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Abstract: Bamboo is one of the fastest growing and highest yielding renewable resources with multiple uses in the world. Lack of 
seedlings in sufficient number has generally been a major constraint in establishing more bamboo plantations. This study investigated 
the efficiency of regenerating Bambusa vulgaris through cuttings at Busogo sector, Musanze district, using vertical and horizontal 
methods with and without water treatment. The experiment consisted in a RCBD (Randomized Complete Block Design) with 4 
replications. The growth and sprouting of the 64 cuttings were monitored for three months and 18 days (105 days). In terms of 
planting method, horizontal planting method showed best sprouting percentage of 68%. In terms of treatment used, horizontal 
planting method without using water treatment showed slightly better sprouting percentage of 60%. The results further show that 
about 87% of sprouts had between 0 and 30 cm height and 98% of sprouts had basal diameter ranging from 0 to 20 mm only 105 
days after planting. Indeed, the horizontal planting methods provided highest survival rate of sprouts than the vertical planting 
method (74%) of planted cuttings. Furthermore, the results show that, 105 days after planting, cuttings with horizontal method were 
more productive in terms of root development. In terms of planting method using water treatment, the horizontal planting method 
with water treatment showed highest rooting percentage (44%). Therefore, farmers should be trained and encouraged to use 
horizontal planting method using water treatment in order to get better results in regenerating bamboo through cuttings. 
 
Key words: Bamboo, bamboo regeneration, culm cuttings, cuttings planting methods. 
 

1. Introduction 

Bamboo is a fast growing woody grass. Bamboo 
species grow naturally on the mountains and highland 
ranges of Eastern African countries [1] but also in 
middle and lowlands of other countries of Asia, Africa 
and South America [2]. Although in some parts of the 
Northern Province, a number of farmers have been 
growing bamboo on their farms and homestead lands, 
Bamboo has not been widely cultivated in Rwanda. In 
some areas even, many farmers have replaced bamboo 
with other crops, such as Irish potatoes, which 
currently give higher returns. However, more recently, 
since bamboo is known for its ability to control 
erosion and supply many products, the government 
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has been putting much emphasis on increasing the 
bamboo cover in the country which was estimated at 
4,381 hectares (about 1.82% of the total forest area) in 
2010 [3]. The REMA (Rwanda Environmental 
Management Authority) has been also promoting 
bamboo planting to protect riverbanks and lakeshores 
[4]. 

Bamboo plays a vital role in the protection of the 
soil and water resources in water catchment areas. In 
fact, bamboo is one of the fastest growing and highest 
yielding renewable resources with multiple uses in the 
world. Bamboo can grow from 30 to 100 cm per day 
in growing season [5] and can reach maturity in less 
than five years [6]. Bamboo is not only effective in 
conserving soil moisture and preventing erosion [5] 
but also in sequestering carbon [7, 8]. Moreover, 
bamboo has been and continues to be a material of 
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choice for traditional crafts throughout Africa and 
Asia and thus a source of income for many people in 
rural areas. Therefore bamboo can contribute greatly 
to the mitigation of climate change impacts 
particularly in the poor rural communities. In Rwanda, 
bamboo has traditionally been used for construction, 
handicrafts, beans’ stakes, and making various 
household articles [9]. 

Despite the multiple use of bamboo, bamboo has 
rarely been planted on forestland. Knowledge on 
bamboo afforestation and reforestation on a large 
scale is still limited in many countries including 
Rwanda. Lack of seedlings in sufficient number has 
generally been a major constraint in establishing  
more bamboo plantations in Rwanda [10]. Adequate 
information on propagation has remained a  
bottleneck to promotion and adoption of bamboo on 
farms [11]. 

Due erratic flowering of bamboos which happen at 
interval of several years, bamboos are rarely 
regenerated by seeds and therefore bamboos are 
preferably propagated through clump division, by 
rhizome, stem and branch cutting, layering, and 
marcotting [1]. However, the easiest and most 
practiced regeneration method is culm or branch 
cutting. Good cuttings are obtained from 2 to 3 years 
old culms of healthy clumps having strong branches 
and large dormant buds at the nodes [11]. This study 
intended to investigate the best planting methods for 
regenerating bamboos through cuttings by assessing 
the performance of cuttings planted in vertical and 
horizontal positions, the effect of cutting treatment 
with water on survival rate of cuttings and the number 
of shoots per cuttings and their survival rate after root 
development. 

2. Materials and Methods 

The study was conducted in UR/CAVM, Busogo 
campus nursery on the foot of Mt Kalisimbi. The soil 
of Busogois fertile as it is of volcanic origin and very 
permeable with low depth on mountains and deposited 

soil with high depth in the valleys. This type of soil is 
vulnerable to erosion on steep slopes and flooding is 
common in low laying area. The mean altitude is 
2,300 m in Busogo sector. The climate of the region 
has a mean temperature of 16.7 °C and high rainfall 
ranges from 1,400 to 1,800 mm. 

The cuttings were collected from randomly 
harvested culms from clumps of Bambusa vulgaris 
stands that were planted by ARECO Rwanda Nziza, in 
Rwaza sector, Musanze district. The size of cuttings 
was 40 cm long with two nodes each. Clean and sharp 
cutting tools were used in order to avoid splitting of 
stumps and the cut culms. A sharp machete or a 
curved handsaw was used to cut the culms into 
cuttings and extra care taken to avoid splitting at the 
cut. About 5-10 cm was kept on either side of the 
segment node. The branches on selected culms were 
pruned carefully making sure not to injure existing 
buds. 

The prepared culm cuttings were transported to the 
propagation bed that was carefully prepared for the 
purpose and planting was made using two methods 
namely vertical and horizontal methods. Cuttings were 
planted at 30 × 30 cm spacing on the nursery bed. A 
small hole was cut in the inter-node and half of the 
cuttings were filled with water before planting [1] as 
one treatment while the remaining cuttings were 
planted without water treatment. Watering was one of 
different management practices that were used in 
caring for the cuttings after planting. In addition to 
watering, partial shading and mulching were used to 
keep the bed moist. 

The experiment was laid out in a RCBD 
(Randomized Complete Block Design) with 4 
treatments (T1: Culm cuttings with horizontal planting 
method without water treatment; T2: Culm cuttings 
with vertical planting method with water treatment; 
T3: Culm cuttings with horizontal planting method 
with water treatment; T4: Culm cuttings with vertical 
planting method without water treatment) in 4 
replications as illustrated in Fig. 1. After plantation of 
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cuttings, different parameters of growth were 
monitored for a period of three months and 18 days 
(105 days), including number of sprouts by planting 
method and with water treatment along the culm, the 
basal diameter and the height of sprouts. According to 
[12] the culm cuttings should have sufficient roots 
after about 2 months and be ready for gradual 
hardening and later planting in the field. 

This experiment was conducted from the 3rd 
February until 25 May 2016. Data were collected 
twice per month (that is every two weeks after 
planting). The following parameters were recorded: 

(i) Number of sprouts by counting. 
(ii) Height of sprouts by using graduated ruler. 
(iii) Diameter of sprouts by using caliper. 
(vi) Rooting rate of each treatment by counting 

sprouts or cuttings with roots. 
(v) Root development per treatment taking height 

measurement at the end of the experiment. 
Collected data were processed and analyzed using 

Microsoft Excel spreadsheet program GenStat v.14 
software. The data were analyzed using a one-way 
ANOVA with two factors (block and treatment 

factors). Mean separation was done using the LSD 
(least significant difference) method. 

3. Results and Discussion 

3.1 Number of Sprouts on Cuttings by Planting 
Method and Treatment 

Three months and 18 days (105 days) after planting 
cuttings using horizontal method were observed to be 
more productive than vertical method with 85 sprouts 
(Table 1). In terms of water treatment, the horizontal 
planting method without water treatment showed 
highest sprouting percentage (60%) with 51 sprouts. 
But vertical method with water treatment (58%) had 
slightly better sprouting percentage (Fig. 2). A 
one-way ANOVA revealed that the treatments were 
significantly different in terms of number of sprouts 
on cuttings (p = 0.006) at 5% level of significance. 
However the comparison of means using the least 
significant differences (LSD = 4.01), showed that 
while the differences between treatment T1 VS T2, T1 
VS T4 and T3 VS T4 were significantly different; the 
differences between treatment T1 VS T2, T1 VS T4 
and T1 VS T4 were not significantly different. 

 

  
 

 
Fig. 1  Layout of experimental blocks and treatments. 
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Table 1  Number of sprouts on cuttings by planting method 105 days after planting. 

Treatment along 
the cuttings 

Planting methods 
Total number 
of sprouts (%) 

Horizontal Vertical 
No. of cuttings No. of 

sprouts (%) 
No. of cuttings No. of 

sprouts (%) 
Dead Live Dead Live 

With water 
treatment 2 14 34 40 5 11 23 57.5 57 46.3 

Without 
treatment 3 13 51 60 9 7 17 42.5 66 53.7 

Total 5 27 85 100 14 18 40 100.0 123 100.0 
 

 
Fig. 2  Mean number of sprouts on cuttings 105 days after planting. 
 

These results are in line with Kigomo (2007) who 
also noted that burying cuttings 6 to 10 cm 
horizontally on a raised nursery bed prepared with a 
light soil and sand mixture leaving a section of the 
branch with a bud emerging vertically and facing 
upwards from the ground provides higher sprouting 
rate of success. 

3.2 Height of Sprouts from Cuttings 

The results from height measurements at the end of 
the experiment (105 days after planting of cuttings) 
showed that about 87% of sprouts had between 0 and 
30 cm of height (Table 2). Horizontal method with 
water treatment produced the highest proportion of 
taller sprouts with about 15% of sprouts greater than 

51 cm of height and a mean height of 17.62 cm (Table 
2). In a study at Ruhande (Huye district), [10] reported 
Bambusa vulgaris sprouts had a mean height of 31.1 
cm only two months after planting. [9] reported even 
higher mean height of Bambusa vulgaris sprouts of 
36.6 cm two months after planting of cuttings. 

The ANOVA of height measurements revealed that 
the treatments were significantly different in terms of 
height of sprouts from cuttings (p = 0.006) at 5% level 
of significance. Further comparison of sprout height 
means using the least significant difference method 
revealed that while T1 VS T3; T2 VS T4 and T1 VS 
T4 had no significant differences in mean height of 
sprouts all other treatment combinations had 
significant differences at 5% level of significance. 
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3.3 Basal Diameter of Cutting Sprouts 

In terms of basal diameter (collar diameter) about 
98% of sprouts had basal diameter ranging from 0 to 
20 mm only 105 days after planting (Table 3). The 
horizontal planting method with water treatment 
produced the largest proportion of bigger sprouts with 
an average basal diameter of 6.39 mm (Table 3). 
However, the sprouts were relatively smaller than 
those recorded in the South Province in a study carried 
out in a nursery at Ruhande (Huye district) where [10] 
found that 33% of Bambusa vulgaris sprouts had a 
basal diameter greater than 51 mm while the average 
basal diameter was 36.2 mm only two months after 
planting. 

The ANOVA of basal diameter measurements 
showed that the treatments were not significantly 

different in terms of basal diameter of sprouts from 
cuttings (p = 0.068) at 5% level of significance. 
However, comparing means using LSD, T2 (vertical 
planting with water treatment) and T3 (horizontal 
planting with water treatment) had significant 
differences in terms of sprout basal diameter. This is 
probably due to the fact that vertical planting water 
could easily evaporate quickly before helping the 
sprouting process. 

3.4 Rooting Rate and Sprout Root Development 

The  horizontal  planting  method  with  water 
treatment produced the highest proportion of rooted 
cuttings (43%) compared to other treatments (Table 4). 
However, the ANOVA of number of cuttings which 
developed roots showed that the treatments were not 

 

Table 2  Sprout height 105 days after planting of bamboo (Bambusa vulgaris) cuttings. 

Treatments 
Sprout height ranges (cm) 

Total Mean 
(cm) ≤ 10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 > 90 

T1 22 11 8 4 3 1 0 0 0 0 51 14.03 
T2 14 7 1 7 0 0 0 0 0 0 23 7.13 
T3 14 7 5 1 2 1 1 1 1 1 34 17.62 
T4 10 6 1 0 0 0 0 0 0 0 17 6.83 
Total 60 31 15 12 5 2 1 1 1 1 125 - 
LSD 5.87 
T1: Horizontal planting without water treatment 
T2: Vertical planting with water treatment 
T3: Horizontal planting with water treatment 
T4: Vertical planting without water treatment 
LSD: Least significant difference between means 
 

Table 3  Sprout basal diameter (mm) ranges 105 days after planting. 

Treatments 
Sprout diameter ranges (mm) 

Total Mean (mm) 
≤ 10 11-20 21-30 > 30 

T1 43 8 0 0 51 5.80 
T2 21 2 0 0 23 4.87 
T3 27 5 2 0 34 6.39 
T4 16 1 0 0 17 5.36 
Total 108 15 2 0 125 - 
LSD 1.12 
T1: Horizontal planting without water treatment 
T2: Vertical planting with water treatment 
T3: Horizontal planting with water treatment 
T4: Vertical planting without water treatment 
LSD: Least significant difference between means 
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Table 4  Number of rooted cuttings by treatment. 
Replications 

Treatments 1 2 3 4 Total Percentage (%) 

T1 0 2 2 3 7 30 
T2 2 0 2 0 4 17 
T3 3 2 3 2 10 44 
T4 0 0 1 1 2 9 
Total 5 4 8 6 23 100 
T1: Horizontal planting without water treatment 
T2: Vertical planting with water treatment 
T3: Horizontal planting with water treatment 
T4: Vertical planting without water treatment 
 

Table 5  Sprout root length ranges 105 days after planting. 

Treatments 
Sprout root length ranges (cm) 

Total Mean 
(cm) ≤ 10 11-20 21-30 31-40 41-50 51-60 61-70 > 70 

T1 45 33 10 7 0 2 0 0 97 10.89 
T2 4 0 1 0 0 0 0 0 5 7.78 
T3 73 14 6 3 8 2 3 2 111 18.58 
T4 2 0 0 0 0 0 0 0 2 1.30 
Total 124 47 17 10 8 4 3 2 215 - 
T1: Horizontal planting without water treatment 
T2: Vertical planting with water treatment 
T3: Horizontal planting with water treatment 
T4: Vertical planting without water treatment 
 

significantly different in terms of number of rooted 
cuttings (p = 0.076) at 5% level of significance. 

The cuttings with horizontal planting method with 
water treatment were more productive in terms of 
number of roots on rooted cuttings (54% of roots) 
against the planting without water treatment (46% of 
roots). Concerning sprout roots length, at the 105th 
day after planting of bamboo cuttings, about 87% of 
sprout roots had between 0 and 30 cm of length (Table 
5). Horizontal method with water treatment produced 
the highest proportion of longer roots with 18.58 cm 
average sprout roots (Table 5). Nevertheless, the 
ANOVA of sprout root length measurements revealed 
that the treatments were not significantly different in 
terms of sprout root length (p = 0.224) at 5% level of 
significance. 

4. Conclusion and Recommendation 

In this study, two planting methods of Bambusa 
vulgaris cuttings with and without water treatment 
were evaluated in the nursery. At the 105th day of 

planting, the horizontal planting method was observed 
to perform better than the vertical planting method in 
all parameters assessed including number of sprouts, 
basal diameter, sprout height, rooting rate of cuttings 
and root development of sprouts. 

Considering, water treatment of cuttings before 
planting, the horizontal planting method with water 
treatment was the top in producing biggest and tallest 
sprouts on cuttings. The second was horizontal 
planting method without water treatment but it was 
best in producing many sprouts on planted cuttings 
while the vertical planting method without water 
treatment performed poorly in all parameters. 

The results suggest therefore that the horizontal 
planting method with water treatment is the best 
planting method for culm cuttings of Bambusa 
vulgaris at Busogo Campus nursery. However, these 
results should be taken with caution because the study 
did not go further to assess the survival and rooting of 
cuttings beyond 105 days. Therefore there is need to 
conduct a thorough study to assess the same planting 
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methods of bamboo culm cuttings using the different 
bamboo species in order to establish the best planting 
methods of bamboo cuttings which will enhance 
bamboo propagation and large scale plantations in 
Rwanda. 
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