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Comparison of growth strategy for Larix principis-rupprechtii and Picea meyeri

seedlings under controlled conditions

ZHANG Yunxiang', LI Haibo’, GUO Jinping' *

1 College of Forestry of Shanxi Agricultural University, Shanxi Taigu 030801, China
2 Forestry Company of Luan Coal and Electricity Group, 030000, China

Abstract ; The mixed stand of Larix principis-rupprechtii and Picea meyeri is one of the dominate forest types in the mountain
area of northern China. Many forest scientists believe that the climax vegetation community in the area was pure Picea
meyeri stand, however, the existing mixed stands of the two species with larger proportion and long history must have
interior mechanism of tree physiology and ecology. To study different growth responses of Larix principis-rupprechtii and
Picea meyeri seedlings to light intensity, water availability and nitrogen concentrations under controlled conditions, the
experiment was designed using mixed substrates ( fine sands:nursery soil:cinnamon soil = 1:3:5) with treatments of four light
intensity levels (100% , 45% , 25% and 5% ), three soil water capacity levels (100% , 70% and 40% ) and four
nitrogen levels (20mmol/L, 15mmol/L, 10mmol/L and 5mmol/L). The seedling root collar diameters, height and biomass
components of the two species were measured at the end of the experiment. The differences between their growth responses
to light intensity, water availability and nitrogen concentrations were analyzed. The results showed that the seedling growth
of Larix principis-rupprechiii significantly responded to different light intensities, in which the largest root collar diameter
achieved under shade condition and the largest underground biomass achieved under full light (100% ). It was also found
that no significant responses of Larix principis-rupprechtii seedlings to water availability and nitrogen concentration
treatments. It was concluded that the seedlings of Larix principis-rupprechiii required certain shade environment for their
healthy growth, although the species is intolerant to shade condition in general. Comparing with Larix principis-rupprechtii,

the seedlings of Picea meyeri grew slower and were not sensitive to light intensity treatment, but responded significantly to
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water availability in which the root collar diameter, aboveground, underground and total biomass were all the largest in the
treatment of 40% soil water capacity level. The seedling height of Picea meyeri is highest with low nitrogen level (5mmol/
L). It was concluded that wet and high nitrogen conditions would not be beneficial to Picea meyeri seedlings, but low soil
water contents and low soil nitrogen concentration would promote the seedling growth. The study showed different growth
responses of Larix principis-rupprechtii and Picea meyeri to the conditions of light intensity, water availability and nitrogen
concentrations at the seedling stage. Such differences may impact the interspecies relationship, niche differentiation and co-

existence of these two species, and ultimately affect the dynamic succession of the forest community.
Key Words: Larix principis-rupprechtii; Picea meyeri; growth strategy; response; seedling
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Table 1 Soil characters in planting container
T pH H AL &R % HRBE/ (mg/kg) B/ (mg/kg) AR/ mg/kg ) AR/ ( mg/kg)
pH Organism content Active phosphor Active potassium NH,-N NO;-N
7.96 5.27 7.48 141 18.00 55.48
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(1) RS
RSB e IR R R SO IR AROE R 4 4

120 ——2m
K SRR I B PR OER, S B R N, Z10r - ig‘g?{l
N ALY N = 8F - 0
122 23 2@, EESELRRNFN 0%, 3 X J —"
55% 75% F1 95% , 43 B P L L, Ly 1 L, o R ;,%g Al
TES-1332A EIfRBEFH, M 6:00—18:00 A 2h 6] f%,3 &K g2t
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Table 2 Different test of seedling growth of Larix principis-rupprechtii and Picea meyeri in different light conditions

o
B et i/ em /e AR bomass/s
Species Statistics Height Diameter b T £/
Aboveground Belowground Total
HALE M F 1.08 2.85 0.96 2.80 1.41
Larix principis-rupprechtii P 0.36 0.04 0.41 0.05 0.24
I #F Picea meyeri F 0.56 0.21 0.21 0.13 0.20
P 0.64 0.89 0.89 0.94 0.89

IITEER R AL AR G DO AR A A Rt T 3 20 Ay B XS IR FR AR B iy O 2R B 2 2
5 (P <0.05) , HATA B &I A KIEARIA L B9 22 5 WA BB o A RIDERRARAE T PR & st i A A i
BRI BT AR K 3,

F3 TEARSEEIEHRIBFTERISRZ N
Table 3 Effects of light condition on growth indices of two species

S il 1775/ cm HA%2/em Y Biomass/g

Light condition Species Height Diameter Hb_I- Aboveground 1 F Belowground 4>#k Total
WOGHR (5% ) A& A 5.009 +4.165a 0.137 +0.103a 2.344 £1.470a 1.298 +0.903a 3.647 £2.370a
Faint light HFF 2.544 £1.693a 0.091 +0.048a 0.795 £0.413a 0.397 £0.329a 1.136 +0.591a
5GHR(25% ) =53y /N 5.780 £6.803a 0.129 +0.103a 2.200 £1.730a 1.155 £0.925a 3.355 +2.636a
Weak light HFF 2.876 £1.862a 0.089 +0.056a 0.775 £0.490a 0.394 £0.326a 1.108 +0.701a
256 (45% ) A& A 6.489 £9.273a 0.140 +0. 100a 2.623 £2.496a 1.401 +1.235a 4.027 £3.711a
Half light HFF 2.382 £1.416a 0.096 +0.043a 0.836 £0.377a 0.407 £0.284a 1.195 +0.539a
46 (100% ) =53y /N 8.550 +9.724a 0.074 £0.067b 1.696 +1.367a 0.753 £0.692b 2.438 £1.999a
Full light HFF 2.434 £2.043a 0.087 +0.052a 0.759 £0.451a 0.361 £0.297a 1.085 +0.645a

1 ARR/NE TR — 5 AR5 A 22 5 (P < 0.05)

R 3 AL, TR B AL B S At i AR A st AR RIS T ¥R e B B B R 2R AR R 1
1%, ELBE A AL (8 o B F 22 5 (P >0.05) o J34bh, #e v - HA 2l v 1 AL B B4 b 38 23 FLEL AR A ) B AE 5
FLHHET 30% L L, fimAdKEET BT 22% Rk, R, HIRXD B EKF(E2) . £
T EAT A A TR RIS 2R IITE 10% 24, R/ (1B 2) o
2.2 AT RATD AT R I A O R K A A A AR AL B i

AT Re At AR A R A RS A RIK o A AR WA R 22 53, AT SR B 3 R RIK 20 550 T
APRI R B R AR A Yy R BT E R B E T, AR AR 4,

R4 TEERKRSFHTELEHRNONEHEREREZES
Table 4 Different test of seedling growth of larch and spruce in different light conditions

P Geiti 1/ em Hy42/cm H Yy Biomass/g
Species Statistics Height Diameter I+ Aboveground 1 F Belowground 4>Hk Total
Aty A Larch F 1.45 0.83 0.51 0.54 0.53

P 0.24 0.44 3.65 3.33 3.66
H#T Spruce F 0.01 3.65 0.60 0.58 0.59

p 0.99 0.03 0.03 0.04 0.03

hitp : //www. ecologica. cn



7068 O ¥ R 30 &
O #is =T
- 30
0.30 A . B
025 F z 25r¢
g W 2
2 0.20 m5 20f
¥ 2 2
# 8 0151 g 15F
He Sl
B 010f B8 10k
O £ g e
% 005 | 2 0,5-;:;
-.-. .-.- .-. .... O -.- ....
Faint light Weak light Halflight Full light Faint light Weak light Halflight Full light

JEHR Light

B2 iEHRMEAIEERRARZGTHREKE(A) MY T EYEIEE (B) LR

Fig. 2 Comparison of Root Diameter growth (A) and belowground biomass increments ( B) of Larix principis-rupprechtii and Picea meyeri

seedlings in different light conditions

T ZTERR Y AR FUK S R T RIS R AR R R ERBNAYBINEZRY
ABE, T EATLE e REMAYRINEHA BEZF (P <0.05) . #E—F WEBMFITEA 2K
AT A A RIEARIE SR SRR 5.
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Table 5 The effects of soil water contents on growth indexes of two species

H: ¥ & Biomass/g

Koy A TR HifE/cm #A2/ cm
Water condition Species Height Diameter e T E=7S
Aboveground Belowground Total
MR ERY! A& A 6.948 +10.506a 0.130 £0.190a 2.448 +3.499a 1.249 £1.740 a 3.695 +5.224a
Moist =LiR 2.577 £1.841a 0.091 +0.038a 0.793 £0.332a 0.326 +0.244 a 1.134 £0.475a
2R W2 =53y /N 3.817 £5.066a 0.099 +0.054a 1.687 +0.926a 0.884 £0.479 a 2.571 £1.386a
Light arid HFF 2.529 £1.738a 0.094 £0.049a 0.815 £0.427a 0.415 £0.276ab 1.166 +0.610a
R 2 W3 A& A 4.311 £2.699a 0.114 £0.064a 1.909 +1.079a 1.019 £0.569 a 2.930 £1.644a
Middle arid HFF 2.557 £2.115a 0.124 +0.047b 1.078 +0.410b 0.540 £0.294 b 1.542 +0.586b

1 ARR/NE TR — 5 AR5 A 22 5 (P < 0.05)

R 5 AT, A AR A B AR K B FROK 7 2R A A TE BB L. AT 4 5 Z MR, 7E R R AR AF
THRERBIBEARRERAT BFIRE 33% A4, T b T ke R85 5 HR AR
BRI 27% 0 24% 724 (8 3) o SXUEBIARALTE H-HA F 393 1o A2 40 2 R 7K 20 2% 1 A A IR SRR MBI, T A

AU o

2.3 ARLE AN AT S AR RO R R R R AR AL i
XA I R R R A T ARALvE AT AT S B A KIS AR AT T 22 00, R AR 6.

R6 AEERASFHTEILEHRMATEPEREREZREINER
Table 6 Different test of seedling growth of larch and spruce in different light conditions

L] it T #/cm H 7%/ om A4y Biomass/g
Species Statistics Height Diameter Hb1 1= Aboveground 1 F Belowground 4>k Total
==l F 0.14 0.27 0.37 0.28 0.32

p 0.94 0.85 0.77 0.09 0.46
HAF F 4.99 0.68 0.45 0.84 0.81

p 0.003 0.507 0.71 0.97 0.72

BRRRFANF WX I E T M E K ERBEIRNEREE, XAFHEREREREL R
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Fig. 3 Comparison of base diameter growth and biomass increments of Larix principis-rupprechtii and Picea meyeri seedlings in different

water conditions

(P<0.05) , Mfe MY R ERPINAEE . H—P0 4 MERRARZMAT , RILET RN E T &
AR IER AT LB AT, SR AR 7.

HIR 7 AL, ARt AN B R AR AR R R A My B B B SRR R B R R A TG S W B, T AT 4T
HERAERBAWPLBE 2R AR BRI & A KRBT, RS T em, LA 4,

F7 HEHBMATYEERKSERAERE ZHA0EE
Table 7 Different corresponds of two species seedling growth to soil nitrogen contents

REWE W i/ om 7%/ em £y Biomass/g

Soil nitrogen Species Height Diameter Hb_I Aboveground 1 F Belowground £ bk Total
A N1 BRI A 7.88 £10.839 a 0.141 +£0.083a 2.584 +2.013a 1.262 +1.005a 3.838 £2.979a
High HFF 1.486 +0.671 a 0.090 +0.050a 0.786 +0.435a 0.460 +0.506a 1.124 +0.623a
N2 AL L 7.254 +8.060 a 0.126 +0.115a 2.239 +2.026a 1.181 £1.025a 3.421 £3.021a
Middle HAF 2.099 +1.067ab 0.079 +0.039a 0.683 +0.336a 0.305 +0.162a 0.977 +0.480a
fRA N3 BRI A 7.789 £7.337 a 0.126 +0.113a 2.179 +£1.534a 1.191 £1.014a 3.374 +2.531a
Lower HFF 3.046 +1.477bc 0.069 +0.052a 0.596 +0.449a 0.332 +0.290a 0.853 +0.642a
AR N AL L 7.483 £6.700 a 0.156 +0.118a 2.738 £1.679a 1.463 +1.063a 4.203 +£2.728a
Little HAF 3.258 +2.199cd 0.085 +0.053a 0.737 +0.464a 0.327 +0.290a 1.054 +0.663a

1 ARR/NE TR — 5 AR5 A 22 5 (P < 0.05)

3 iR

AR ST 5 57 e W 7 2 S | e
KRR BRI TR AR 02 5, LB £ 0 B
RIEVEIR(T) B BE R 0 5 2 KB TR TR 4
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Fig. 4 Height growth of Larix principis-rupprechtii and Picea
meyeri seedlings in different nitrogen conditions
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