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Abstract: The objectives of this study were to explore the effects of different environmental conditions on seedling root
growth and to provide important guidelines for forest regeneration and sustainable management. Thus, morphological
characteristics of seedling roots of Quercus liaotungensis were investigated. The concentrated distribution zone of (.
liaotungensts in Shaanxi Province is located in the Loess Plateau and the north slope of the Qinling Moutains. The study was
conducted in three distribution areas of Q. liaotungensis, which including the north slope of the Qinling Moutains ( Taibai) ,
southern Loess Plateau (Huanglong) , and central Loess Plateau ( Yan’ an). Root morphological indices of 1—5-year-old

Q. liaotungensis seedlings were investigated and the influences of environmental factors on root growth were analyzed. The
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results showed that root morphological indices were significantly different between trees grown in southern and northern
areas. During the early growth stages of the seedlings (1—2 years) , root morphological indices were constrained. The total
root length, surface area, volume, root tips, averaged diameter, tissue density, and biomass per seedling increased and
then decreased from the north slope of the Qinling Moutains to the central Loess Plateau, while the largest indices were
documented in Huanglong. As a result, the roots of Q. liaotungensis seedlings in Taibai by improving root forks and
decreasing the total surface area, volume, and average diameter to adapted to the environment. The roots of Q. liaotungensis
seedlings in Huanglong and Yan’ an by improving the elongation, specifically increasing the total surface area, volume, and
average diameter, as well as by reducing root forks to adapted to the arid environment. Relationships between seedling root
system indices (including the total root length, surface area, volume, root tips, and forks per seedling) and seedling age
were best described by a linear function (y = ax + b, a > 0, P < 0.05). Redundancy discriminate analysis revealed that
root forks, total root length, specific root length, and root tips of Q. liaotungensis seedlings were significantly positively
correlated with available phosphorous, nitrate nitrogen, available potassium, annual precipitation, gravel content, and
available nitrogen, whereas they were significantly negatively correlated with soil pH, mean annual temperature, and mean
summer temperature. We conclude that appropriate gravel content and moisture are favorable for the growth of Q.

liaotungensts seedling roots.

Key Words: Quercus liaotungensis seedlings ; root morphology; environmental gradients; redundancy discriminate analysis
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Table 1 General information of sample plots

Fig.1 Precipitation and temperature in Taibai, Huanglong and Yan’an during 1971—2010

8 9101112

I H Item KA Taibai # ¢ Huanglong HEZ Yan’ an

HEAET 4% Latitude/N 34°0" 35°28' 36°16'

Ecological factors ZJ¥ Longitude/E 107°30° 109°31" 109°17'
W4 Elevation/m 1845—1894 1412—1485 1268—1347
WiTA Slope aspect 35—50 NW 10—40 NW 20—40 NW
Y E Slope/ (°) 7—11 17—27 2-21
[% it Mean annual precipitation/mm 907 563.9 507.5
AEYIREE Mean annual temperature/ °C 6.7 8.6 8.8
K 725 J& Mean summer temperature/C 20.2 21.8 22.9

A LA B s Age/a 82 78 81

Forest status P Density/ ( trees/ha) 945+43a 939+37a 1152+72b
FHI 45 Mean DBH/cm 22.14+1.98a 20.07+2.33b 14.21£1.57¢
S-Y5 5 Mean height/m 12.25+0.11a 9.46+0.41b 5.89+0.18¢
5 ME Crown width/m? 4.68x4.45a 3.92x3.69h 3.15%2.95¢
AR Canopy density 0.68+0.03a 0.66+0.02a 0.71+0.11b

T LR HHLF Organic matter/ ( g/kg) 81.16+2.06a 52.81+7.79b 28.48+1.94c

The physicochemical 4% Total nitrogen/( g/kg) 3.24+0.73a 2.43+0.4a 1.55+0.18b

characteristics of soi A, Available N/ ( mg/kg) 97+17.34a 26+2.07h 18.96+1.76¢
S, Nitrate nitrogen/ ( mg/kg) 69.09+10.57a 1.81+0.21b 2.06+0.29h
A Ammonium nitrogen/ ( mg/kg) 27.91+2.31a 24.19+2.34a 16.9+2.05b
A Available P/ (mg/kg) 21.28+1.89a 9.9+1.84h 11.03+1.36¢
B Available K/ ( mg/kg) 347.01£46.51a 120.26+18.08b 118.28+20.79b
>1 mm A8k F i Gravel content/% 10.37+1.64a 3.34+0.42h 0.52+0.11¢
pH 5.36 8.56 8.76

o5 BRIy 220300, [RIAT R S AR R F0R O 38 22 57 FREAN IR R A 38 22 5 (P<0.05)
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