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a b s t r a c t

In the dry woodlands of Africa, stem cuttings of some tree species can root easily for successful vegetative
propagation. Successful rooting and establishment of planted cuttings can be affected by size of cutting,
planting season, age of parent stock and part of plant used. Propagule length and four collection times
were studied on their effect on the survival of branch cuttings of Boswellia papyrifera over a six-year
period. The study was carried in a semi-arid area of northwest Ethiopia, where the rainfall occurs
from June to September and the other part of the year being too dry to normal plant physiological
functioning. Collection time, cutting length and their interaction showed significant differences in mean
survival rate. The higher mean survival value was observed from those cutting materials collected in May.
The weakest performance was observed from those cutting materials collected in October. The observed
difference may be effect of phenological calendar of the species, especially the effect of dormancy period
and leaf bud breaking times. Longer stem cuttings did not show persistent better performance across
time. This technique could be an alternative solution for restocking the declining B. papyrifera population
and fast restoration of degraded dry lands.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Boswellia papyrifera (Del.) Hochst. ex A. Rich is a multipurpose
tree species. Its tree population is declining in the majority of its
growing area. The tree population structure showed little repre-
sentation of smaller individuals and regeneration is impeded with
many kinds of limitations (see Abiyu et al., 2010).

Vegetative propagation by means of stem cutting did give pos-
itive results (Haile et al., 2011). Vegetative propagationmethods are
useful tools for timely production of quality propagules for refor-
estation, genetic conservation or domestication programmes. The
timing of collection of propagule (Welander, 1994; Danthu et al.,
2002), age of ortet and position on the parent stock (Husen and
Pal, 2006, 2007; Opuni-Frimpong et al., 2008) reported to affect
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root growth and survival of cuttings in vegetative propagation ex-
periments. Hence, the objective of this experiment was to study the
effect of cutting size and planting season on the survival of branch
cuttings of Boswellia papyrifera.
2. Method of data collection and analysis

The study was carried out in the lowlands of Metemma area of
northwest Ethiopia. The experiment was established in a wide gap
adjacent to the forest. Healthy branches were obtained from
different mature B. papyrifera trees in the immediate vicinity cho-
sen randomly. The cuttings were collected on four different occa-
sions between July 2003 and May 2004.

Three factors with different levels and their combination were
considered as a treatment. The factors and their levels are (1) length
of the branch cutting (i) 1.0 m, (ii) 1.5 m and (iii) 2.0 m; (2) cutting
butt diameter (i) 10e15 cm, (ii) 16e20 cm and (iii) 21e25 cm; and
(3) planting season (i) first week of May, (ii) second week of July,
(iii) third week of October, and (iv) third week of March. A treat-
ment assigned to an experimental unit is a combination of one level
of each of length of the branch cutting, cutting butt diameter and
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Fig. 1. a. Mean survival value of different sized cuttings of B. papyrifera across different seasons of planting time b. Mean survival values across planting season.
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planting season. The plots were the experimental units. Thus, there
were 36 treatments in a block. For each treatment, there were
seven branch cuttings. The spacing between plants was 2 m, and
the spacing between rows of plants was 4 m. The design used for
the experiment was the Randomized Complete Block Design
replicated Four times.

The dependent variable was the survival rate taken at the end of
the sixth year. Data were arc-sine transformed prior to analysis and
analyzed using the General Linear Model procedures of SAS. When
there were no interactions and terms that were not significant in
the full model, the reduced model was employed for analysis. The
terms indicating the effects of cutting materials butt diameter and
its interaction with season of planting and cutting length were not
included in the statistical analysis.
3. Result

The effect of cutting collection time and its interaction with
length of planting material on the survival of cuttings of Boswellia
papyrifera showed significant difference (F ¼ 2.5, P ¼ 0.03). When
cutting collection time is considered alone the difference was also
significant (F ¼ 9.39, P < 0.01), and better survival was obtained
from those materials prepared and planted in May followed by
March, July and October (Fig 1b).

With regard to the effect of interaction of cutting collection time
and planting material length, the mean survival value for 1.0, 1.5,
and 2.0 m cuttings was 57, 75 and 80% in May. October cuttings
showed less than 50% survival values. In March, greater than 50%
survival was obtained only from 1.5 and 2.0 m cuttings. For a given
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planting material length, more than 200% survival advantage was
recorded when the planting season was changed. For instance,
1.0 m length cutting average survival in October was 7.14%, but for
the same cutting length the survival for May was 57.14%. The mean
survival value of cutting length 2.0mwas 32% in October and 80% in
May (Fig 1a).

Planting in July gave better survival rates than planting in
October. Planting in October gave a poor survival rate and cutting
size improved survival negligibly.

4. Discussion

Our result showed that branch cuttings of B. papyrifera gave
above average survival rates when cuttings were collected in May.
In case the month of collection is March, then propagules should
be longer than one meter in order to obtain more than a 50%
survival rate. This result is different from the findings of Haile et al.
(2011), who reported, from a different tree population, that the
best performance was obtained when cutting materials were
collected in FebruaryeMarch. The weakest performance was
recorded when a cutting was collected in May. This may be
attributed to the different agro-ecological locations of the two
populations and thus difference in phenological calendar of the
two populations, especially in length of dormancy period and leaf
bud breaking times.

The highermean survival valuewas observed from those cutting
materials collected in May when the plant was dormant. The
weakest performance was observed from those cutting materials
collected in October when there is leaf colour change and eventual
leaf shedding. Danthu et al. (2002) reported that cuttings root
better when sampled while the ortet is dormant, rather than it
being in active growth. This may be from the accumulation and
composition of carbohydrates in cuttings or the rise of temperature
as shown by Leakey et al. (1982) and Leakey and Coutts (1989).

Our result showed that, within a specific month, the marginal
survival improvement with increased cutting length showed a
diminishing trend. For instance, in the planting season of May,
increasing the plantingmaterial’s length from1.0 to 1.5m increased
its survival by 18% but it only brought a 5% improved survival rate
when the cutting length was increased from 1.5 to 2.0 m. Therefore,
in case a shortage of planting materials prevails, the planting sea-
son can be restricted to May. This can enhance the possibility to
obtain enough short length propagules with low mortality rates.
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