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ABSTRACT

Thinning is one of the silvicultural methods used to increase the productivity of a forest plantation that often
involves selecting trees to be removed based on their canopy class or spacing. This study investigated the effects of
different thinning intensities on the productivity and stem form of teak (Tectona grandis) spaced at 4 m x 4 m in a
private forest located in Mueang district, Uttaradit province, Thailand. A completely randomized block design was
applied with 3 experimental treatments: moderate thinning (40% basal area removal), heavy thinning (60% basal area
removal), and unthinned. Data collection was conducted 9 years after thinning. It was found that the stand density
in the unthinned plot was significantly higher than in the thinned plots. The average diameter at breast height over
bark (DBH) and the total tree volume (m?) were significantly higher in the thinned plots than in the unthinned plot.
However, tree height was not affected by thinning. The mean annual increment (MAI) based on the DBH for all trees
was significantly higher in the heavy-thinned plot compared to the unthinned plot. Calculation of the timber volume
indicated there were significant differences in the stand volume, volume increment, and total volume among the
plots. However, more trees in the unthinned plot were lost due to natural mortality than in the thinned plots.
Considering stem form, the live crown ratio was higher in the thinned plots than the unthinned plot, whereas the
slendermess ratio and artificial form factor were significantly lower in the thinned plots. In conclusion, thinning and its

intensity positively affected tree growth and improved tree stem form.
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Figure 1 Study site in Mueang district, Uttaradit province, Thailand
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Table 1 Stand density and stand basal area of teak under different thinning intensities.

Treatment
Stand Number of years
. L . Moderate Heavy p-value
characteristic after thinning Unthinned L. L
thinning thinning

Stand density Before thinning 615+9.61 586+19.86 579+34.53 0.229™
(tree ha™") Immediately after thinning 615+9.61° 310+25.40°  198+25.94°  <0.0001
1-year after thinning 602+25.24°  310+25.40°  198+25.94°  <0.0001
2-year after thinning 500+£56.50°  298+23.64°  196+23.64°  <0.0001

3-year after thinning 440+74.45°  284x26.10°  173x34.77°  0.00178"

d-year after thinning 025+86.81°  271x28.05°  169+32.88°  0.00398

5-year after thinning 425+86.81°  279+23.29°  180+28.87°  0.00435

6-year after thinning 421+79.90°  271%31.76°  177+31.09°  0.00378"

7-year after thinning 417+72.42°  271+31.76°  177+31.09°  0.00286

9-year after thinning 411+77.42° 267+25.24° 177+31.09° 0.00496"
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Table 1 (continued)

Treatment
Stand Number of years
. 4 . . Moderate Heavy p-value
characteristic after thinning Unthinned L L
thinning thinning

Stand basal area Before thinning 11.05+0.58 12.27+£1.28 11.44+1.69 0.522"™
(m*ha™) Immediately after thinning 11.05£0.87°  7.79+0.73° 4.81+0.87°  <0.0001"
1-year after thinning 11.56+0.32°  8.04+1.01° 5.02+0.85°  <0.0001

2-year after thinning 8.42+3.98 7.71+1.38 4.85+0.64 0.25™

3-year after thinning 10.27+1.98° 8.73+1.68" 5.42+1.35° 0.0319"

4-year after thinning 11.25+2.33 9.50+1.97 6.25+1.44 0.0512"™

5-year after thinning 12.19£2.51°  10.56x1.50°  7.27+1.38" 0.0454"

6-year after thinning 12.06+2.33°  10.42+1.21%*  7.42+151° 0.0449"

T-year after thinning 11.38+2.25 10.19+1.31 7.29+1.60 0.0708 ™

9-year after thinning 13.48+2.13 12.38+1.30 9.29+1.97 0.0728"™

Remarks: Values are represented as meanS.D. and values followed by lowercase superscripts signify individual
statistical differences among treatments at each measurement time. Treatments marked with different
letters are significantly different so marked * significant at 0.05 level (p<0.05), ** very significant at 0.01
level (p<0.01) *** highly significant at 0.001 level (p<0.001) and ™ not significant at 0.05 level (p>0.05).

Table 2 Mean DBH and mean height of teak under different thinning intensities.

Treatment
Stand characteristic Nurmber (,)f y.ears Unthinned Moderate Heavy p-value
after thinning Thinning Thinning
mean DBH Before thinning 15.44+0.47  16.57+0.87  16.08+0.80 0.248 ™
(cm) Immediately after thinning ~ 15.44+0.47  17.77+1.19  16.82+1.29  0.0883™
1 year after thinning 15.44+0.51  18.05+1.65  17.88+1.20  0.0683™
2 years after thinning 15.35+¢0.57  17.97+1.09  17.66+0.71  0.0683™
3 years after thinning 17.08+0.59 19.61+1.00 19.75+0.33 0.0564 ™
4 years after thinning 18.16+0.58°  20.88+1.12°  21.49+0.07° 0.0238"
5 years after thinning 18.87+0.75°  21.74+1.04°  22.70+0.33"° 0.0145
6 years after thinning 18.92+0.67 21.95+2.42 21.69+0.45 0.222"™
7 years after thinning 18.42+¢0.84  20.74+2.93  22.81+0.24 0.0853™
9 years after thinning 20.25+0.87°  23.28+3.06  25.76+0.39°  0.0212
mean height Before thinning 14.96+0.69 16.08+0.62 15.59+0.66 0.188™
(m) Immediately after thinning 14.96+0.69 16.58+0.75 16.19+0.59  0.0597 ™
1 year after thinning 15.16+0.75 17.58+1.11 16.89+1.04 0.0552"™
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Table 2 (continued)

Treatment
Number of years
Stand characteristic Moderate Heavy p-value
after thinning Unthinned
Thinning Thinning

2 years after thinning 16.11+£0.95 17.85+0.78 17.28+0.93 0.125™
3 years after thinning 16.35+0.61 17.90+0.40 17.23+1.45 0.131™
4 years after thinning 16.53+0.55 18.30+0.89 17.77+£1.36 0.152™
5 years after thinning 16.82+0.44 18.24+0.73 17.47+1.65 0.257™
6 years after thinning 17.72+0.10 18.50+1.28 18.41+1.59 0.612™
7 years after thinning 17.36+0.40 18.50+0.84 18.24+0.88 0.23"™
9 years after thinning 19.01£0.29  20.57+1.12  20.21+0.50 0.121™

Remarks: Values are represented as mean+SD. and values followed by lowercase superscripts signify individual

statistical differences among treatments at each measurement time. Treatments marked with different

letters are significantly different so marked * significant at 0.05 level (p<0.05) and ™ not significant at 0.05

level (p>0.05).
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Figure 2 Mean annual (a) DBH increment of all teak trees and (b) height increment of all teak trees at 9 years after

thinning

Remark: Treatments marked with different letters are significantly different (p<0.05).
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Table 3 Stand volume and mean stem volume of teak under different thinning intensities.

Treatment
Number of years
Stand characteristic Unthinned Moderate Heavy p-value
after thinning
Thinning Thinning

stand volume Before thinning 81.54+5.67 98.40+15.41 87.14+16.26 0.354™
(m>ha™) Immediately after thinning ~ 81.54+5.67°  59.48+14.40°°  37.56+7.40°  0.00479
1 year after thinning 88.46+10.34°  67.79+10.99° 41.08+8.74°  0.00353
2 years after thinning 79.25+2.48° 66.21+13.87° 40.50+6.63°  0.00509

3 years after thinning 79.05+£12.88 76.40+18.81 44.25+11.44 0.05"™

4 years after thinning 85.48+14.42 83.65+19.54 52.15+13.71  0.0766™

5 years after thinning 93.11+16.16 91.52+16.86 58.54+13.03  0.0571™

6 years after thinning 95.02+14.06 89.13+15.51 62.71+£16.23 0.859 ™

7 years after thinning 89.96+15.02 87.98+14.97 61.13+16.19  0.109™

9 years after thinning 114.65+16.51  116.58+16.19  84.79+22.26 0.14™

mean stem Before thinning 0.13+0.01 0.17+0.03 0.15+0.02 0.0755™
volume Immediately after thinning 0.13+0.01° 0.20+0.03° 0.19+0.03° 0.0207
(m” tree™) 1 year after thinning 0.14+0.02 0.22+0.05 0.21+0.04  0.0796™
2 years after thinning 0.15+0.02 0.22+0.03 0.21+0.03 0.0729™
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Table 3 (continued)

Treatment
Number of years
Stand characteristic Moderate Heavy p-value
after thinning Unthinned
Thinning Thinning
3 years after thinning 0.18+0.01 0.27+0.03 0.25+0.03 0.0617™
4 years after thinning 0.20+£0.02° 0.31+0.03" 0.31+£0.02°  0.0367
5 years after thinning 0.22+0.02° 0.33+0.03° 0.33+0.02° 0.0185
6 years after thinning 0.230.02° 0.33+0.05° 0.36+0.01°  0.0325"
7 years after thinning 0.22+0.02° 0.33+0.05" 0.35+0.01°  0.0286
9 years after thinning 0.29+0.02° 0.44+0.07° 0.49+0.00°  0.00456

Remark: Values are represented as mean=S.D. and values followed by lowercase superscripts signify individual

statistical differences among treatments at each measurement time. Treatments marked with different

letters are significantly different so marked * significant at 0.05 level (p<0.05), ** very significant at 0.01

level (p<0.01) and ™ not significant at 0.05 level (p>0.05).
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Figure 3 Mean annual (a) stand volume increment of teak increment under different thinning intensities at 9 years

after thinning and (b) total volume increment of teak thinned at difference intensities 9 years after thinning
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Table 4 Total stand volume (m® ha™) of teak under different thinning intensities.

Volume of Volume Current Total Mortality
Treatment
thinned trees of dead trees volume volume (tree hat)
unthinned 0.00 61.94 38.25 100.19 200
moderate thinning 13.13 4.56 37.81 55.56 31
heavy thinning 18.38 5.69 27.63 51.75 31
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Table 5 Stem form characteristics of teak under different thinning intensities

Treatment
Stand Number of years
Moderate Heavy p-value
characteristic after thinning Unthinned
thinning thinning
live crown before thinning 55.60+1.68 59.29+3.84 55.82+2.63 0.282™
ratio (%) immediately after thinning 55.60+1.68 60.00+5.01 57.59+2.94 0.386™
1 year after thinning 50.08+0.74°  60.09+2.23°  58.26+2.63° 0.027°
2 years after thinning 50.22+1.36°  60.52+0.80°  58.67+0.74° 0.0233
3 years after thinning 51.95+2.42 59.07+5.10 60.22+0.55 0.168™
4 years after thinning 56.13+8.36 62.44+3.39 65.67+1.80 0.172™
5 years after thinning 56.27+3.76°  61.86£3.76  66.25+3.47° 0.0347"
6 years after thinning 56.28+5.26 59.30+4.89 62.77+2.21 0.248™
7 years after thinning 50.87+1.35" 58.81+2.37° 60.64+2.20° 0.0242"
9 years after thinning 53.75+2.63°  63.56+2.04°  60.94+0.81°  0.00145
slenderness before thinning 98.46+3.02 98.65+1.06 98.81+2.21 0.885™
ratio (%) immediately after thinning 98.46+3.02 94.36+1.92 93.34+4.20 0.236™
1 year after thinning 99.55+1.79 98.26+3.06 95.20+3.14 0.368™
2 years after thinning 107.73+1.52°  100.57+1.99°  98.87+1.9" 0.0316
3 years after thinning 98.33+0.81° 92.17+2.66° 87.61+6.06" 0.0128"
4 years after thinning 94.67+1.47°  88.72+1.25°  83.02+¢7.11°  0.00292"
5 years after thinning 90.96+3.04° 85.04+1.39° 77.17+8.39°  0.00781"
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Table 5 (continued)

Treatment
Number of years
Stand characteristic Moderate Heavy p-value
after thinning Unthinned
thinning thinning
6 years after thinning 95.08+1.39°  84.69+2.09°  80.08+8.43°  0.00529
7 years after thinning 96.62+2.05°  86.37+3.09°  80.03+5.05°  <0.0001
9 years after thinning 96.39+2.05°  86.98£3.09"°  78.74x5.05°  0.00265
artificial before thinning 0.49+0.00 0.50+0.02 0.49+0.00 0.885™
form factor immediately after thinning 0.49+0.00 0.48+0.01 0.49+0.01 0.236™
1 year after thinning 0.49+0.00 0.48+0.01 0.47+0.02 0.368™
2 years after thinning 0.49+0.00° 0.48+0.01°  0.48+0.00®°  0.0332"
3 years after thinning 0.48+0.00 0.48+0.00 0.47+0.00 0.308™
4 years after thinning 0.48+0.00 0.48+0.02 0.47+0.00 0.609™
5 years after thinning 0.48+0.00 0.48+0.02 0.47+0.00 0.579™
6 years after thinning 0.47+0.01 0.47+0.00 0.46+0.00 0.178™
7 years after thinning 0.48+0.00° 0.47+0.00° 0.46+0.00° 0.011"
9 years after thinning 0.47+0.00° 0.46+0.00°  0.45+0.00" 0.011"

Remark: Values are represented as mean=S.D. and values followed by lowercase superscripts signify individual

statistical differences among treatments at each measurement time. Treatments marked with different

letters are significantly different so marked * significant at 0.05 level (p<0.05), ** very significant at 0.01

level (p<0.01) *** highly significant at 0.001 level (p<0.001) and ™ not significant at 0.05 level (p>0.05)
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