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Abstract: [Objective] This paper explores the vertical distribution of fine root biomass (< 2 mm) and fine
root morphology of P. tabuliformis plantations under different stand densities, slopes and aspects, so as to
provide a basis for vegetation management and ecological construction evaluation in the loess region of
western Shanxi Province of northern China. [Method] We investigated the vertical distribution and
influencing factors of fine root characteristics, including fine root biomass density, length density, tissue
density, specific root length and specific surface area in 0—100 cm soil layer of P. fabuliformis under five
stand densities (M1(< 2 000 tree/ha), M2(2 000—3 000 tree/ha), M3(3 000—4 000 tree/ha), M4(4 000—
5000 tree/ha), M5(> 5 000 tree/ha)), three slopes (< 20°, 20°-30°, 30°—40°) and two aspects (shady slope
and sunny slope). [Result] (1) The fine root biomass density in 0—100 cm soil layer exhibited a unimodal
pattern with the increase in stand density, reaching its peak at 606.19 g/m’ with M4 density. The slope and
aspect showed no significant impact on fine root biomass density. The density of fine root biomass
decreased significantly with the increase of soil depth (P < 0.05), mainly concentrated in 0—20 cm soil layer,
accounting for more than 38%. (2) With the increase of stand density, the fine root length density of 0—
100 cm soil layer showed a unimodal pattern (the maximum value with 3 639.73 m/ m* at M4 density ), and
the specific root length and specific surface area showed a trend of decreasing first and then increasing (the
minimum values with 601 cm/g and 101.09 cm?/g, respectively). While slope and aspect had no significant
effects on the morphology and vertical distribution of fine roots. In the vertical direction, the ratio of fine
root length density in 0—40 cm soil layer of each stand density was more than 60%. The specific root length
and specific surface area of the 0-20 cm soil layer initially decreased and then increased as stand density
increased(P<0.05). (3) Correlation analysis showed that stand density and soil depth significantly influenced
fine root biomass density and morphology. Fine root biomass density and root length density were
significantly positively correlated with stand density, soil total carbon, total nitrogen and organic carbon,
significantly negatively correlated with soil depth and C:N. Specific root length and specific surface area
were significantly negatively correlated with stand density and soil organic carbon, and significantly
positively correlated with soil depth (P < 0.05). [Conelusion] Stand density is a key regulatory factor for
fine root characteristics of P. tabuliformis plantations. Stand management measures can be used to adjust
stand density and fine root survival strategies, so as to improve the adaptability of P. tabuliformis plantations
to cope with environmental stress, and provide theoretical support for sustainable management of artificial
forest in semi-arid regions.

Key words: Pinus tabuliformis plantation; fine root biomass; morphological characteristics of fine roots;

vertical distribution; influencing factors
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2 1063.0 1025 M1 28 MS PA 7.52+0.86efg 14.13+1.72 ab
3 1170.0 1100 M1 34 HS NA 8.72+0.96 defg 15.26 +2.35 ab
4 1183.0 1125 M1 39 HS NA 8.34+0.98 defg 14.55+2.52 ab
5 1176.0 1250 Ml 30 MS PA 822+ 1.07efg 14.04 £2.08 ab
6 1350.0 1 866 M1 38 HS NA 8.87+1.32def 13.65+3.23ab
7 1171.0 1875 M1 27 MS PA 9.79 £ 1.38 abed 12.75+4.28 ab
8 1366.8 1875 M1 28 MS NA 11.15+2.16 a 1530+4.30a
9 1343.8 2075 M2 30 MS NA 9.06 £ 1.91 de 13.77 +4.10 ab
10 1196.0 2100 M2 30 MS NA 7.84+1.88efg 11.76 +3.67 bed
11 1075.0 2150 M2 0 LS PA 8.67 +2.17 defg 10.73 +4.56 bed
12 1403.0 2175 M2 18 LS PA 9.50+£1.98bcd 14.37+4.12ab
13 1339.8 2 875 M2 34 HS PA 644+154¢g 9.03 +3.79 de
14 1336.2 2900 M2 38 HS PA 6.55+259¢g 9.74 + 5.36 cde
15 1358.0 2900 M2 26 MS NA 10.28 £ 1.23 abc  12.70 £ 3.16 abc
16 1336.5 2975 M2 30 MS NA 10.16 £ 1.76 abc  11.92 +£4.24 bc
17 1333.1 3000 M3 0 LS PA 737+1351g 10.94 + 3.54 bed
18 1368.4 3000 M3 20 LS NA 8.88 +1.83 de 10.83 £4.15 bed
19 13742 3000 M3 30 MS PA 8.16 £ 1.68 efg  10.69 + 3.39 bed
20 1284.2 3200 M3 25 MS NA 795+ 1.69efg 10.58 +3.84 bed
21 1370.3 3288 M3 0 LS PA 10.13£1.79abc  11.90 £ 3.44 be
22 1350.0 3400 M3 24 HS NA 6.88 +2.23 fg 9.94 + 4.56 bede
23 1270.0 3500 M3 40 HS PA 6.15+1.71¢g 8.33 +£4.66 de
24 1227.0 3550 M3 33 HS NA 10.43 + 1.81 ab 11.52 £ 3.59 bed
25 1215.0 3600 M3 16 LS NA 9.72+ 1.74bcd  10.68 +3.97 bed
26 1304.0 3600 M3 16 LS NA 7.93+1.45efg  10.99 +3.71 bed
27 12752 3650 M3 27 MS NA 825+ 1.59efg 10.42 +3.66 bed
28 1301.3 3700 M3 30 MS NA 7.84+£2.07 efg 9.72 +4.35 cde
29 1394.6 3821 M3 28 LS NA 7.28 +1.69 fg 9.83 + 3.65 bede
30 1240.0 4000 M4 26 MS PA 7.01+1.31fg 10.81 £2.56 bed
31 1198.8 4000 M4 31 HS PA 6.10£1.86¢g 8.84+3.27 de
32 1325.0 4025 M4 21 MS NA 10.31 £ 1.79abc  11.00 £ 3.72 bed
33 13557 4050 M4 23 MS NA 7.41+1.92fg 9.10 +4.59 de
34 1344.0 4088 M4 10 LS NA 8.98 £2.20 de 11.37 +£4.01 bed
35 1357.0 4100 M4 20 LS PA 8.15 + 1.66 efg 9.48 +3.91 cde
36 1279.0 4200 M4 22 MS NA 827+ 1.47efg 10.64£3.36 bed
37 1365.7 4425 M4 30 MS PA 6.76+ 1.6l g 8.84 £3.20 de
38 1252.0 4475 M4 36 HS PA 10.12+1.99abc  10.67 £3.73 bed
39 1339.7 4500 M4 38 LS NA 7.03+1.51fg 10.11 £ 3.63 bed
40 12773 5050 M5 20 LS NA 939+ 1.64cd 10.19 £ 3.72 bed
41 1333.6 5250 M5 25 MS NA 8.26 £2.58 efg 8.56 £4.35 de
42 1307.0 5550 M5 25 MS PA 8.82 +£2.09 def 8.86 +3.72 de
43 1273.0 5900 M5 24 MS PA 6.36+156¢g 7.09+3.62¢
44 12771 5900 M5 0 LS PA 7.22+1.54 fg 7.73 £3.78 de

TE: ARENG PR IR 22 57 B2 (P <0.05) . M1 ~MS/MAIZRRMS % EE < 2 000 #R/hm’, 2 000 ~ 3 000 #/hm?, 3 000 ~ 4 000 #/hm®, 4 000 ~
5000 #k/hm*F1 > 5 000#/hm*. LS. MS\ HSZF BRI FE L s FE A o NAL PAZ R I3 RIBH 4% . R H]« Notes: different lowercase
letters indicate significant differences between the sample plots (P < 0.05). M1 to MS5 represent 5 density types: < 2 000 tree/ha, 2 000 to 3 000 tree/ha,
3000 to 4 000 tree/ha, 4 000 to 5 000 tree/ha, and > 5 000 tree/ha, respectively. LS, MS and HS indicate low, medium and high slope, respectively. NA
and PA represent negative and positive aspect, respectively. The same below.
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[F) 5 i A) 22 S AN B 35 o Frp BE AR 435 B 186 0 A5 1k
AR o Spe M Ssa B A6 AR 535 B2 19 I S ik /s 5 1S
K, AHANA Spy 16 A [F] bR 53 %5 BE ) 22 7 B 3% (P <
0.05). & 4 F0 & 5w, AN (R 3B AN ) 2% A
T 0~ 100 cm - )2 H AR LA 2 A1 5% A 3% %
F(P>0.05).

B 3. B 4 AP S wl g, fEEE TR B, &4
MR ASHRFAERE T2 iR 23 AR . AR
3 P YR RIS ) P 200 AR AR A 2 R 2 1 DR

R2 WMOEHER L EXHRERE G

Tab. 2 Effects of stand characteristics and soil layers on fine root traits

B 2 EE;%E%E MR MOV RIS He & TR
G S v i S
Y ({"rRBD Y ('RLD Y (I'RTD g RL SA
+J2 Soil layer <0.001 <0.001 0.496 <0.001 <0.001
#R45r% ¥ Stand density <0.001 <0.001 0.556 0.029 0.011
Wi JZ Slope 0.409 0.065 0.096 0.202 0.540
1) Aspect 0.643 0.846 0.469 0.572 0.586
WA #FE < ¥ Stand density x slope 0.576 0.334 0.595 0.224 0.164
Mo x B 1H) Stand density x aspect 0.347 0.596 0.549 0.039 0.038
My a5 FE x + )2 Stand density x soil layer <0.001 0.724 0.813 0.326 0.374
WiFE x +)Z Slope x soil layer 0.986 0.697 0.811 0.990 0.984
Bim) x 1 )2 Aspect x soil layer 0.797 0.905 0.718 0.759 0.764
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2.3 HIREHES R HHER T B R A E X AT
B P 6 AL WAA N TR Fraps Frip 5 1EIR
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