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INTRODUCTION TO BAN MEH MEH RESTORATION SITES 
2000 AND 2021

Objectives: -

· to plant sufficient trees indigenous to bamboo-deciduous forest to restore the forest ecosystem;
· to offset the school’s carbon footprint (estimated[footnoteRef:1] at about 97 tC or 355 tCO2) over 14 years, as the trees grow. [1:  Jantawong, K.; Kavinchan, N.; Wangpakapattanawong, P.; Elliott, S. Financial Analysis of Potential Carbon Value over 14 Years of Forest Restoration by the Framework Species Method. Forests 2022, 13, 144. https://doi.org/10.3390/f13020144] 

· to provide environmental education opportunities for the school’s pupils. 

Planting-site description and map
Both plots are located within Doi Suthep-Pui National Park, on the north side of highway 1096 at Ban Meh Meh. The site entrance is at N 18.901472° E 98.882392° at 527 m. above sea level. A family, housed next to the entrance point, had practiced agriculture on the site for about 3-4 years previously. Consequently, this family were stakeholders in the project and involved in project planning. They also contributed to maintenance of the plot and, most importantly, fire prevention and assisting staff with the smooth implementation of the project.

The 2020 and 2021 sites were originally densely covered in tall grasses (Phragmites, Imperata, Thysanolaena etc.) with scattered tall trees and a few shrubs. Bamboos dominated the mid-slopes. Forest, remaining adjacent to the site, is degraded bamboo-deciduous forest (formerly teak forest) (sensu Maxwell and Elliott, 2001).

Rapid Site Assessment

Usually, a ground survey is performed, to determine i) initial density of natural regenerants (seedlings/saplings/adult trees and live tree stumps) and ii) identify tree species already present on the restoration site. However, the COVID situation in early 2020, prevented such an assessment at that time (therefore only a drone survey to produce the map was included in the budget). Furthermore, since the aim was to plant 1,000 trees and the area was more than large enough, the strategy was to start planting trees from the lower site edge, working upwards until all 1,000 trees had been planted 1.8 m apart or 1.8 m away from any natural regenerants found on planting day. This would achieve optimum stocking density without a regular pre-planting ground assessment. The same procedure was followed in 2021 but this time, planting 300+ trees, evenly spaced across the site at least 1.8 m away from any pre-existing natural regenerants.


Figure 2: Orthomosaic overview of the sites of pre-planting, using Pix4D mapper demo combine 387 images,  taken by DJI Phantom 4 Professional Drone did flight planning at altitude 80 metres above ground
Figure 1: the 2020 and 2021 plot maps and route to site (below)


Site preparation

Metal poles were placed to mark the 2020 plot boundary on 10/6/20. Seedlings were transported to plot entrance and natural regenerants were marked with bamboo poles on 14/6/20, before slashing weeds on 15/6/20, over approximately 3 rai. Paths were cut for easy access onto the site. Bamboo poles were place, to mark tree-planting points 1.8 m apart (or the same distance from natural regenerants). Holes were dug approximately 30 x 30 cm. Site preparation was done by FORRU-CMU staff, manpower from Mae Ram Subdistrict Municipality and local villagers on 15/6/20. 

In 2021, due to requested budget cuts, more site preparation was performed on planting day.  Weed slashing was performed 5 days before planting, but staking with bamboo poles was performed early on planting day by FORRU staff, who also did hole-digging, in advance of the arrival of the CDSC group, with some help from rangers from Mae Sa Waterfall Unit and BMM villagers. 

Planting

In 2020, tree planting was carried out on 16th June, in collaboration with CDSC pupils and teachers, national park officers, Mae Ram Subdistrict Municipality and the local community of Ban Meh Meh, with additional support from Christliche Deutsche Schule Chiang Mai (CDSC) (in terms of food transport etc.). After planting, 100 gm of fertilizer was applied in a ring about 20-30 cm away from each tree stem. 

Similarly for the 2021 plot, planting day was 11st June. Saplings were transported to the entrance spot 3 days before with help from the Pong Khrai Watershed Unit crew. 

The following planting equipment and materials for both years planting events were organized in advance by FORRU-CMU, the lists showed down below
· Baskets to distribute saplingsFigure 3: Planting Day 2020 ceremony, head of Maesa waterfall unit gave speech to planters

· Hoes for hole-digging
· Knives – for cutting plastic bags
· Gloves
· Fertilizer + buckets and cups
· Bamboo poles
· First aid kit

Ceremonies and speeches for both events were organized by CDSC. 

The exact area planted was assessed, after all the trees had been planted: 1,016 trees on the 2020 plot across almost 3 rai of the site and 376 trees on the 2021 plot across 1 rai.

Tree species provisional planting list 

From CDSC school nursery, 216 trees were transferred to the site. The rest – 21 species, totaling 800 trees were produced in a community tree nursery at the nearby Hmong village of Ban Mae Sa. So, the total number of trees planted was 1,016 trees. Before planting day, all trees were labelled with aluminium tags, engraved with identification numbers. Label numbers included species (S.no.), and tree number, example the 1st tree of Protium serratum, label is 131-1. For the 2021 project, most trees were supplied from Pong Khrai watershed unit: 16 species. Ban Mae Sa Mai tree nursery, supplied 66 trees of 8 species differently (see tables 1 & 2)




Table 1 – Species and numbers planted of 2020 project

	No
	S.no
	Species
	Family
	Thai name
	CDSC nursery

	1
	131
	Protium serratum
	Burseraceae
	มะแฟน
	8

	2
	162
	Mesua ferrea
	Guttiferae
	บุนนาค
	20

	3
	41
	Cassia bakeriana
	Leguminosae(C)
	กัลปพฤกษ์
	23

	4
	66
	Choerospondias axillaris
	Anacardiaceae
	มะกอกห้ารู
	45

	5
	183
	Terminalia chebula
	Combretaceae
	สมอไทย
	120

	Total CDSC
	216

	No
	S.no
	Species
	Family
	Thai name
	BMSM nursery

	1
	26
	Dalbergia cultrata
	Leguminosae (P)
	กระพี้เขาควาย
	20

	2
	22
	Ficus capillipes
	Moraceae
	กะเหรี่ยง
	25

	3
	36
	Phyllanthus emblica
	Euphorbiaceae
	มะขามป้อม
	25

	4
	65
	Xylia xylocarpa
	Leguminosae(M)
	แดง
	25

	5
	91
	Gluta usitata
	Anacardiaceae
	รัก
	25

	6
	131
	Protium serratum
	Burseraceae
	มะแฟน
	25

	7
	133
	Afzelia xylocarpa
	Leguminosae(C)
	มะค่าโมง
	25

	8
	216
	Eriobotrya bengalensis
	Rosaceae
	ตะเกราน้ำ
	25

	9
	241
	Eugenia fruticosa
	Myrtaceae
	หว้าขี้กวาง
	25

	10
	255
	Trewia nudiflora
	Euphorbiaceae
	มะฝ่อ
	25

	11
	5
	Melia toosendan
	Meliaceae
	เลี่ยน
	50

	12
	118
	Adenanthera microsperma
	Leguminosae(M)
	มะกล่ำตาไก่
	50

	13
	121
	Careya arborea
	Lecythidaceae
	กระโดน
	50

	14
	129
	Artocarpus lakoocha
	Moraceae
	หาด
	50

	15
	161
	Alangium kurzii
	Alangiaceae
	ฝาละมี
	50

	16
	195
	Terminalia bellirica
	Combretaceae
	สมอพิเภก
	50

	17
	323
	Erythrina stricta
	Leguminosae(P)
	ทองเหลือง
	50

	18
	425
	Spondias lakonensis
	Anacardiaceae
	มะห้อ
	50

	19
	449
	Bauhinia variegata Linn.
	Leguminosae (c)
	เสี้ยวดอกขาว
	50

	20
	450
	Polyalthia viridis
	Annonaceae
	ยางโอน ยางพาย
	50

	21
	13
	Sapindus rarak
	Sapindaceae
	มะซัก
	55

	Total FORRU
	800

	TOTAL ALL
	1,016









Table 2 – Species and numbers planted of 2021 project

	No
	S.no
	Species
	Family
	Thai name
	PKWU nursery

	1
	3
	Garcinia xanthochymus 
	Guttiferae
	มะดะหลวง
	20

	2
	4
	Bischofia javanica 
	Euphorbiaceae
	ประดู่ส้ม หรือ เติม
	20

	3
	31
	Acrocarpus fraxinifolius 
	Leguminosae(C)
	สะเดาช้าง
	20

	4
	36
	Phyllanthus emblica 
	Euphorbiaceae
	มะขามป้อม
	20

	5
	41
	Cassia bakeriana
	Leguminosae(C)
	กัลปพฤกษ์
	30

	6
	120
	Garcinia cowa Roxb. 
	Guttiferae
	ชะมวง
	20

	7
	129
	Artocarpus lacucha
	Moraceae
	มะหาด
	20

	8
	170
	Canarium subulatum
	Burseraceae
	มะกอกเกลื้อน
	20

	9
	195
	Terminalia bellirica
	Combretaceae
	สมอพิเภก
	20

	10
	232
	Dipterocarpus turbinatus
	Dipterocarpaceae
	ยางแดง
	20

	11
	233
	Baccaurea ramiflora
	Euphorbiaceae
	มะไฟ
	20

	12
	277
	Paranephelium xestophylum
	Sapindaceae
	ลำไยป่า
	20

	13
	415
	Hopea odorata
	Dipterocarpaceae
	ตะเคียนทอง
	20

	14
	448
	Syzygium odorata
	Myrtaceae
	หว้า
	20

	15
	449
	Bauhinia variegata
	Leguminosae(C)
	เสี้ยวดอกขาว
	20

	16
	500
	Magnolia rajaniana
	Meliaceae
	จำปาป่า
	20

	Total Pong Khrai watershed unit
	310

	No
	S.no
	Species
	Family
	Thai name
	BMSM nursery

	1
	3
	Garcinia xanthochymus 
	Guttiferae
	มะดะหลวง
	1

	2
	41
	Cassia bakeriana 
	Leguminosae(C)
	กัลปพฤกษ์
	26

	3
	120
	Garcinia cowa 
	Guttiferae
	ชะมวง
	2

	4
	195
	Terminalia bellirica 
	Combretaceae
	สมอพิเภก
	1

	5
	233
	Baccaurea ramiflora 
	Euphorbiaceae
	มะไฟ
	1

	6
	415
	Hopea odorata 
	Dipterocarpaceae
	ตะเคียนทอง
	33

	7
	449
	Bauhinia variegate 
	Leguminosae(C)
	เสี้ยวดอกขาว
	6

	8
	500
	Magnolia rajaniana 
	Meliaceae
	จำปาป่า
	1

	Total FORRU-CMU
	66

	TOTAL ALL
	376
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Drone maps post-planting of BMM CDSC 2021 plot 
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Maintenance
FORRU staff organized maintenance of the trees at both plots – weeding and fertilizer application – 3 times in the first rainy season and 3 times follow up during second rainy season (total 6 times for each plot by the end of 2nd rainy season). This work was mostly done by local villagers with CDSC pupils joining in the 3rd operation 19/10/20). FORRU staff also joined all maintenance activities, to ensure quality control (for dates see Appendix III). To reduced transport/staff costs, maintenance events at both plots were combined (for Y2 or 2020 and Y1 or 2021) (see in Appendix IV). 
Monitoring
Post-planting baseline monitoring 
FORRU staff organized baseline monitoring 2 weeks after planting, 8/7/2020 for 2020 plot and 25/6/2021 for 2021 plot. In both plots, tree height was measured with 1.5-m tape measures on plastic poles, from the base of the trunk to the highest living meristem. Root collar diameter was measured with Vernier calipers at the widest point. A tape measure was used to measure the width of the crown’s widest point. A simple health score of 0-3 each tree was applied (3=perfect or nearly perfect health; 2= some signs of damage but retaining healthy foliage over half or more of their crowns; 1= trees have few leaves, leaves discoloured or severe insect damage; 0 if the tree appears to be dead).  A weed-cover score was applied to circles of about 1-m diameter around the base of the tree (3= weed cover dense across entire circle; 2= weed cover moderate; 1= only a few weeds and 0= no weeds). Initial size measurements provided a baseline against which for growth during the 1st rainy would be assessed. 
Immediate post-planting mortality assessed during baseline monitoring and confirmed in subsequent monitoring (for any sapling not found during baseline monitoring) was 6 (0.6%) for the 2020 plots and none for the 2021 plot (trees not found during the baseline were subsequently confirmed alive during the subsequent R1 survey). Height, RCD, crown width, health score, shade score and weed score were recorded of 2020 plot

RESULTS
THE 2020 PLOT
End-of-1st-rainy-season monitoring (R1) of 2020 plot
After 3 times plot maintenance, over the 1st rainy season, monitoring was repeated on 9th November 2020, measuring the same variables, and using the same methods as described for baseline monitoring.
Over the whole 3-rai, 87 had died (8.6% mortality) - this is a low R1 mortality rate, compared with FORRU-CMU’s other trial plots. 
Differential mean % survival among species are shown below. The top 5 for survival were 1) A. xylocarpa, 2) B. variegata, 3) M. toosendan, 4) E. fruticosa and 5) S. rarak. Species with lowest survival were 1) C. bakeriana, 2) C. axillaris 3) E. stricta, 4) M. ferrea and 5) A. kurzii.Figure 11: Tree survival R1 of 2020 plot

Relative growth rate of root collar diameter (RGR-RCD) is a measure that allows standardized comparison of growth rates among species of different initial sizes. It expresses annual size increase as a percentage of the average size of the plant throughout the measurement period (mm growth/mm size/year, as a per cent). Changes in size from baseline monitoring to R1 monitoring (5 months) are extrapolated to arrive at a standardized annual figure.
Almost all species exceeded 100% RGR-RCD i.e., such species are expected to initially double in size each year (until competition limits growth of the larger trees). For 9 species, RGR-RCD exceeded 200% i.e., those species could be expected to more than triple in size each year e.g., B. variegata, T. chebula, F. capillipes, C. axillaris and E. stricta and especially M. toosendan (466% RGR-RCD). Furthermore, species that had lowest RGR-RCD, were still classed as “acceptable” at this site (acceptable limit is arbitrarily 50%, derived from previous plots). This is exceptionally high growth compared with FORRU’s previous plots and may have [image: ]been due to the high fertility of this previous cultivated agricultural plot.

Figure 12: Tree growth R1 of 2020 plot

Figure 13: Extraordinary rapid growth of Melia toosendan at this site (2020 plot) end of 1st rainy season.

[bookmark: _Hlk94193999]Relative species performance index combines survival and growth as being equally important (equal weight) (%survival x %RGR-RCD). Scores are expressed as a percent of that of the top-most performing tree species (in this case M. toosendan) and the species are ranked thereby. So, the score is a “relative” performance index.Figure 14: Relative species performance index R1 of 2020 plot


M. toosendan was an exceptionally high-performing species which severely skewed the relative performance chart (other species all less than 50% of the value for Melia). So, if the second-best species is used as comparison (Phyllanthus, 46), then any species scoring 23 or higher is considered “acceptable “and those scoring 34 or higher would be considered “excellent”[footnoteRef:2]. [2:  Elliott, S., P. Navakitbumrung, C. Kuarak, S. Zangkum, V. Anusarnsunthorn & D. Blakesley, 2003. Selecting framework tree species for restoring seasonally dry tropical forests in northern Thailand based on field performance. Forest Ecology & Management 184: 177-191] 


End-of-2nd-rainy-season monitoring (R2) of 2020 plot

FORRU-CMU staff and volunteer group did monitor during the weekend of 27th November 2021, applying the same measuring methods and variables as for baseline and R1 monitoring. A total of 174 were confirmed dead or probably dead (not found but with very low health score recorded during R1 monitoring). This amounts to 17% mortality, again lower than is usually recorded in FORRU’s previous plots. 

Species showing excellent survival rates (>75%) were: M. toosendan, P. emblica, A. microsperma S. rarak, C. arborea, E. bengalensis and B. variegata. Those species with unacceptably low survival, which would be excluded from further planting in this habitat were M. ferrea, and C. bakeriana, with just 5 and 12% survival, respectively. Comparing R1 and R2 survival, A. xylocarpa showed the most substantial drop in survival in the second year (100% in R1 dropping to 72% in R2). G. usitata (survival 88% falling to 66%) also experienced unusually high mortality in the second year.

[image: ]Figure 15: Tree survival R2 of 2020 plot
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Figure 16: Relative growth rates by species R2 monitoring of the 2020 plot

As expected, RGR values in the second year were lower than in the first year (since growth is logistic). M. toosendan retained is position as the fastest growing species (annual doubling in size) with E. stricta, C. bakeriana and C. axillaris not far behind, also achieving a near annual doubling of size in the 2nd year. Only 3 species failed to achieve the acceptable standard of 50% RGR2 by R2: G. usitata, A. xylocarpa and M. ferrea.
In terms of overall performance M toosendan emerges again out as clearly the best performing species. But again, it skews the bar chart. So, if the second top-most performing species is taken as the max standard (A. microsperma, 68) we see that 10 species fall short of the 50% “acceptable” value (i.e., 34). Figure 17: Relative species performance index R2 of 2020 plot


Conclusions
The recommended “excellent” species to restore bamboo-deciduous forest to this site are: X. xylocarpa, P. emblica, E. bengalensis, T. nudiflora, B. variegata, A. microsperma and M. toosendan. Also acceptable are T. bellirica, D. cultrata, E. fruticosa, P serratum, F. capillipes, C arborea, A lakoocha and S. rarak. The exceptionally high survival and growth rates recorded on this site may be attributable to residual soil fertility from agricultural use of the site.


THE 2021 PLOT
End-of-1st-rainy-season monitoring (R1) of 2021 plot
[image: ]End- 1st-rainy-season monitoring was performed on 17th November 2021.
Figure 18: Tree survival R1 of 2021 plot


During planting in 2021 some trees were moved to the 2020 plot (due to small plot size) leaving 337 trees to be included in R1 monitoring on the 2021 plot. During R1 monitoring, 37 dead or probably dead trees were reported (the latter, not-found trees with low health scores recorded during baseline monitoring) i.e., a % overall mortality of 11%. The top highest surviving species were T. bellirica (100%), M. rajaniana and B. ramiflora (90%), G. xanthochymus and B. variegata (80%). The lowest surviving species were B. javanica (45%), A. fraxinifolius (50%) and P. xestophylum (55%).
All species exceeded acceptable RGR-RCD rates (>50%/y) with C. bakeriana attaining an astonishing 390% per year. It is interesting to note that two species among those with the highest survival rates had the lowest growth rates: G. xanthochymus (61%) and T. bellirica (60%). This lends credence to the widely accepted ecological theory of a trade off between survival and growth for tropical forest trees.

Figure 19: Trees growth 2021 plot

Figure 20: Relative species performance index 2021 plot















[bookmark: _Hlk108363555]In terms of combined overall performance C. bakeriana was the outlying highest ranked species. Therefore, if we compare to the second highest ranked species (M. rajaniana, 58), we see most species in this plot are rather lower-performing (less than half the value of M. rajaniana, i.e., <29): D. turbinatus, G. cowa, S. cumini, P. xestophylum, C. subulatum, T. bellirica, B. javanica, G. 
Conclusions
This plot exemplifies the tremendous variability that occurs from year to year, with C. bakeriana ranking so highly on the 2021 plot and so low in the 2020 plot. Likely high performing species include A. lakucha, B. variegata, H. odorata, B. ramiflora, M. rajaniana and C. bakeriana. B. variegata is confirmed high performing in both the 2020 and 2021 plot
image2.jpeg
BMM CDSC Restoration Plots 2020 and 2021

Google Earth





image3.png




image4.png
st





image5.jpeg
BMM CDSC Restoration Plots 2020 and 2021

Google Earth





image6.png




image7.png




image8.png




image11.png
13/6/20 before i 16/6/20 after
weeding s o planting





image12.png




image13.jpeg




image14.jpeg




image15.jpeg




image16.jpeg




image17.jpeg




image18.jpeg




image19.png
SURVIVING OF PLANTED TREES

Cassia bakeriana 30
Choerospondias axillaris 33
Erythrina stricta 48
Mesua ferrea 60
Alangium kurzii 66
Spondias lakonensis 74
Xylia xylocarpa 76
Terminalia chebula 78
Protium serratum 79
Terminalia bellrica 80
Eriobotrya bengalensis 80
Careya arborea 84
Ficus capillpes 84
Artocarpus lakoocha 86
Gluta usitata 88
Trewia nudifiora 88
Phyllanthus emblica 88
Polyalthia viridis 90
Dalbergia cultrata 90
Adenanthera microsperma 90
Sapindus rarak 91
Eugenia fruticosa 92
Melia toosendan 94
Bauhinia variegata 9%
Afzelia xylocarpa 100

0 20 40 60 80 100
Percentage of tree survival





image20.png
SURVIVING OF PLANTED TREES

Cassia bakeriana 30
Choerospondias axillaris 33
Erythrina stricta 48
Mesua ferrea 60
Alangium kurzii 66
Spondias lakonensis 74
Xylia xylocarpa 76
Terminalia chebula 78
Protium serratum 79
Terminalia bellrica 80
Eriobotrya bengalensis 80
Careya arborea 84
Ficus capillpes 84
Artocarpus lakoocha 86
Gluta usitata 88
Trewia nudifiora 88
Phyllanthus emblica 88
Polyalthia viridis 90
Dalbergia cultrata 90
Adenanthera microsperma 90
Sapindus rarak 91
Eugenia fruticosa 92
Melia toosendan 94
Bauhinia variegata 9%
Afzelia xylocarpa 100

0 20 40 60 80 100
Percentage of tree survival





image21.png
RELATIVE GROWTH RATE OF ROOT COLLAR DIAMETER

Cassia bakeriana
Polyalthia viridis

Afzelia xylocarpa
Dalbergia cultrata
Mesua ferrea

Gluta usitata

Artocarpus lakoocha
Adenanthera microsperma
Careya arborea
Eugenia fruticosa

Xylia xylocarpa
Terminalia bellrica
Sapindus rarak

Trewia nudifiora

Protium serratum
Eriobotrya bengalensis
Bauhinia variegata
Spondias lakonensis
Terminalia chebula
Phyllanthus emblica
Alangium kurzii

Ficus capillpes
Choerospondias axillaris
Erythrina stricta

Melia toosendan

77
77
m—— g7
m—— 87
[— 11

—————, Q)

115

[ —————— 11
e ——— 44
———— 44

[ ——————— T3

S ————— 1 66

e —————. 177

184
e ——— 91
e —————, 199
T ——————— 208,
e —————————— A

223

229

231
234

251

332

0 100 200

Annual percentage of increain;

300 400
g size from average size

466
500




image22.png




image23.png




image24.png
Cassia bakeriana
Mesua ferrea

Polyalthia viridis
Dalbergia cultrata

Gluta usitata
Choerospondias axillaris
Afzelia xylocarpa
Artocarpus lakoocha
Xylia xylocarpa

Careya arborea
Adenanthera microsperma
Terminalia bellrica
Eugenia fruticosa
Protium serratum
Alangium kurzii
Eriobotrya bengalensis
Erythrina stricta
Spondias lakonensis
Sapindus rarak

Trewia nudifiora
Terminalia chebula
Ficus capillpes
Bauhinia variegata
Phyllanthus emblica
Melia toosendan

PERFORMANCE INDEX IN PERCENTAGE

w5
wm—— 12
am—— G
am—— 1.8,
am— 18

[ ——1
am———, 0
am———— 3

[ ——
T ———— g
am————, .8,
am———————; 30
e ——— 11
m————————; 34
T ————, 35
[ ————————— 13
T ———————————— 36
T —————,— 37
T ———— .37
A ———————————

T ———————————, 39

Percentage

45
46
46
100
o 20 40 60 80 100




image25.png
Cassia bakeriana
Mesua ferrea

Polyalthia viridis
Dalbergia cultrata

Gluta usitata
Choerospondias axillaris
Afzelia xylocarpa
Artocarpus lakoocha
Xylia xylocarpa

Careya arborea
Adenanthera microsperma
Terminalia bellrica
Eugenia fruticosa
Protium serratum
Alangium kurzii
Eriobotrya bengalensis
Erythrina stricta
Spondias lakonensis
Sapindus rarak

Trewia nudifiora
Terminalia chebula
Ficus capillpes
Bauhinia variegata
Phyllanthus emblica
Melia toosendan

PERFORMANCE INDEX IN PERCENTAGE

w5
wm—— 12
am—— G
am—— 1.8,
am— 18

[ ——1
am———, 0
am———— 3

[ ——
T ———— g
am————, .8,
am———————; 30
e ——— 11
m————————; 34
T ————, 35
[ ————————— 13
T ———————————— 36
T —————,— 37
T ———— .37
A ———————————

T ———————————, 39

Percentage

45
46
46
100
o 20 40 60 80 100




image26.png
M. ferrea
C. bakeriana
A kurzii

G. usitata

C. axillaris

E. stricta

s. lakonensis
P. viridis

T. chebula

T. bellirica

E. fruticosa

D. cultrata

F. capillipes

P. serratum

7. nudiflora
A. lakoocha
A xylocarpa
X xylocarpa
B. variegata
E. bengalensis
¢ arborea

s. rarak

A. microsperma
P. emblica

M. toosendan

SURVIVING PERCENTAGE OF PLANTED TREES R2

87
12 26.67
16
28 40
46
525
54
56
60
60 63.64
5 6
72
72
76
76
16 78.18

10 20 30 40 50 60 70 80 90 100





image27.png
AVERAGE OF RELATIVE GROWTH RATEOF ROOT COLLAR
DIAMETER R2

G. usitata 38.888

A xylocapa
M farea

T. chebula

C. arborea

S rardk

A lakoocha
D. culirata
P. serratum
P. emblica

S lakonensis
F. capillipes
T. bellirica
E. fruticosa
A ki

E. bengalensis
X xylocapa
B. variegata
A microsperma
T. mudiflora
¢ axillaris
C. bakeriana
E. stricta

M toosendan

0.000 20.000 40.000 60.000 80.000 100.000

8.896
120.000




image28.png
M ferrea

G. usitata

C. bakeriana
A. kurzii

P. viridis

C. axillaris
S. lakonensis
T. chebula

E. stricta

A. xvlocarpa
T. bellirica
D. cultrata
E. fiuticosa
P. serratum
F. capillipes
C. arborea
A. lakoocha
S. rarak

X xviocarpa
P. emblica
E. bengalensis
T. mudiflora
B. variegata
A. microsperma
M toosendan

PERCENTAGE OF PERFORMANCE INDEX R2

110




image29.png
M ferrea

G. usitata

C. bakeriana
A. kurzii

P. viridis

C. axillaris
S. lakonensis
T. chebula

E. stricta

A. xvlocarpa
T. bellirica
D. cultrata
E. fiuticosa
P. serratum
F. capillipes
C. arborea
A. lakoocha
S. rarak

X xviocarpa
P. emblica
E. bengalensis
T. mudiflora
B. variegata
A. microsperma
M toosendan

PERCENTAGE OF PERFORMANCE INDEX R2

110




image30.png
SURVIVING PERCENTAGE OF PLANTED
TREES

B. javanica 45
A fraxinifolius
P. xestophylum

S cumini

C. subulatum
G.cova

D. nurbinatus
A lakoocha
H. odorta

C. bakariana
B. variegata
G. xanthochymus
M raaniana
B. ramiflora
T. bellirica





image31.png
AVERAGE OF RELATIVE GROWTH RATE OF

ROOT COLLAR DIAMETER

T. bellirica  jmummmmm 60,752
G. xanthochymus  mmm—" 1170
A fravinifolius  mm—— g3 610
C. subulation  mmm—4 763
G.cowa mmmmmmmmmm— 105536
S cumini —107 471
B. javanica  mmmmm————— 110469
D. rbinatus mmm—— 1 1 511
P. xestophylum  mmm————— 124311
4. lakoocha  mmmmmmmmmmm— 130,025
B. variegata pmmmmmmmmsss——_ 166,061
B. ramifiora  mwmm——————— 170.615
P —— )
M rqjaniana mm———————————— 0 90 202,310

C. bakariana

0 50 100 150 200 250 300

350

390.048

400




image32.png
AVERAGE OF RELATIVE GROWTH RATE OF

ROOT COLLAR DIAMETER

T. bellirica  jmummmmm 60,752
G. xanthochymus  mmm—" 1170
A fravinifolius  mm—— g3 610
C. subulation  mmm—4 763
G.cowa mmmmmmmmmm— 105536
S cumini —107 471
B. javanica  mmmmm————— 110469
D. rbinatus mmm—— 1 1 511
P. xestophylum  mmm————— 124311
4. lakoocha  mmmmmmmmmmm— 130,025
B. variegata pmmmmmmmmsss——_ 166,061
B. ramifiora  mwmm——————— 170.615
P —— )
M rqjaniana mm———————————— 0 90 202,310

C. bakariana

0 50 100 150 200 250 300

350

390.048

400




image33.png
PERCENTAGE F PERFORMANCE INDEX

A fraxinifolius
G. xanthochymus
B. javanica

T. bellirica

C. subulatum

P. xestophylum
S. cumini

G. cova

D. nurbinatus

A lakoocha

B. variegata

H. odorta

B. ramiflora

M rajaniana

C. bakariana

m— 13 32
—] 5 7§
— ] 5 84
———— 19,37
————2 1 14
m—— 2179
23 .98
n————— 4 46
wm——— 27 85
m——— 31_08,

4275

4429

m—————— 49 20

O ——m 5 3.4

100

0 20 40 60

80 100




image34.png
PERCENTAGE F PERFORMANCE INDEX

A fraxinifolius
G. xanthochymus
B. javanica

T. bellirica

C. subulatum

P. xestophylum
S. cumini

G. cova

D. nurbinatus

A lakoocha

B. variegata

H. odorta

B. ramiflora

M rajaniana

C. bakariana

m— 13 32
—] 5 7§
— ] 5 84
———— 19,37
————2 1 14
m—— 2179
23 .98
n————— 4 46
wm——— 27 85
m——— 31_08,

4275

4429

m—————— 49 20

O ——m 5 3.4

100

0 20 40 60

80 100




image1.png
st





image9.png
FRAME




image10.jpeg




