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Abstract: The objectives of this study were to explore the characteristics and correlationships of soil and
leaf nutrients of Pinus massoniana plantations with different ages,and to provide theoretical references for
the efficient cultivation of P.massoniana plantations. Taking the P.massoniana plantations with different
ages (4-,9-,15-,19-,22-,30-,and 56-year-old) in Guangxi as the research objects,redundancy analysis and
structural equation were used to explore the influence of forest age on soil and leaf nutrients. The results
showed that forest age had a significant effect on soil and leaf nutrients. Among them,with the increase of
forest age,soil pH increased first and then decreased,the maximum value of pH was found in the middle-
aged plantations. The contents of organic carbon, total nitrogen, total phosphorus, alkali-hydrolyzable N

and available potassium, calcium, magnesium, zinc, and boron decreased first and then increased with U-
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shaped curves,and the minimum values were found in middle-aged-mature plantations. The contents of to-
tal potassium and available phosphorus showed W-shaped curves. The nutrient contents in the needles fluc-
tuated with age,the contents of carbon,nitrogen, phosphorus and potassium were the largest in overmature
plantations,calcium and zinc were the largest in middle-aged and mature plantations,respectively,and mag-
nesium and boron were the largest in young plantations. Leal potassium,calcium,magnesium,zinc,and bo-
ron were significantly and positively correlated with the corresponding elements in the soil. Soil organic
carbon,total nitrogen,available phosphorus and available potassium were sensitive factors that affected the
changes on leaf nutrients of P. massoniana. Soil available elements had significantly positive effects on leaf
nutrients, while soil organic carbon and total nutrients had significantly negative effects. In summary,there
are significant differences in the soil and leaf nutrients among different forest ages. After planting 15 years,
the soil and leaf nutrients of P.massoniana declined,especially due to the limitation of nitrogen and trace
elements. For middle-aged P. massoniana plantation, it was recommended to apply nitrogen fertilizer to
satisfy its healthy growth,supplemented with appropriate amount of trace elements to enhance plant pho-
tosynthesis and protein synthesis and stress resistance.

Key words: Pinus massoniana plantation; soil chemical property; leaf nutrient; structural equation model
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Table 1 Basic overviews of the plantation of P.massoniana in different stages of forest age

it /a stk s e 3 e /%*f*‘fm .o Mot

4 109°19'43. 89"E.23°3'0. 84"N 21 [liigE] 374 1968 8.10+0.67 5.19+1.13

9 109°19'58. 58"E,23°3'12. 69"N 22 (7] 422 1899 14,9320, 47 9.9041. 14

15 109°16'22. 34"E, 23°3'25. 14"N 22 K 301 1500 16.55+1. 25 14.0540. 76

19 109°14'31. 33"E, 23°6'42. 32"N 20 i) 298 1321 20.40+1.19 18.274+1.29

22 109°9"36. 87"E,23°3'11. 79"N 22 7] 312 1124 23.40+1. 34 22.27+1.02

30 109°9'33. 1"E,23°2'27. 29"N 18 (7] 355 925 32.92+1.23 28.49+1.38

56 109°9'22. 14"E, 23°3'14. 28"N 27 K 332 732 43.64+1.19 34, 65+1.07
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Table 2 Soil chemical properties of soils sampled under different forest ages in P. massoniana plantation

R 319 4a 9a 15 a 19 a 22 a 30 a 56 a

pH {H 3.98+0.03b 4.0140.02b 4.10£0.01a 4.02+0.04b 3.994+0.01b 3.88+0.03c 3.82+0.02c
FHLR/ (g kg D 22.8740.73a  18.5620.7c  15.6740.32d  10.90+0.5¢  13.2740.28d  18.9140.41c  20.720.9b
£ N/(g+ kgfl) 1.8240.06a 1.4540. 05bc 1.2740.02¢ 0.95+0.07d 1. 1840.02¢ 1.6840.09b 1.8340.04a
4 P/(g kg by 1.0540.05a 0.67+0.08c 0.5340. 04cd 0.46+0.04d 0.5240.03d 0.83+0.04b 1.1840.04a
£ K/(ge kgil) 20.3440.61a 13.8940. 87c 20.30+0.51a 16.64+0.47h 16.0240. 45b 13.11=x0. 6¢ 21.5740.27a
L fE N/ (g kgfl) 191.45+4.59a 142.27+2.83¢ 139.2+4. 21c 118.51+2.48d 109.2+5.31d  158.81+3.45bc  176.56+4,18b
HUP/ (g kg D 2.1040. 21a 1.10+0.07d 1.45%0.04c  2.0140.05b 1.55+0.11c  1.80+0.09b  2.16-0.04a
WAL K/ (g + kg by 46.54%0. 86a 40,.57+1.13b 36.80+1.47c 22.10%1. 30e 20.30+1. 3e 25.50+1.22d 29.29+1.73cd
AL Ca/(g kgil) 134.25+6. 54a 80,5544, 69cd 67.30+1.85d 50.10+3. 83e 69.4644.15cd  108.35+4.11b 88.42+5.58¢
Ak Mg/ (mg » kgfl) 12.55+0. 48a 10. 3340, 44b 8.05+0.56h 4.89+0. 20d 5.144+0.16d 6.46+0.49¢c 11.35+0. 46b
WAL Zn/(mg * kg I} 1.7040. 06a 1.6140.06b 1.2940. 10be 0.80+0.07c 0.96+0.04c 1.2440., 10bce 1.5640.07b
HA B/ (mg - kg ) 0.524+0.06ab  0.4240.06b  0.240.04c  0.3740.05b  0.40+0.05b  0.440.05b  0.62+0.06a

T R PR S 0 £ A 2 R TR B R R MR T 81 6] 25 53 5 2 (P<<0. 05) AR BER AR AT A RIS R E B %5 . TR,
3 AEANRRIERAIRTHFIRESHNTL
Table 3 Leaf nutrient concentrations under different forest ages in P. massoniana plantation

For 4a 9a 15 a 19 a 22 a 30 a 56 a
C/(g kg 491.70+6.62b  515.4243.76a  497.84+5.49ab  491.53+6.85b  505.85+4.68ab 493.69+7.01ab 518.53+2. 33ab
N/(ge kg ™) 15.2840.95bc  16.7940.45ab  17.7240.40a  11.57%0.44d  14.76+0.49c 146940 44c  18.26+0.47a
P/(g+ kgil) 0.78%0.01bc 0.8940.04b 0.69%0.03c 0.8840.05b 0.75+0.05¢ 0.7440.05¢ 1.20%£0.05a
K/(g+ kgfl) 6.0240.11c 6.08+0.13c 3.54+0.42¢ 5.0740.1d 3.5740.43e 8.09+0.49b 9.26+0.29a
Ca/(g* kg ) 9.2840. 30ab 5.86%0.56¢ 10. 4040, 49a 8.24+0.27h 8.73+0.46h 8.19+0.36h 5.294+0. 35¢
Mg/(g+kg ) 0.9840.07a 0.6020.02¢ 0.7020. 08bc 0.93%0.05a 0.7320. 05be 0.851£0. 05ab 0.6820. 06¢
Zn/(mg * kgil) 50.45+2.12b 35.51+1.81cd 42,5442, 06¢ 37.342.26cd 42.48+2. 41c 76.52+3. 20a 31.7+3.43d
B/(mg * kgfl) 19.47+0. 64a 18.24+0.47a 18.4140.5%a 16.5940. 39b 19.39+0. 81a 18.72+0.56a 18.56+0. 40a

#(0.69~0.75 g+ kg );K S ETE 30 a fl 56 a
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e s B
A S
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S (R W 0.33,0. 15 F1 0. 09) , 1 4+ 45
pH Fl 4 & 57 43 77 A T 1l 52 i (R 045 5l R
—0.60 Fl1—0.25) , & B B B A A T AR 9 4 109 b 1l
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M R I N — 0, H RS A TR K A A ObRi)
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SRV BT i 33 104 18] 422 2000 55 I 3 (P <<0. 05) , 1M
HAZRW A E (B 3. L b S %
S B AR ELAE e i v, o 9 A R A0 X B I R A
WA T IE M (RECH 0. 68) . 1 5 45 77 40 Al
A BB B it 55 43 & 17 AR T B ) 52 e (R AR )
F—0.76 Fl—0.41), H¥HA B FEHZ W (P <
0. 05), 1M +- 3 pH Xt & 57 23 A9 52 0 JF A8 1 2%
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Fig. 1 Heat map of correlation coefficients between leaf nutrient concentrations and soil chemical properties
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Fig. 2 Redundant analysis between leaf nutrients and soil chemical

properties in P.massoniana plantation
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Fig. 3 Standardized structural equation model of leaf nutrients and soil chemical properties under different

forest ages in P.massoniana plantation
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