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Abstract

This study aimed to determine a method for restoring grasslands to forests in mountainous
areas. The study was conducted in an area damaged by trampling due to construction
activity and herding. Additionally, there were concerns of hindered tree growth due to the
alpine region climate, characterized by the low temperatures, drying, and strong winds.
Therefore, forest restoration treatments such as tillage, furrow, and shading were performed
to improve growth conditions. From July 2021 to April 2023, soil temperature and moisture
were monitored for each treatment plot, and changes in the initial growth and survival
rate of Abies holophylla were investigated. Both soil temperature and soil moisture showed
significantly higher values during the four seasons in the grassland-furrow treatment plot
(p < 0.05). Compared to the grassland-control plot, the average soil temperature in winter
was as high as 1.1°C, and the soil moisture in summer was as high as 20.3%. Additionally,
the survival rate and relative growth rate were the largest in the grassland-furrow treatment
plot. The survival rate was 87.5%, the relative growth rate in terms of height was 0.013,
and the relative growth rate in terms of diameter at root collar was 0.023, indicating that
furrow treatment had a positive effect on the initial survival and growth of seedlings. These
results suggest that furrow treatment may be an appropriate restoration method when
implementing forest restoration projects in areas where tree growth is challenged.

Keywords: forest restoration, furrow, relative growth rate (RGR), restoration
treatment, soil temperature and moisture
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Introduction
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Materials and Methods
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Fig. 1. Status of study site.
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Fig. 2. Detail designs of study site.

(@) (b)

Fig. 3. A figure of the treatments (a) tillage plot, (b) furrow plot, (c) shading net plot, (d) schematic diagram
of furrow plot.
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InS; —InS;

RGR = b @

o] 7] A, t,: Time one (in months)

t,: Time two (in months)

S;: Size at time one

S,: Size at time two
*unit:
- Tree height: In (cm)/month

- Root collar diameter: In (mm)/month

AP 240l 4] Shapiro-Wilk test@} Levene’s testS 51 2} Blo|ElE0] A7t S-2Ag0] §l3S Zlst3irt.
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J O 2 Dunn’s testE Al oto] 2 X 2]+ 7ke] fol/d & Eelskelt. B E A 42 R (version 43.0,R
https:/www.r-project.org/)= °]-85F -2 45 005014 435} Th

Results and Discussion
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o)t 2ol & e A] ¢4t Th(p > 0.05). 74&0ll= GColl HIsl| GF} TRl A -2l n]oHA] 2 EFR =7 LEt
H2H(p <0.05), §3] GF] EF25=713°C £7 e Aol EFR=E FAI5H7] flsliAe =371 A4
7|&o] gatAQl Z1 o & e,
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29| H3HE QPYSHA| 7] 2 (Wang et al, 2011), 2 EG2EE 7HIth= A3 Aot Ax|ot= AoE Btk
(Zhou et al., 2009) (Table 1; Fig. 4).
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Table 1. Max, min, mean, median and standard deviation (Std) of soil temperature (°C) for six treatment plots

in four seasons.
Type of Spring Summer
treatment plot Max Min Mean Median Std Max Min Mean Median Std
GC 16.1 -3.6 2.6 0.6 4.1 244 99 18.8 19.6 2.8
GF 222 43 36 1.9 45 26.5 10.8 194 20.0 2.6
GS 173 4.1 24 0.5 4.1 27.0 9.7 18.8 19.3 3.0
TC 212 -6.0 3.8 2.8 5.1 272 9.3 19.0 19.3 29
TF 163 5.1 25 0.2 43 25.7 9.7 18.6 192 2.8
TS 22.1 -5 40 2.6 5.1 304 9.8 194 19.7 32
Type of Autumn Winter
treatment plot Max Min Mean Median Std Max Min Mean Median Std
GC 19.0 -0.2 93 8.1 438 1.5 -85 2.7 2.5 1.8
GF 19.3 -0.2 9.7 89 49 2.6 -8.0 -1.6 -14 1.9
GS 192 -0.6 8.8 7.8 49 09 9.1 3.0 2.8 1.8
TC 19.0 -1.5 8.7 7.7 5.0 0.8 -10.1 3.1 2.8 2.0
TF 175 -02 8.8 7.6 43 19 -85 2.6 23 2.0
TS 19.7 -1.8 8.8 79 5.1 0.7 -10.8 -33 29 22

GC, grassland-control; GF, grassland-furrow; GS, grassland-shading net; TC, tillage-control; TF, tillage-furrow; TS, tillage-shading net.

(a) Spring (b) Summer
. 30
20
25
g g
40 K
: 3 -
£ £
2 2
o 15
10 .
GC GF GSs TC TF T8 GC GF GS TC TF TS
Treatment Treatment
(c) Fall (d) Winter
20
15 0
g g
79’10 E
g g
£ £
g5 2
-8 I '
0 ' I
GC GF GS TC TF TS GC GF GS TC TF TS

Treatment Treatment

Fig. 4. Boxplots for soil temperature of six treatment plots in four seasons: Median, lower and upper
quartile, whiskers = 1.5 interquartile length, dots = outliers > 1.5 interquartile length. GC, grassland-control;
GF, grassland-furrow; GS, grassland-shading net; TC, tillage-control; TF, tillage-furrow; TS, tillage-shading
net.
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Fig. 5. Boxplots for soil moisture of six treatment plots in four seasons: Median, lower and upper quartile,
whiskers = 1.5 interquartile length, dots = outliers > 1.5 interquartile length. GC, grassland-control; GF,
grassland-furrow; GS, grassland-shading net; TC, tillage-control; TF, tillage-furrow; TS, tillage-shading net.
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stoh Za}r| Aol @ s Al-o)A HHbA 0 2 =2 EQFS T UEHGTE 5 EQRR = Aute} npirx]
2 GF7FTFETH Y 2 EYE T 237t e, 422 37 Aldlshs A Bt Zub7|Th A|gshs Zlo] &2
EYEEE Aokt o 234 A 721 o & Tk THTable 2).

Table 2. Max, min, mean, median and standard deviation (Std) of soil moisture (%) for six treatment plots in
four seasons.

Type of Spring Summer
treatment plot Max Min Mean Median Std Max Min Mean Median Std
GC 63.5 0.0 14.8 119 12.0 384 40 14.8 14.9 43
GF 50.6 39 282 33.1 16.1 43 159 35.1 36.1 4.6
GS 492 29 192 159 13.6 402 44 14.5 14.6 37
TC 62.0 54 223 23.1 11.6 43.1 6.6 223 23.6 5.7
TF 65.6 35 144 14.9 9.1 455 4.0 18.7 19.2 5.8
TS 52.7 4.0 20.1 19.2 122 449 45 19.3 20.5 6.3
Type of Autumn Winter
treatmentplot ~ Max Min Mean Median Std Max Min Mean Median Std
GC 343 8.9 17.3 17.0 39 227 0.0 43 35 32
GF 455 302 39.5 39.6 27 449 23 10.1 6.1 114
GS 29.7 9.6 17.7 174 33 258 0.0 42 3.1 3.7
TC 425 92 23.8 23.6 43 29.7 44 7.7 6.6 38
TF 46.1 15.6 239 23.1 4.0 30.2 0.0 7.0 48 59
TS 455 5.0 228 23.6 5.0 30.2 0.0 6.0 48 43

GC, grassland-control; GF, grassland-furrow; GS, grassland-shading net; TC, tillage-control; TF, tillage-furrow; TS, tillage-shading net.

2| B A0S B mhefstaxt EYE e dAadt dad Wt diee 2451 1thFig. 6).

(a) Soil moisture reduction value (b) Soil moisture reduction rate
Fee— 0
351
_ S
X 301 2
o o
2 5
2 5= -10
O 251 ]
[0)
[v'4
“ \ "
0 t6 t12 t8 t24 130 t36 42 148 0 t6 t12 t18 t24 130 36 t42 148
Time (hour) Time (hour)
== GC === GF === GS = GC === GF === GS
Treatment Treatment
= TC =— TF =— TS = TC =— TF =—— TS

Fig. 6. Post-rainfall soil moisture reduction pattern of value (a) and rate (b) for six treatment plots in April
to October. GC, grassland-control; GF, grassland-furrow; GS, grassland-shading net; TC, tillage-control; TF,
tillage-furrow; TS, tillage-shading net.
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2/ oF 1dxt A= g o] vl Fofst e 2|9 9] 3t &t At vl wA st A o 2 whohE ) X2
T 225 H|w- B Ay 7|0l B 2R GCollA = 77.5%2] E&FEo] Yebgom 2pgak-S A TS
(50%), GS (65%)°ll A gth& o 2 w2 4220 Zrzbo] UebdT) §FH Zu17| & A3 GE, TFoll A+ & 22 2
T 87.5%2] =2 &2hE A7} Upebstth 420 Al9S TCo M & 80% 2, GCELH 52 E&FE0| eyttt ofof

2 29 opgx] B20) 7] 3 7E ol Ay uto] 247 3%, Tupy] 7140l AR L nW Aoz B
Tt Tes] e RS o, Bl 2 288 F o R BoEA Aeut e 8el 7|4 BeHo
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WCH(Table 3).

Table 3. Survival rate of Abies holophylla in 3rd year of implementation of restoration treatment (number

of tree [%)]).

Ttem GC GF GS BC BF BS Total
Container seeding 14.(70.0) 17(85.0) 9(450)  15(750) 18(90.0) 5250)  78(65.0)
Bare root seeding 17(85.0) 18 (90.0) 17(850)  17(85.0) 17 (85.0) 15(750) 101 (84.0)
Total 31(77.5)  35(875) 26(650)  32(775)  35(87.5) 20(500) 179 (74.5)

GC, grassland-control; GF, grassland-furrow; GS, grassland-shading net; TC, tillage-control; TF, tillage-furrow; TS, tillage-shading net.
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(a) Tree height (b) Diameter at root collar.
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Fig. 7. Relative growth rate analysis results (a) Tree height, (b) Diameter at root collar. RGR, relative growth
rate; GC, grassland-control; GF, grassland-furrow; GS, grassland-shading net; TC, tillage-control; TF, tillage-
furrow; TS, tillage-shading net.

Conclusion
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