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ABSTRACT

This study was conducted to observe some morphological characteristics during three developmental stages
of coffee seedling found in agroforestry system under natural reforestation of lower montane forest. To collect data, a
20 m x 20 m plot were established and 17 mature coffee individuals were selected within this plot. The seedling
quadrat of 1 m x 1 m was set up under each selected individual mature coffee, and Arabica coffee seedlings were
randomly selected for data collecting during June 2018. The study found that the distribution of coffee seedling
varied with seedling stages, whereby during the butterfly leaf stage, the normal distribution was observed for shoot
length, shoot dry weight and root dry weight. During the butterfly leaf-true leaf stage and true leaf stage, seedling
distribution appeared as a non-normal distribution for all of the morphological characteristics included in the study.
When considered percentage of shading, it was found to be statistically different among the different canopy levels
with the seedlings canopy level having the highest average shading, followed by the mature Arabica tree level and
the top of mature Arabica coffee tree level having the lowest percentage of shading. Furthermore, examination of the
distribution among groups of Arabica seedling samples in each stage indicated that shoot length, root length, root
growth rate, shoot dry weight, root dry weight and leaf greenness had different distribution for every pair of samples.
This result suggested that there were different degrees of changes in growth during the three seedling stages. On the
specific leaf area, however, similar distribution pattern was observed among the Arabica coffee seedlings in all three
seedling stages. In other word, there was no change in specific leaf area though out the different seedling stages,
indicating that the Arabica coffee seedlings planted under agroforestry system within the lower montane forest are
variable in terms of their morphological characteristics, which are also apparent among coffee seedlings found in

monoculture system, which may be explained by their similarity in ecological niche.

Keywords: morphological characteristics, three seedling stages of Arabica coffee, agroforestry system, specific leaf area
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) )

Figure 1 Seedling stages of Arabica coffee under lower montane forest condition in study area

Table 1 Morphological characteristics of seedling stages of Arabica coffee (assessment and methods)

Morphological characteristics Methods

Shoot length (cm) Shoot length was measured at from the base of shoot to the tip of the last leaf.

Root length (cm) Root length was measure from the root-shoot junction to the tip of the longest
root.

Stem diameter; D, (mm) Stem diameter was measured at middle of seedling stem using a digital vernier
caliper.

Leave dry weight (g) Leaves, shoots and roots taken then oven dried at 72 °C for 105 hours and dry

Stem dry weight (g) weight were measured by using digital balance.

Root dry weight (g)

Leaf greenness values (SPAD) The leaf greenness values were measured in each leaf (seedlings) using a SPAD-

502 chlorophyll meter (Konica Minolta Inc., Tokyo, Japan).

Specific leaf area; SLA (em” gEl) Leaf area were analyzed by ImagelJ program from leave dry and specific leaf

area (SLA) were calculated by LA / LW.
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Table 2 Quantitative data of some morphological characteristics

Seedling stages of Arabica coffee

Independence variables Data Butterfly
True leaf-butterfly leaf True leaf  Average
stage

Average 10.86 14.42 18.26 14.51

Shoot length (cm) Maximum 13.90 25.40 27.90 22.40

Minimum 7.40 4.20 12.00 7.87

Average 5.30 8.67 10.45 8.14

Root length (cm) Maximum 13.70 17.50 28.00 19.73

Minimum 1.40 4.00 4.00 3.13

Average 1.73 1.32 1.65 1.57

Stem diameter; D, (mm) Maximum 2.90 2.10 2.80 2.60

Minimum 0.60 0.90 1.10 0.87
Average 0.0781 0.1414 0.2020 0.1405
Stem dry weight (g) Maximum 0.1188 0.3787 0.5654 0.3543
Minimum 0.0397 0.0177 0.0624 0.0399
Average 0.0161 0.0393 0.0813 0.0456
Root dry weight (g) Maximum 0.0469 0.0845 0.4340 0.1885
Minimum 0.0027 0.0102 0.0129 0.0086

Average 36.82 42.74 45.92 41.83

Leaf greenness values (SPAD)  Maximum 56.80 56.10 56.90 56.60
Minimum 10.70 24.30 32.30 22.43
Average 230.57 275.87 277.69 261.38
Specific Leaf Area (cm” g')  Maximum  452.79 428.75 433.56 43837
Minimum 103.25 185.83 202.06 163.71
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Figure 2 Variation of leaf greenness values (SPAD) of Arabica coffee seedling three stages
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Figure 3 Variation of specific leaf area of Arabica coffee seedling three stages
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Table 3 The result of normality test by Shapiro-Wilk normality test. Abbreviates indicated for shoot length (SL),
root length (RL), basal diameter (D,), stem dry weight (STW), root dry weight (RDW), leaf greenness value

(LGV), and specific leaf area (SLA), respectively.

Shapiro-Wilk normality test

SL RL D, SDW RDW LGV SLA
Seedling stages
2 -
(cm) (cm) (mm) (3] (3] (em - g)
\\ 0.9858 0.92472 0.96288 0.97756 0.98514 0.88657  0.88657
Butterfly leaf ~ P-value  0.5678 0.00026 0.02703 0.2039 0.5286 0.01616  0.01616
Sig. ns oAk * ns ns * *
W 0.92698 0.91446 0.93118 0.93031 0.94955 0.92659  0.92659
True leaf-
P-value  0.0004 0.0001 0.00063 0.00057 0.005477  0.03544  0.03544
butterfly leaf
Sig. kkk kksk kksk kksk kksk %k %k
W 0.94764 0.88482 0.93165 0.85918 0.96915 0.90727  0.90727
True leaf P-value 0.003711 545x10°  0.00055  6.58x107  0.06394 0.01969  0.01969
Sig. kk kksk kksk kksk * %k %k
W 0.94502 0.93664 0.95023 0.79482 0.93849 0.94619  0.94619
Total P-value 1.81x107 3.04x10° 593x107 220x10° 4.45x10° 0.002099  0.002099
Sig. skskk skkk skkok skskok skskok kk kk

Remark; Significantly level; * p ,<0.01, ** p <0.05, *** p<0.001

W = Shapiro-Wilk normality test
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On mature canopy

Under mature canopy

On seedling canopy
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Figure 4 Percentage of shade in study area (** p <0.01)
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Table 4 Comparing distribution between sample groups of Arabica seedling in three stages by Two-

Sample Kolmogorov-Smirnov tests (D).

Two-Sample Kolmogorov-Smirnov test

Variables Seedling stages
D P-value Sig. Alpha

B & TB 0.65863 230x10™ #xk (0001
Shoot length (cm.)  B&T 0.92000 220x10"° #k% 0,001
TB&T 0.49973 1.89x10° #xk (0001
B & TB 0.58265 2.47x 10" #x% 0,001
Root length (cm) B&T 0.64000 9.12x10™ #xk 0001

TB&T 0.28493 0.004925 ok 0.01
B & TB 0.53187 1.63x10™ #xk 0001

Stem diameter; D,
B&T 0.24000 0.026600 * 0.05
(mm)

TB&T 0.40457 1.10x 10” #xk 0001
B & TB 0.66155 1.73x10™ #x% 0,001
Stem dry weight(2) B &T 0.78667 220x10" #xk (0001

TB&T 0.30155 0.002394 ok 0.01
B & TB 0.74301 220x 10" #xk 0001
Root dry weight (g) B & T 0.85333 220x10"° w6k 0,001
TB&T 0.40785 9.04x 10° #xk 0001
B & TB 0.48858 427x10° #xk 0001
Leaf greenness values B & T 0.61333 1.12x 10" ok 0.001
TB&T 0.36603 9.91x10° #xk (0001

B & TB 0.34604 0.091750 ns -

Specific Leaf Area (cm’
4 B&T 0.32492 0.117200 ns -
g
TB&T 0.14934 0.904400 ns -

Remark: B = Butterfly leaf, TB = True leaf-butterfly leaf, T = True leaf

*p ,<0.01, ** p<0.05, *** p<0.001
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