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Relationship between fine root biomass and soil nutrients in Pinus tabulaeformis
plantations with different stand ages and densities in Daqing mountain

Li Xuehui', He Yanhong', Bai Yuyang', Zhang Haidong’, Liang Hongjian', Xie Zhicai'

(1. Inner Mongolia Agricultural University, Hohhot 010019, Inner Mongolia, China;
2. Inner Mongolia Autonomous Region Forestry Science and Technology Research Institute, Hohhot 010010, Inner Mongolia, China)

Abstract: [Objective] The fine root biomass and morphological characteristics of Pinus tabulaeformis plantation with different forest
age and density in Daqing mountain of Hohhot City, Inner Mongolia were studied, and the relationship between forest age and density
and fine roots and soil nutrients was clarified, so as to provide a theoretical basis for the scientific management of Pinus tabulaeformis
plantation in Daqing mountain area. [Method] Twenty-four plots of Pinus tabuliformis plantations were established, comprising
eight treatment types with different stand age classes and densities: young stands with medium density, young stands with high density,
middle-aged stands with low density, middle-aged stands with medium density, middle-aged stands with high density, mature stands with
low density, mature stands with medium density, and mature stands with high density. The root coring method was employed to collect
fine root and soil samples from two depth layers (0-20 cm and 20-30 c¢m), investigating fine root biomass, morphological characteristics,
and their relationships with soil nutrients under different stand ages and densities. [Result] The fine root biomass, root length density
and root surface area density were concentrated in the 0-20 cm layer. In young forests, with the increase of density, fine roots showed an
increasing trend. From middle-aged forest to mature forest, the fine roots showed a trend of increasing first and then decreasing with the
increase of density. The total biomass, root length density and root surface area density of fine roots reached the maximum of 411.60 g/m’,
830.87 m/m” and 224.05 m*/m’ at medium density in middle-aged forest. Soil organic matter, total nitrogen, total carbon, available

nitrogen and available phosphorus content were positively correlated with fine root biomass, root length density and root surface
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area density, but negatively correlated with fine root specific root length and specific surface area. [ Conclusion] In the scientific

management of Pinus tabulaeformis plantation in Daqing mountain, combined with the synergistic effect of forest age and density, high-

density planting mode should be adopted in the young forest stage, and medium-density planting mode should be adopted in the middle-

aged forest and mature forest stage, which is more conducive to promoting the growth and development of trees.

Keywords: Pinus tabuliformis; fine root biomass; stand age; stand density; fine root morphology; soil nutrients
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Table 1 Basic information of sample plots

FAL Yt RGeS AY RESLIN I o R 3k 40 4 G

Type code  Stand structure type ~ Average stand age /a  Stand density /( #-hm™) Altitude /m  Aspect  Latitude (N)  Longitude (E)
YZ AN i 16 2603429 1184.8 ISF 3 40°55'53" 111°55'59"
YG AN 18 3406+45 1174.0 3% 40°55'53" 111°55'59"
ZD PR PR A B 23 1692427 1214.0 ISH 3 40°56"25" 111°55'51"
77 T AR B 21 2540422 1224.8 BRIk 40°56'23" 111°56'12"
ZG CRCINE)i 21 3332427 1237.1 PR3 40°56'32" 111°55'59"
CD ARG E 41 1678+19 12252 ISF 3 40°56'15" 111°56'09"
Ccz JRCARA % 41 2544413 1244.2 PoH 3 40°56'24" 111°56'03"
CG IR e FEE 41 3334+20 12525 PR3 40°5625" 111°55'56"
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Table 2 Effects of stand structure on fine root biomass g/m’
HTR G BR A G g 2T AR Biomass of fine root
Type code Stand structure type 0 ~ 20 cm 20 ~ 30 cm 243 Total
YZ YR PR b B 176.10+7.16 Cb 102.54+5.35 ABa 278.64+12.47 Ba
YG B0 R 254.40+3.60 Aa 41.25+4.07 Bb 295.65+7.58 Aa
ZD rP PR AIG E 74.14+12.13 Be 93.20+0.00 Ba 167.35+12.13 Be
77 Hp S b 313.141+40.29 Aa 98.46+14.35 Ba 411.60+53.57 Aa
7G BN s 180.44+11.18 Bb 137.85+38.95 Aa 318.29446.37 Ab
CD AR 2 BE 130.15+10.15 Ab 106.10+4.62 Aab 236.25+12.92 Ab
Ccz AR 2 229.75+14.68 Ba 128.96+19.76 Aa 358.71433.44 Aa
CG AR S 127.15+3.86 Cb 94.73+£5.29 Ab 221.88+9.13 Bb
T ORREKSFRFRE—FEARFRRRIZREE (P <005 , RENSFRERE—HRBARRSEENZERDE (P <005 .

Different uppercase letters indicate that the same density has a significant difference between different forest ages (P << 0.05), and different lowercase letters
indicate that the same forest age has a significant difference between different densities (P << 0.05).
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Different lowercase letters indicate significant differences among different stand ages under the same density and within the same soil layer (P << 0.05).

& 1

T REIMEE TR AR LS

Fig. 1 Changes in fine root morphology of P. tabuliformis under different ages
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Different lowercase letters indicate significant differences among different densities at the same stand age and within the same soil layer (P << 0.05).
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Fig. 2 Morphological changes of fine roots of P. tabuliformis under different densities
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Table 3 Variance analysis of the effects of stand age, density and soil layer on fine root morphological indexes of

P. tabuliformis (F value)

F Y F value
it . Ll . o ey MR XCER R X R B X R X
Morphological index i Su;and iEﬁHE ik X J'ﬁ}# RIE Age X Soil {;E'f Density X i%?ﬁ?fgmAgeX
Forest age . Soil depth  Age X density . . .
density depth Soil depth  Density X Soil depth
AR K: Specific root length 0.366 6.455%%  10.11%* 4.320% 3.259 9.490%* 1.147
EL R T AR Specific root surface area 1.639 8.659%*%  9,055%* 2.485 1.989 6.126%* 1.491
K3 Root length density . . . . . . .
TR K% % Root length densi 7.143%%  7.331%%  98.108** 5.388%* 3.935% 2.143 10.086%**
1~ A% 2 Root surface area densit . . . . . . .
R A% E R f: density  9.566**  10.600** 109.883**  4.877** 2.921 4.014* 12.344%%*

T X RELEHMEA; *REP<0.05; **FP<00l. X represents the interaction effect; * represents P << 0.05; ** represents P << 0.01.

FT4 TEMEE. BETLESKE'

Table 4 Soil moisture content under different forest ages and densities %
1B 35 7K % Soil moisture content
Soil layer /cm YZ YG 7D 7G CD CZ CG
0~20 4714+039a 5.79+0.80a 10.27+080a 10.69+1.29a 13.68+3.40a 11.97+228a 15.13+1.63a 1425+231a
20 ~ 30 3.80+0.60b 587+087b 947+089b 10.15£094b 1293+331b 924+196b 12.56+1.49b 11.82+1.43b

T OARFE/NG FREFOR AR 2 R B2 (P <0.05) . Different lowercase letters indicate significant differences in data within the same column (P < 0.05).
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Table 5 Soil nutrients under different stand structures

- = N B E S SR A

s L AURGR SRR AR AR R
Eyip T : . . Alkali-hydrolyzable Rapidly available

Soil Organic content / Total nitrogen Full carbon Total phosphorus .

Type code layer /cm (g'kgh content /(g'kg ')  content /(gkg')  content /(g-kg ") nitrogen content / phosphorus
Y (ngg") content /(ng-g ')
vz 0~20 16.26+2.00 Ba 1.38+0.19 Aa 11.58+0.66 Ba 0.8240.04 Ba 66.8917.91 Ba 29.60+3.62 Aa
20~30 17.55+1.89 Aa 1.551£0.22 Aa 12.524+2.00 Ba 0.8340.06 Ca 68.4417.65 Aa 23.80%£2.57 Aa
vG 0~20 4.78+1.34 Cb 1.324+0.26 Aa 9.77+0.78 Bb 0.76+0.09 Ba 45.89+6.17 Cb 20.83+2.14 Bb
20 ~ 30 7.21+1.18 Cb 1.00+0.13 Ab 7.47+0.73 Bb 0.81+0.22 Ca 39.67£6.06 Cb 16.851+3.98 Ab
7D 0~20 11.09+£2.08 Be 1.324+0.16 Ba 13.534+0.92 Bb 0.97+0.05 Ab 71.56+£9.76 Bb 15.9042.79 Bb
20 ~ 30 9.92+1.81 Ba 1.28+0.18 Ba 10.78+1.14 Bb 0.95+0.07 Ab 62.22+7.38 Ba 11.95+1.28 Bb
77 0~20 18.15+0.98 Aa 1.524+0.12 Aa 29.65+2.46 Aa 0.8340.13 Bc 94.89+14.05Aa  20.78+3.22Ba
20 ~ 30 7.55+1.64 Bb 1.18+0.15Ba 27.90+3.28 Aa 1.204+0.27 Ba 52.22+6.65 Bb 14.401+1.90 Ba
76 0~20 15.07+1.37 Bb 1.33£0.22 Aa 13.17+1.82 Ab 1.42£0.11 Aa 66.11+13.61 Bb  19.60+3.72 Ba
20 ~30 8.731+1.87 Bab 0.9740.10 Ab 9.07+1.93 Ab 1.35+0.15Ba 4733+7.63Bb  13.181+1.92 Bab
D 0~20 24.06+3.08 Aa 1.65+0.27 Aa 21.12+1.97 Aa 1.03+0.25 Ac 1174412180 Aa  25.771+4.40 Aa
20 ~30 14.691+2.45Aa 1.324+0.26 Aa 15.23+2.80 Aa 1.054+0.22 Ab 77.67+11.32 Aa  13.34+1.34 Ab
ez 0~20 15.68+1.55Bb 1.15+0.19 Bb 10.82+0.51 Bb 1.30+0.11 Ab 60.44+6.95 Bc 20.78 +2.46 Bb
20 ~ 30 7.34+1.28 Bc 1.0740.23 Bab 6.05+0.92 Cb 1.4940.30 Aa 46.00+5.85 B 14.1611.71 Bb
G 0~20 17.78 £3.66 Ab 1.221+0.17 Ab 11.88£1.67 Ab 1.51+0.16 Aa 76.22+£9.55 Ab 29.50+4.46 Aa
20 ~30 11.73%1.36 Ab 0.95+0.21 Ab 7.37+0.87 Bb 1.671+0.14 Aa 56.78 £6.50 Ab 16.83+2.25 Aa

T ARAKGFRRR A FEAFKE T 2R RE, RRNGFEERR AR R 2R EE (P<0.05) .
Different uppercase letters indicate that the same density has a significant difference between different forest ages, and different lowercase letters indicate that the
same forest age has a significant difference between different densities (P << 0.05).
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* P <<0.05; % P <0.01; *** P <0.001.
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Fig. 3 Correlation analysis of morphological characteristics of fine roots and physical and chemical properties of soil
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Table 6 Path analysis of soil nutrients on fine root biomass

JERz 3] NN . .
P oy [8] 42218 42 & 5 Indirect path coefficient
- RERRY RAK - P
Factor Sum of path Direct path 4 ffl
coefficient coefficient Sum =X~y X~y >X;—~y - X~y X~y ~ X,y
(= (=X—-»
B
AU & R 0.241 0.094 0.147 0.066 0.152 -0.012  -0.193 0.134
Organic content (X;)
SR ] ]
Total nitrogen content (X,) 0.237 0.121 0.116 0.052 0.167 0.042 0.137 0.076
ERae B B 7
Full carbon content (X,) 0318 0.390 0.072 0.037 0.052 0.025 0.150 0.014
EE ) ) ] ) ) )
Total phosphorus content (X,) 0.055 0.105 0.160 0.011 0.049 0.091 0.007 0.016
WS i
Wi 2 B Alkalihydrolyzable ) o -0.272 0.468 0.067 0.061 0215 -0.003 0.128
nitrogen content (X;)
i e T .
3300k % & Rapidly available 0.224 0.259 -0.035 0.049 0.036 0.021 -0.007  -0.134

phosphorus content (X,)
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R 2 s, 585 Wsdsie
—3, FEEEE RS LR AR T H
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