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Effects of water supply on the growth and eco-physiology of seedlings of the

dragon spruce Picea asperata Mast.

YANG Yan', LIU Qingl *, LIN Bo', WU Yan',HE Hai'*? (1. Chengdu Institute of Biology, Chinese Academy of Sciences,
Chengdu 610041, China; 2. Department of Biology, Chongqing Normal University, Chongging 400047, China). Acta Ecalogica Sinica , 2005, 25

(9):2152~2158.

Abstract ; Dragon spruce (Picea asperata Mast. ) is one of the dominant conifers of the subalpine forested areas in western
Sichuan and southern Gansu provinces of China. Naturally it develops into blocks of pure forests of the species or coniferous
mixed forests dominated by purplecone spurce (P. purpurea), faxon fir (Abies faxoniana), or other species of spruce and fir.
Dragon spruce is widely used for artificial regen®ration after clear-felling of natural subalpine coniferous forests in western
Sichuan because it is relatively easy to collect the seeds and raise the seedlings. In the clear-felled sites, planted seedlings are
exposed to unfavorable conditions. Previous studies have proved that gorwith of planted dragon spruces seedlings was inhibited
in the field during the earlier growing seasons due to water supply and temperature limitation which prevent its successful
establishment in the alpine ahd river valley habitats in western Sichuan.

To understand the optimal water conditions for dragon spruce seedlings and their growth and eco-physiological responses
to soil moistures, we designed four levels of water supply treatments which simulate 350 mm, 700 mm, 1 600 mm and 1 350
mm of annual precipitation and cover natural water conditions in dragon spruce’s distribution area. The experiments were
conducted at Maoxian Ecological Station (103°53'58"E, 31°41'07"N, 1 816 m a. s. 1.), the Chinese Academy of Sciences. In

spring of 2000, we potted the 2-yerar-old the seedlings and artificially controlled water supply based on the simulated annual
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precipitation. According to the long-term climatic records, we adjusted the weekly water supply every month. In the sumfner
of 2004, we measured the growth parameters of the seedlings, gas exchange and contents of chlorophylls, proline and
malondialdehyde (MDA) of the needles.

The results show that their height, root collar diameter, biomass accumulation (expressed as total biomass and weight of
needles, stem and shoots and roots), taproot length, number of first-order lateral roots, gas exchanges, and contents of
chlorophyll, proline and MDA were obviously affected by water supply treatments. We observed significantly higher values of
the parameters of the seedlings undel_' the treatment simulating 700 mm of annual precipitation than those under other water
supply treatments. Seedlings under extremely low water supply (as simulating 300 mm of annual precipitation) exhibited
notably reduced net photosynthetic rate and transpiration rate, which restrict their biomass accumulation; while seedlings
under extremely high water availability decreased their root growth remarkably. The dragon spruce seedlings could acclimate to
the water regimes by adjusting their water use efficiency. When water supply was insufficient, they could get survive by
increasing WUE, whereas when water supply was more than enough, they could decrease the WUE to a low value. Moreover,
seedlings under both extremely low and high water su'pply showed a reduction in chlorophyll contents and an increase in MDA
contents. Our results indicate that about 700 mm of annual precipitation was the optimal water condition required for dragon
spruce seedlings. In addition, insufficient or excessive simulated water supplies resulted in reduction of the chlorophyll content
and the increases of MDA contents.

Key words : water supply; Picea asperata; growth; eco-physiology
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Table 1 Growth parameters of dragon spruce (Picea asperata Mast. ) seedlings under different water supply treatments

i 7K I Annual water supply (mm) 350 T 700 1000 1350
B BE Height (cm) 15.17+4. 81" 22. 24+4.09° 21. 971 3. 54° 21.98+4.11°
¥4 Root collar diameter (cm) 0.8940.11b 1.0940. 028 1. 01 £ 0. 05° 1. 004+ 0. 08*
3 I Root weight (g) 5.93+1.79° 11. 50+ 3. 352 6. 50+ 1. 81° 5. 48+ 0. 86°
# B Stem weight (g) 6. 70+ 2. 37° 9.21%1. 04* 7.29+1. 05b 6. 98+1.10°
H ¥ Leaf weight (g) 12.514+2.18P 18.50+4.13* 13.4542. 730 11. 984 2. 95°
B4 @ Total biomass (g) 25. 141 5. 64° 39. 201 8. 04° 27. 67+ 4. 89° 24. 444 3. 91°
#8 ® I Root weight/total biomass 0.24+0. 05" 0. 29+0. 03¢ 0.23+0. 03" 0.2240.04>
Z H H, Stem weight /total biomass 0. 26+ 0. 04* 0.24+0.03° 0.28+0.03° 0.29-+40. 03°
H # l, Leaf weight/total biomass 0.5040. 03 0.4710. 02* 0.49+0. 03" 0. 4940. 06°
# ¥ Root length (cm) 27. 28+4.92° 26.19414.19° 14. 55+ 3. 39° 13.6+1.73b

— Numb f the first-
% RMAB Number of the first- ) 6743, 330 27+ 4. 97" 16. 33 2. 25° 10. 75+ 1. 26¢

order lateral roots

RPRBAFHELAERE, RAMR

FEHEHNLABRAFLBBEFERR (p<0.05,2=5)

Data of the table represent average value +

standard error and those with the same letters are not significantly different(p<C0. 05,2=05)
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& 2 nE - * s
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b 350 700 1000 1350 350 700 1000 1350 350 700 1000 1350
#E7K I Water supply (mm) K I Water supply (mm) HE/K B Water supply (mm)
1 AFRBEABRTZEYENSESERA), KB ERR G FKTFAHBREC
Fig.1 Net photosynthetic rate (A), transpiration rate (B) and water use efficiency (C) of dragon spruce seedlings under different water
supply treatments ' .
2.3 HExXag %2 AEASABZEHEHRFHERSR
ARIASMBNZEGEYHFAHSERE a(Chla) IS K Table 2 Content of chlorophyll (Chl)and (Chla/Chib) of dragon

BEBCDHEmEE, MM HZE bChibh)FEAMMH K a/b
- (Chla/Chlb)E2m A & (£ 2), /K E 350 mm T $+H Chla,
Chlb,Chl #1 Chla/Chlb #{& FH s 3 Pk 3, R T &
BMaBERTaE4EHSRIE. 5 700 mm 11 000 mm
KEBHSE,1350mm ikt EBE-—FEE L0RERKT s
Chla.Chlb.Chl #i Chla/Chlb K ¥,
2.4 HARSAR_BSR

KN BEEEWTHABFEREAMAZTEMEZ A),T
BEEATHABERERGBEAZSEREK. sEHEH TR
B (MDASEEAFAMEKETHLEEEER (B 2B), 350
mm Fl1 350 mm KB T4 #E+ MDA S BE®. 75 A

spruce seedlings under different water supply treatments

FHARmm) 0 Chl b Chl
Annual (me/e) (me/g) (me/e) Chla/Chlb
water supply mEE mere ME/8
350 7.7240.40° 2.66+0.26° 10.38+0.66° 2.91+0. 14°
700 3.96+0.74% 2.824 0.52% 11.79+1.24* 3.2240. 35
1000 9.1940.14* 2.7440.05* 11.934+0.18* 3.3610. 04
1350 8.534+0.55% 2.7540.42* 11.2940.86° 3.13+0.37°
ZPHEINEHELFEBEREZ;AAHRAEZHENLHEBEF LT

BEMEE (p<<0.05, n=3) Data of the table represent average

value + standard error and those with the same letters are not

significantly different

29. 24 pmol/L 1 27. 89 pumol/L,700 mm 1 000 mm /KB F MDA & EHK.4 5% 26. 38 pmol/L #1 25. 41 pmol/L , B

TR B A S 4 & MDA & BRI,
3 ZgS5itie
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Fig. 2 Contents of free proline (A) and MDA (B) in needles of dragon spruce seedlings under different water supply treatments
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