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Table 1

Each of fertilization treatment amount, proportioning and the stand growth before fertilization

” .
ke bia ) s Wi/ Com) W/ (m) e
Qb B N/ P/ K/ g (kg » hm %) Breast i o
Treatment (kg » hm %) (kg + hm %) (kg+ hm %) |rce clement Lime/ diameter/ Tree Individual
g+ hm g+ hm g+ hm fertilizer/ k - hm ) Cem) height/(m) volume/
(kg * hm %) g * fim (m®)
T1 102. 4 72.03 64. 00 25.51 833.75 17.05+£3.19 10.80£1. 38 0.126 7+£0.050 9
T2 102. 4 72.03 64. 00 25.51 0 16.75+3.43 10.63*1.24 0.122 9+0.056 9
T3 102. 4 72.03 64. 00 0 0 16.11£3.09 10.53£1.32 0.113 0+0.051 3
T4 102. 4 72.03 64. 00 0 833.75 16.22+3.35 10.41£1.13 0.1132+0.050 9
T5 0 144. 06 0 0 833.75 17.01£3.63 10.47£1.16 0.124 6+0.055 8
CK 0 0 0 0 0 16.67 £3.53 10.40£1.16 0.119 1+£0.053 4

Note:nitrogen fertilizer, urea (N,46%) ; phosphate fertilizer, calcium-magnesium phosphate fertilizer (P,O;5.12%) ; potash fertilizer, potassium

chloride (KZ(),GO%) smicro-fertilizer is a water-soluble trace element fertilizer, and its effective ingredients are 37.34% boron,7.47% calcium,

3.73% zinc,1. 87% copper,0.19% molybdenum,0.11% iron,0.11% manganese,0. 19% magnesium and 0. 19% sulfur.
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Table 2 Effects of fertilization and resin harvest on the growth of P. massoniana
1o 7 e
harvest or not olume per-tree growth/(m”)
T1 Y 1.76 £ 0. 16Aa 2.13%£0.15Aa 0.047 8+ 0.004 6Aa
N 2.05+0.18Aa 2.21%0.25Aa 0.064 5+0.009 8Aa
T2 Y 1.42+0.23Ab 2.07+0.17Aa 0.040 2+0.004 1Abc
N 1.52+0. 28Aab 2.12+0.29Aab 0.049 6 +£0.007 3Ab
T3 Y 1.28 £ 0. 15Abc 1.48+ 0. 19Bb 0.038 0+0.001 2Bbc
N 1.43+0.13Ab 1.79%0.11Ab 0.047 4+0.012 7Abc
T4 Y 1.44£0.18Aab 1.90 £ 0. 06 Aab 0.042 1£0.004 8Aab
N 1.53+0.21Aab 1.92+£0.21Aab 0.050 8+ 0.010 2Ab
TS Y 1.85%0.13Aa 1.87+0.17Aab 0.043 4+0.002 3Aab
N 2.10%£0.12Aa 1.97£0. 28Aab 0.058 5+ 0. 008 5Aa
CK Y 1.19+0. 10Ac 1.46 £ 0. 13Bb 0.035 3+0.002 0Bc
N 1.28+0.18Ac 1.73£0.08Ab 0.042 2%0.003 7Ac

Note:different capital letters indicate significant difference between non-harvested and resin harvest tree of the same treatment (P <C0. 05) ,differ-

ent lowercase letters indicate significant difference between different fertilization treatments of the same target tree (P<C0. 05). Y indicates yes,N

indicates no.
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Different capital letters indicate significant differences between different resin harvest time in the same treatment (P<C0.05),
different lowercase letters indicate significant differences between different fertilization treatments in the same resin harvest time
(P<C0.05). """ P<C0.001.
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Fig. 1 Effects of different fertilization treatments and resin harvest time on resin yield of P.massoniana
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Table 3 Linear model analysis of the influence of fertilization and soil depth on soil chemical properties

] AR [R5 Rl F B2 ¥75 gLt i 2P
Variable Dependent variable Sum of squares df Mean square F-test P-value

Fertilization (F) pH value 0.763 5 0.153 57. 257 e

SOM 254,703 5 50. 941 101. 599 e

TN 1. 662 5 0. 332 53. 325 e

TP 0. 031 5 0. 006 56. 949 e

TK 162. 756 5 32.551 27.151 e

AN 39 877.076 5 7 975. 415 123. 441 e

AP 39.270 5 7. 854 63.111 e

AK 2 807. 356 5 561.471 93. 371 e

ACa 151 562. 952 5 30 312. 590 99. 524 e

AMg 13 405. 871 5 2 681.174 104. 737 e

Soil depth (S) pH value 0. 807 1 0. 807 302. 626 e

SOM 1 108. 890 1 1 108. 890 2 211. 637 e

TN 4.210 1 4.210 675. 338 e

TP 0.012 1 0.012 115. 103 e

TK 16. 538 1 16. 538 13.794 o

AN 8 299. 210 1 8 299. 210 128. 453 e

AP 39. 250 1 39. 250 315. 397 e

AK 4 190. 404 1 4 190. 404 696. 852 e
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£ S
Continued table
A8 P9 A -7 A o7 Geif it %
Variable Dependent variable Sum of squares df Mean square F-test P-value
ACa 91 457.746 1 91 457.746 300. 280
AMg 38. 403 1 38. 403 1. 500 ns
FXxS pH value 0.031 5 0. 006 2.299 ns
SOM 8.483 5 1. 697 3.384
TN 0.015 5 0. 003 0.475 ns
TP 0.002 5 0. 000 4.395
TK 2.102 5 0.420 0.351 ns
AN 6 585. 653 5 1317.131 20. 386
AP 26. 844 5 5. 369 43. 141
AK 43. 686 5 8. 737 1. 453 ns
ACa 4 074.718 5 814. 944 2.676
AMg 2 804. 857 5 560. 971 21.914

Note: " P<C0.05," " P<C0.01, """ P<C0.001,ns— P>0.05; SOM — soil organic matter, TN — total nitrogen, TP — total phosphorus, TK - total

potassium, AN — available nitrogen, AP — available phosphorus, AK — available potassium, ACa — available calcium, AMg — available magnesium.
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Different capital letters indicate significant differences between different soil layers in the same treatment (P<C0. 05) ; differ-
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Fig. 2 Effects of different fertilization treatments on soil chemical properties
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Table 4 Canonical correlation analysis between soil nutrient characteristics and the growth and resin yield of P. massoniana

P it
Item Statistics

The first canonical correlated coefficent 0.996(P =0.000)

The first canonical varients U, = - 2.011X, — 2.052X, + 0.362X, — 0.231X, + 0.922X, + 1.259X, + 1.032X, -

1.135X, — 0. 968X, + 2. 202X |,
W, =1.092Y, +0.22Y, — 0. 998Y, + 0. 436Y, — 0. 063Y; — 0. 323Y, — 0. 473Y,

0.995(P =0.007)

The second canonical correlated coefficent

The second canonical varients

U, = —2.239X, — 1.513X, + 0. 579X, — 1. 109X, + 0. 937X, + 1. 15X, + 1. 695X, —

1.806X, + 1. 111X, +0. 96X
W, =0.633Y, - 0.198Y, — 1. 639Y,, — 0. 32Y, + 0. 358Y; + 0. 809Y,, + 1. 407Y,

Note: X; — pH value. X, - SOM, X, - TN, X, - TP, X; - TK.X; - AN, X; - AP, Xy - AK, X, — ACa. X, — AMg;Y, — diameter growth of res-

in harvest tree,Y, — height growth of resin harvest tree,Y; — volume growth per plant of resin harvest tree,Y, — diameter growth of non-resin har-

vest tree,Y; — height growth of non-resin harvest tree.Y; — volume growth per plant of non-resin harvest tree,Y; — resin yield.
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Fig.4 Stepwise regression analysis between soil fertility comprehensive index and the growth and resin yield
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Short-Term Effects of Fertilization on the Growth. Resin Yield
and Soil Nutrient Characteristics of Middle-Aged Pinus masso-
niana Plantation

LI Peng', YAN Peidong' , YANG Zhangqi'* * , LING Tianwang” . LU Shaohao®, LU Shunxi’

(1. National Forestry and Grass Administration, Masson Pine Engineering Technology Research Center, Guangxi Masson Pine En-
gineering Technology Research Center, Guangxi Key Laboratory of Fine Timber Forest Resources Cultivation, Guangxi Zhuang
Autonomous Region Forestry Research Institute, Nanning, Guangxi,530002,China;2. Zhenlong Forest Farm of Hengzhou County,
Hengzhou,Guangxi,530327,China)

Abstract: In order to explore the comprehensive effects of inorganic fertilizer combined with micro-fertilizer
and lime on the growth,resin yield and soil nutrients of Pinus massoniana ,and to find out the best fertiliza-
tion treatment,a 10-year-old of P.massoniana concomitant timber and resin forest was used as the research
object. Six treatments were set up,including inorganic fertilizer + micro fertilizer + lime (T1), the combined

application of inorganic fertilizer + micro-fertilizer (T2) ,the single application of inorganic fertilizer (T3) ,the
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inorganic fertilizer + lime combined application (T4) ,calcium magnesium phosphate fertilizer + lime combined
application (T5) and no fertilizer application (CK). The changes of P. massoniana growth and resin yield and
their correlation with soil comprehensive fertility were analyzed. The best fertilization treatment was compre-
hensively evaluated by Nemero formula. The results showed that fertilization could significantly increase the
growth and resin yield of P. massoniana (P <0.05). Among them, T1 treatment had the most significant
effect on the height,volume growth and resin yield of P. massoniana ,and the DBH growth in T5 treatment
was the largest. The application of lime can significantly increase the soil pH value,and the combination of in-
organic fertilizer + micro-fertilizer (T1) can significantly increase the content of soil organic matter, total ni-
trogen, total potassium,alkaline hydrolysis nitrogen and available potassium. Combined application with calci-
um magnesium phosphate fertilizer (T5) can significantly increase the content of total phosphorus,available
phosphorus,available calcium and available magnesium. The comprehensive soil fertility performance was
T1>T4>T5>T2>T3>CK. Soil pH value,organic matter,available phosphorus,available potassium and a-
vailable magnesium were sensitive factors affecting the growth and resin yield of P. massoniana. The Soil
Fertility Index (SFI) was significantly positively correlated with the growth and resin yield of P. massoni-
ana.In summary,in the process of resin harvest in the middle-aged P. massoniana forest,in order to reduce
the impact of resin yield on P. massoniana growth,quickly supplement soil nutrients,and increase the growth
and resin production of P. massoniana ,it is recommended to apply inorganic fertilizer + micro-fertilizer +
lime, which has the best effect.

Key words: Pinus massoniana plantation; fertilization; growth; resin yield; soil fertility; canonical correlation

analysis
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