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Effect of Harvesting Frequency, Variety and Leaf Maturity on
Nutrient Composition, Hydrogen Cyanide Content and
Cassava Foliage Yield
Khuc Thi Hue, Do Thi Thanh Van1, Inger Ledin2, Ewa Wredle2 and Eva Spörndly2,*
Goat and Rabbit Research Center, Sontay, (84-043) Hanoi, Vietnam
ABSTRACT: The experiment studied the effect of harvesting frequencies and varieties on yield, chemical composition and hydrogen
cyanide content in cassava foliage. Foliage from three cassava varieties, K94 (very bitter), K98-7 (medium bitter) and a local (sweet),
were harvested in three different cutting cycles, at 3, 6 and 9 months; 6 and 9 months and 9 months after planting, in a 2-yr experiment
carried out in Hanoi, Vietnam. Increasing the harvesting frequency increased dry matter (DM) and crude protein (CP) production in
cassava foliage. The K94 variety produced higher foliage yields than the other two varieties. Dry matter, neutral detergent fibre (NDF),
acid detergent fibre (ADF) and total tannin content increased with months to the first harvest, whereas CP content decreased. Hydrogen
cyanide (HCN) content was lower at the first harvest than at later harvests for all cutting cycles. At subsequent harvests the content of
total tannins tended to decline, while HCN content increased (p<0.05). Chemical composition differed somewhat across varieties except
for total tannins and ash. Dry matter, NDF, ADF and total tannins were higher in fully matured leaves, while CP and HCN were lower in
developing leaves. (Key Words: Manihot esculenta Crantz, Cassava Foliage, Harvesting Frequency, Variety, Yield, HCN)

INTRODUCTION
Cassava (Manihot esculenta Crantz) has previously
been cultivated mainly for the roots and in many countries,
such as Vietnam, the foliage has only been used for animal
feed in small amounts at root harvesting time. Nowadays,
farmers are using cassava as a dual-purpose plant for both
root and foliage production, harvesting smaller stems
frequently during the 9 month growing period. The foliage
contains approximately 21% crude protein (CP) with a
range from 17 to 40% CP depending on cultivar, maturity,
sampling procedure, soil fertility and climate (Ravindran,
1993). According to Ravindran (1993), the amount of
foliage available at root harvesting is equivalent to about
30% of the root yield and comprises about 5 tons of dry
matter (DM) (Erdmann et al., 1993) per hectare.
It is an already known fact that increased foliage harvest
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frequency resulted in reduced root production at around 10
months after planting (Khang et al., 2005; Phengvichith et
al., 2006). However, cassava planted for foliage produced a
greater amount of leaf biomass through more frequent
harvests. The accumulated KM 94 cassava harvested at
harvesting intervals of 45, 60, 90 d produced more foliage
compared with a single harvest at 285 d (Khang et al.,
2005). There was a positive correlation between foliage
production and cutting frequency (Wanapat, 2003).
Using fresh cassava foliage as a feed for ruminants can
be a problem due to its fairly high content of hydrogen
cyanide (HCN) (Hue et al., 2010). According to Ravindran
(1993), the normal range of HCN content in cassava foliage
is 200 to 800 mg/kg of fresh leaves, with the variation being
attributed to genetic, physiological and edaphic factors, and
climate. One of the more important differences between
different varieties of cassava is in the content of HCN. In
many cases the varieties with high HCN content are
referred to as very bitter or bitter varieties while those low
in HCN are classified as sweet varieties (Mlingi et al.,
1995). In a study from Nigeria, where 17 different varieties
were compared, there was a 10-fold difference between the
variety with 122 ppm and 1,040 ppm HCN in fresh leaves
for the variety with the highest and lowest HCN content,
Copyright © 2012 by Asian-Australasian Journal of Animal Sciences
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Rainfall, mm

Rainfall 2009

within the sward in a system with only one single harvest at
9 months.
MATERIALS AND METHODS
Location and climate
The experiment was carried out in the field of The Goat
and Rabbit Research Centre, Sontay, Hanoi, Vietnam
(longitude 10525E; latitude 2106N altitude 220 m above
sea level. The climatic conditions at the present study area
was typical tropical monsoon (Figure 1) as reported by Bavi
Meteor Centre, which is situated 1 km from the
experimental area with the same climatic conditions. The
rainy season lasts from April to October with a peak in
rainfall in July and August. The dry season is from
November to March. Average annual rainfall in the two
experimental years (2009 and 2010) was 1,240 mm, while
monthly mean temperature ranged from 14.7 to 29.9C,
with a minimum in January and a maximum in June. The
experiment lasted from early March to November in both
years.
Establishment of cassava plot
The experimental design of the study was a two
factorial design studying varieties and harvesting
frequencies. Three cassava varieties (K94; K98-7; and a
local variety) were compared and three harvest frequencies
(three cuttings at 3, 6 and 9 months; two cuttings at 6 and 9
months; and a single harvest at root harvesting). There were
four replications of each combination of variety and
harvesting frequency.
The K94 cassava variety was originally imported from
Thailand around 1990 with the original name of KU50 (or
Kasetsart 50) and it has a growing period of 9 to 11 months.
The characteristics of this variety are green stems without
divided branches, large leaf blades and green petioles, but
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Figure 1. Average environmental temperature and rainfall in Bavi in 2009 and 2010.
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respectively (Ubi et al., 2008). They also found that the
total HCN content of the roots were not correlated with the
content in the leaves of the same plant. Therefore the
classifications of “bitter” and “sweet” may not be applicable
when regarding the whole plant. Twenty varieties were
compared in a study performed in Vietnam where there was
a three-fold difference between the HCN content in cassava
foliage of the variety with the lowest and highest HCN
content (range 610 to 1,840 mg/kg DM) at root harvest
(Hang and Preston, 2005). HCN content in leaves was
higher than in petioles or stems and the content in leaves
varied less in soils than in varieties (Arvidsson and
Sandberg, 2003). In an earlier study HCN content in the
cassava foliage differed in varieties but ranged from 1,500
to 2,000 mg/kg DM (Gômez and Valdivieso, 1985). There
were considerable differences in chemical composition of
the foliage from different varieties harvested at different
harvest occasions, showing some interaction between
variety and harvest management.
Another important aspect of cassava foliage is the
content of condensed tannins. Khang et al. (2005) reported
that unlike HCN, the content of condensed tannins in
foliage increased at longer harvest intervals, ranging from
approximately 3.5% of DM at 45 d harvest interval to
around 4.3% of DM at root harvest stage. Significant tannin
differences in varieties was also reported by Oni et al.
(2011). The impact of condensed tannins in cassava forage
on protein digestibility was studied by Reed et al. (1982)
but information addressing cassava harvested for forage is
still limited.
The objectives of the present study were to evaluate
productivity of cassava and to determine the chemical
composition in foliage, especially the tannin and HCN
content, in several different varieties harvested at three
harvest frequencies. Furthermore, the objective was also to
compare the chemical composition of young and old leaves
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there is red coloration on the tops of the foliage. The
cassava variety K98-7 was originally introduced from
Colombia as a crossbreed between SM1717 and CM322188, and has brown stems without divided branches, narrow
leaf blades and red petioles and a growing period of 7 to 10
months after planting. The local cassava variety has hard
green stems, large and short leaf blades and green petioles.
The three cassava varieties K94, K98-7 and local were
defined according to their taste as very bitter, medium bitter
and sweet, respectively.
The experiment was conducted in a 2,300 m2 field,
1,800 m2 of which was used for planting and 500 m2
consisted of borders around the whole planting area. Each
plot consisted of 50 m2 (5 m10 m).
Stem cuttings of cassava were taken from stems that
were healthy and free from diseases. The stems were taken
around the centre and were cut into segments of 20 to 25 cm
in length just before planting. The stems were planted at 15
to 20 cm depth in continuous rows, with 60 cm between
rows and 40 cm between plants. In each plot, a hundred
cassava stems were planted and total 3,600 stems were used
in each year of the experiment.
The soil at the experimental site is Feralite Acrisol type,
acidic and with low fertility. The soil had the following
chemical characteristics: HKCl 4.12, organic matter (OM)
4.48%, Ntotal 1.6 mg/kg, K2Ototal 4.6 mg/kg and P2O5 0.39
mg/kg (Dung et al., 2005). Previously, the area has been
used for cassava cultivation. Before planting, the
experimental land was first cleared of weeds and then
ploughed by tractor-drawn mouldboard plough to a depth of
20 to 25 cm to loosen the soil before slashing and dividing
into plots. Weeds were also removed once again before
planting. Each experimental year, the entire experimental
area used for cassava cultivation was fertilised with goat
manure corresponding to 200 tons/ha, 500 kg NPK
(8:10:14)/ha and 300 kg urea/ha. All manure and half the
NPK and urea were applied at planting, while the remaining
NPK and urea were divided equally and applied at 3 and 6
months after planting for all treatments. Weed control was
performed once a month. In all treatments, watering was
carried out on day one and d 15 of every month except
when natural precipitation occurred on these days.
On the first harvesting occasion, the foliage shoots from
the planted cassava stems were manually harvested by
breaking them at 10 to 15 cm above the ground. On
subsequent harvesting occasions, the foliage was broken at
10 to 15 cm above the starting point of new branches
emerging from the old cassava stems. The foliage was
harvested at 7:00 to 9:00 am to avoid fluctuations in HCN
content, which tend to occur later during the day owing to
the wide variation in temperature due to solar radiation
(Stochmal and Oleszek, 1997).
Cassava foliage was considered to be all the
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aboveground biomass (including thin stems, twigs and
leaves) that animals could consume, i.e. which still had
green leaves left. Old cassava stems without any remaining
green leaves were not included.
Data and sample collection
Foliage biomass yield of the three different cassava
varieties was measured at each harvesting occasion. The
fresh foliage was weighed immediately after harvesting and,
based on the harvested amounts and the chemical
composition, the total DM and CP yields were calculated.
At each harvest, four samples of foliage were taken
separately from each cassava variety for analysis of the
chemical composition and HCN content. Each sample
(approx. 1 kg fresh weight) was collected randomly from 5
to 6 cassava plants at harvesting.
Additional sampling was performed in the single
harvest system to study the difference in chemical
composition in newly emerged leaves and older leaves
within the same crop in a system with one single harvest at
9 months. The samples used for analysing the chemical
composition and HCN content at different stages of
maturity (young and old leaves) were taken after 9 months
of uninterrupted growth (1-Harvest) in both years. Samples
were taken with four replicates per cassava variety and year.
The young stage of maturity was classified as the four
youngest leaves from the top of the foliage, while the old
stage of maturity consisted of the four oldest green leaves
from the foliage at the bottom of the stems.
All foliage samples were chopped into 1 to 2 cm lengths
and preserved within a day before being sent to the
laboratory. The samples for determining DM, CP, ash,
neutral detergent fibre (NDF), acid detergent fibre (ADF)
and total tannins were stored at 4C. The samples for
analysing the HCN content were stored at -30C until
analysis to avoid variations in the HCN content due to
temperature. Dry matter, total tannins and HCN content
were analysed according standard methods of AOAC
(1990). Nitrogen (N) was determined by the Kjeldahl
procedure (AOAC, 1990). Neutral detergent fibre and ADF
were determined by the methods of van Soest et al. (1991).
Statistical analysis
The data were analysed using the GLM procedure of
SAS software (SAS, 2008). Treatment means which showed
significant differences at the probability level of p<0.05
were compared using Tukey’s pair-wise comparison
procedures. There was a lack of significance for the variable
year and its interactions with treatments and varieties. The
lack of significance of year and its interactions was
applicable for all the response variables (yield and chemical
components). Therefore year and its interactions were
excluded from the model and the final statistical model for
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Table 1. Dry matter and crude protein yield of three varieties of cassava foliage with a three-, two- or one harvest system at 3, 6 or 9
months after planting (tons/ha)
Month after planting
Component

Variety1

1-Harvest
Month 9

Dry matter yield (ton/ha)
K94
5.3cX
K98-7
4.5cZ
Local
4.8cY
Crude protein yield (ton/ha)
K94
1.00cX
K98-7
0.80cZ
Local
0.89cY

2-Harvests

3-Harvests

SEMHarvest SEMTotal

Month 6

Month 9

Total

Month 3

Month 6

Month 9

Total

4.5
4.0
4.1

1.6
1.4
1.6

6.1bX
5.4bZ
5.7bY

2.0
1.7
1.7

2.8
2.5
2.5

1.6
1.4
1.6

6.3aX
5.6aZ
5.8aY

0.16

0.05

0.85
0.75
0.76

0.32
0.28
0.31

1.17bX
1.02bZ
1.07bY

0.44
0.39
0.34

0.55
0.46
0.55

0.31
0.27
0.36

1.30aX
1.11aZ
1.26aY

0.04

0.009

1

Cassava varieties: K94, K98-7 and local = very bitter, medium bitter and sweet taste, respectively.
a,b,c
Numbers followed by the same letters were not significantly different (p<0.05) within a row.
X,Y,Z
Numbers followed by the same letters were not significantly different (p<0.05) within column.
Least square means and standard error of means (SEM).

analysing the yield of biomass, DM, CP, chemical
composition and HCN content was: Yijk = +Hi+Vj+HVij
+eijk, where Yijk is the dependent variable,  is the overall
mean, Hi is the effect of harvesting interval, Vj is the variety
effect, HVij is the interaction between harvesting intervals
and variety and eijk is the random error, independent and
normally distributed.
The statistical model for analysing the chemical
composition and HCN content of cassava foliage at
different stages of maturity was: Yijk = +Vi +Mj+VMij+eijk,
where Yijk is the dependent variable,  is the overall mean,
Vi is the effect of variety, Mj is effect of stage of maturity,
VMij is the interaction between variety and stage of
maturity and eijk is the random error, independent and
normally distributed.

The CP content of the foliage did not differ in variety,
but differed by harvest interval. Numerically highest CP
content in foliage was obtained at the 3 month cut under the
three harvest frequency treatment and the lowest CP content
was obtained at the 9 month cut under the single harvest. In
contrast to the pattern of CP content, the NDF and ADF
fraction in the foliage were higher at the later harvests. The
highest NDF content was obtained at the 9 month cut in the
single harvest treatment. Among the cassava varieties, the
NDF and ADF fractions were generally higher in the local
variety than in the K94 and K98-7 varieties. No significant
differences were found in ash content which ranged from
5.5 to 5.8% of DM.

Effect of harvesting interval, variety and leaf maturity
on total tannin and HCN content
The content of total tannins (Table 3) did not differ
RESULTS
between cassava varieties, but was significantly affected by
Effect of harvesting interval and variety on yield and the harvest interval. Total tannin content in cassava foliage
was significantly higher at the first harvests after planting in
content of nutrients
Table 1 shows that there was a positive correlation the multiple harvest systems, and decreased in the following
between harvesting frequency and total yield of DM and CP, foliage harvest. Among the harvesting times, the content of
with all these being highest in the treatment of harvests total tannins was highest at 9 months after planting in the
every three months after planting. Lower yields were lower single harvest treatment. The HCN content in foliage was
with two harvests and yet lower with only a single harvest 9 affected by both harvesting interval and variety. The highest
months after planting. Significant differences in total DM HCN content was obtained in the harvests at 6, and 9
and CP production were also obtained between the varieties months in the three harvest system and the harvest at 9
months in two the harvest system. The HCN content
at all harvesting frequencies (Table 1).
Harvesting interval affected the chemical composition decreased significantly when the first harvest was delayed.
of the cassava foliage (Table 2) and significantly higher DM Among the cassava varieties, the highest HCN content in
content was obtained at the 9 month cut in both the three foliage was found in the K94 variety and the lowest in the
harvest and two harvest treatments while the highest DM local variety.
Comparing the chemical composition of cassava leaves
content was found in the single harvest treatment. The DM
at
different
stages of maturity (young and old) within the
content was significantly higher in the local variety, while
one
harvest
system
shows that the content of total tannins in
the K98-7 and K94 varieties did not differ significantly.
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Table 2. Dry matter and nutrient content of three varieties of cassava foliage with a three, two or one harvest system at 3, 6, and 9
months after planting
Month after planting
Content

Variety1

Dry matter (DM, %)
K94
K98-7
Local
Crude rotein (% of DM)
K94
K98-7
Local
Ash (% of DM)
K94
K98-7
Local
NDF (% of DM)
K94
K98-7
Local
ADF (% of DM)
K94
K98-7
Local

1-Harvest

2-Harvests

3-Harvests

SEM

Month 9

Month 6

Month 9

Month 3

Month 6

Month 9

28.2aY
27.8aY
29.2aX

26.1bY
26.4bY
27.4bX

22.7cY
22.5cY
23.4cX

19.1dY
19.4dY
20.3dX

19.8dY
19.8dY
21.0dX

22.4cY
22.2cY
23.2cX

0.33

18.6b
18.6b
18.5b

19.5ab
19.4ab
19.6ab

19.7ab
19.8ab
19.6ab

20.7a
20.5a
20.8a

20.0ab
19.9ab
20.1ab

19.7ab
19.4ab
19.6ab

0.43

5.8
5.7
5.8

5.6
5.5
5.6

5.6
5.5
5.6

5.7
5.5
5.7

5.7
5.5
5.7

5.8
5.5
5.7

0.11

39.4aY
39.4aY
43.2aX

38.8abY
38.3abY
41.0bX

37.9b
37.8b
38.5c

36.4cY
36.5cY
38.1cX

36.7cY
36.4cY
38.4cX

37.9b
37.7b
38.5c

0.53

28.5aY
28.3aY
31.6aX

27.4bY
27.1bY
29.5bX

25.6cY
25.5cY
27.3dX

27.0bcY
26.8bY
28.2cX

26.2cXY
25.8cY
27.0dX

26.0cXY
25.7cY
26.8dX

0.59

1

Cassava varieties: K94, K98-7 and local = very bitter, medium bitter and sweet taste, respectively.
Numbers followed by the same letters were not significantly different (p<0.05) within a row.
X,Y
Numbers followed by the same letters were not significantly different (p<0.05) within column.
Least square means and standard error of means (SEM).
a,b,c,d

DISCUSSION

older leaves was higher in all varieties (Table 4). Older
leaves also had a higher content of DM, NDF and ADF. The
opposite trend was found for the HCN and CP contents,
which were higher in the younger leaves.

Effect of harvesting interval and variety on yield and CP
Different harvesting intervals had a considerable effect
on the foliage yield of DM and CP of the three cassava

Table 3. Content of total tannins and HCN of three varieties of cassava foliage with a three, two or one harvest system at 3, 6, and 9
months after planting
Month after planting
Content

Variety1

Total tannins (% DM)
K94
K98-7
Local
HCN content (mg/kg DM)
K94
K98-7
Local
1

1-Harvest

2-Harvests

3-Harvests

SEM

Month 9

Month 6

Month 9

Month 3

Month 6

Month 9

4.36a
4.20a
4.13a

3.77b
3.70b
3.44b

2.42d
2.34d
2.21d

2.86c
2.76c
2.74c

2.50d
2.40d
2.23d

2.17d
2.09d
2.06d

1,736eX
1,294eY
1,056eZ

2,069dX
1,641dY
1,318dZ

3,097cX
2,655bY
2,258bZ

3,225bX
2,498cY
1,716cZ

Cassava varieties: K94, K98-7 and local = very bitter, medium bitter and sweet taste, respectively.
a,b,c,d,e
Numbers followed by the same letters were not significantly different (p<0.05) within a row.
X,Y,Z
Numbers followed by the same letters were not significantly different (p<0.05) within column.
Least square means and standard error of means (SEM).

3,689aX
3,067aY
2,567aZ

3,210bcX
2,714bY
2,376bZ

0.18

42.8
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Table 4. Dry matter (DM) content, chemical composition and HCN content of three varieties of cassava foliage at different stages of
maturity at root harvest, 9 months after planting
K941

K98-71

Local1

SEM

Oldest

Youngest

Oldest

Youngest

Oldest

Youngest

30.3b

25.5d

30.1b

25.4d

31.2a

26.4c

0.39

18.3b
5.9
39.8b
30.6a
4.40a

20.5a
5.8
33.5c
24.7b
3.90b

18.0b
5.9
39.7b
30.7a
4.32a

20.6a
5.7
33.4c
24.6b
3.90b

17.8b
6.0
44.0a
30.9a
4.26a

20.4a
5.8
35.3c
26.5b
3.86b

0.36
0.11
0.87
0.89
0.07

Dry matter content (%)
Content (% of DM)
Crude protein
Ash
NDF
ADF
Total tannins
Content (mg/kg DM)
HCN

1,469b

1,988a

1,155c

1,479b

985d

1,197c

22.34

1

Cassava varieties: K94, K98-7 and local = very bitter, medium bitter and sweet taste, respectively.
a,b,c,d
Numbers followed by the same letters were not significantly different (p<0.05) within a row.
Least square means and standard error of means (SEM).

varieties examined in the present study. Higher harvesting
frequencies gave greater yields of total DM and CP.
According to Phengvilaysouk and Wanapat (2008), the total
DM yield of cassava foliage for three cuts performed every
2 months from 4 months after planting was 6.5 tons/ha,
while higher yields (7.5 tons/ha) were obtained for four 2monthly cuts starting 2 months after planting. Khang et al.
(2005) also showed that when cassava foliage was
harvested in 4, 3 and 2 cuts (every 45, 60 and 90 d,
respectively, starting 105 d after planting), DM production
was 4.57, 3.53 and 2.49 tons/ha, respectively. The total DM
production of cassava foliage in the present study (5.3 to
6.3 tons/ha) was in the range reported by Wanapat (2001),
who found that the total DM yield of foliage can vary from
2 to 8 tons/ha, depending on cassava variety, cultivation
practices and fertiliser supply.
Even though a single harvest, at 9 months after planting,
produced higher yields than any other harvests in the
months, it did not result in a higher total foliage yield and
CP yield than those from multiple harvest during the
growing seasons. Taiz and Zeiger (1998) claimed that the
physiological development such as growth stage of the
plant is also an important factor affecting the foliage
production. The leaves drop following sequential
senescence as they reach a certain age, which in cassava
occurs from 60 to 120 d. Through harvesting foliage every
3 months as in the three harvest treatment, it may be
possible to avoid leaves reaching the stage of senescence.
With more frequent cutting the plants could also produce
higher quantities of foliage through stimulating faster regrowth of new shoots (Du Toit et al., 1990).
Khang et al. (2005) reported that the biomass foliage
production of cassava was only about 2.2 tons/ha at 285 d
after planting, which was much lower than the yield at 9
months in the treatment of a harvest in the present

experiment (5.3 tons/ha). However, according to Ravindran
(1993) and Mui (1994), foliage production can be
approximately 5 tons of DM/ha at root harvesting. This
variation could be due to cassava variety effect, planting
date, water and fertilizer supply (Simwambana et al., 1992;
Phengvilaysouk and Wanapat, 2008). Because the planting
date in the present study was different from the cited studies,
differences in weather conditions at different growth stage
of plant development may contribute to the differences in
cassava foliage yield. Sagrilo et al. (2006) found that the
total production of fresh cassava leaves depended very
much on climate parameters such as temperature and
humidity. The average temperature and rainfall in the
experimental area (Figure 1) gradually increased from April
and was highest from July to September. Thus, the main
season of cassava cultivation in northern Vietnam for
foliage production should start in March each year in order
to get the highest foliage yield during the rainy period from
May to September. In the months of non growing season,
foliage yield would probably be low because of
unfavourable weather conditions such as low rainfall,
temperature, sunshine or even fog.
The different cassava varieties produced different
amounts of foliage, as also reported in many previous
studies (Simwambana et al., 1992; Phengvilaysouk and
Wanapat, 2008). In the present study, the K94 cassava
variety always produced a higher yield of fresh biomass, or
DM yield and CP was higher than the K98-7 and local
varieties. This could be explained by the fact that the K94
cassava variety is slowly maturing (9 to 11 months) than
other tested varieties and accumulated more biomass
through production of large main stems, high proportion of
twigs on the main stems and both large and thick leaf blades.
In the K98-7 variety foliage production tended to decline
faster over time compared with the local variety. This could
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be due to early maturity (7 to 10 months) and having been
developed for more root yield.
Effect of harvest interval, variety and leaf maturity on
nutrient and HCN content
According to the development stages of the cassava
plant presented by Alves (2002): emergence of sprouting
normally takes from 5 to 15 d after planting, leaf
development begins at 15 to 90 d after planting along with
the formation of root system and the establishment of
canopy happens through well-developed stems and leaves at
approximately 90 to 180 d after planting and carbohydrate
translocation to roots occurs mainly during the period 180
to 300 d after planting followed by dormancy at 300/360
days (Alves, 2002). The same author (Alves, 2002) also
mentions that under tropical conditions, the maximum
growth rate was achieved at 3 to 5 months while, under less
favourable conditions this occurs later. In the present study,
the harvests at 3 and 6 months after planting took place at
the start and end of the period of canopy establishment,
respectively. This assumption is confirmed by the fact that
the yield at the 6 month harvest was highest in the 3-harvest
system indicating that this harvest took place after a period
of high growth rate of leaves and stems. The harvest at 9
months would be during the phase when a large amount of
carbohydrates are partitioned to the roots. It is also the stage
where the senescence of leaf increases. The lower DM yield
at 9 months in the 3-harvest system is therefore not
surprising.
The three varieties differ somewhat in appearance and
growth. The K94 variety had bigger and softer stems
compared to the local variety while the K98-7 was
intermediate in this aspect. However, there were no
differences between the three varieties in CP, and tannin
content and the comparatively small differences in DM,
NDF and ADF content. This lack of major difference
indicates that the difference in stem appearance had no
major influence on the nutritive value of the foliage.
Furthermore, it may also indicate that there were no large
differences in stage of development between the three
varieties within harvesting occasion. However, stage of
development was not monitored in the experiment and
therefore this hypothesis cannot be confirmed.
Large differences in HCN content between different
cassava varieties have been reported in many studies (Hang
and Preston, 2005; Ubi et al., 2008). Furthermore, Gômez
and Valdivieso (1985) found that foliage HCN content in
different varieties did not follow the same response pattern
in relation to harvesting times. However, in the present
experiment the varieties showed a similar response pattern
with regard to the different harvesting frequencies even
though there were large differences in the level of HCN
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content which seems to indicate that the effect of harvesting
frequency on HCN content follows a general pattern.
Unfavourable conditions such as drought for long periods
are known to increase the HCN content (El-Sharkawy,
2006). In the present study the cassava plants were irrigated
twice per month expect when it was raining and should not
be a factor affecting the HCN content. During the last
harvest, at month 9, the weather was drier and cooler
compared with the previous harvest but not to such an
extent that it should affect the HCN content.
The variation in foliage DM content over time could be
due to differences in varieties but other factors such as plant
lignification, environmental conditions, and plant age can
also be important (Elias et al., 2001; Alves, 2002; Sagrilo et
al., 2006). Our results showed that the DM content of the
foliage increased with time in the first harvests at 3, 6 or 9
months after planting (Table 2). Old cassava leaves had a
higher DM content than young leaves at 9 months in the
treatment of a single harvest (Table 4). Similarly, Sagrilo et
al. (2006) showed that the DM content of cassava leaf
blades and stems increased with harvesting interval from 2
to 12 months after planting. They also showed that the
highest water content in foliage occurred in the period of
more intense leaf production, owing to the period of high
rainfall that occurred simultaneously. This was confirmed in
the present study, in which the DM content of cassava
foliage of all varieties was lowest at the 3 and 6 month cuts
in the three harvest treatment where the annual rainfall was
highest during the year. Among the cassava varieties, the
DM content of foliage tended to be higher in the local
variety than in the other varieties.
According to Goméz and Valdivieso (1985), the CP and
fibre content are the two chemical components that are
mainly affected by increasing plant age, with CP decreasing
and fibre content increasing as the biomass becomes older.
In the present study, the protein content of the foliage was
not significantly different by the varieties or harvest
intervals, except for the CP content at the 3 month cut under
the three harvests compared with the 9 month cut in the
treatment of a harvest. This difference in CP content in
plant foliage was also observed by Ravindran and
Ravindran (1988) and Awoyinka et al. (1995) and could be
due to different stages of maturity. In general, the CP
content in the young leaves was significantly higher than
that in the old leaves, and there was no difference in CP
content between cassava foliage of the same age at the
subsequent cuts every 3 months.
Peter and Constabel (2002) showed that the
concentration of tannins varies widely between plant
species. The induction of tannin formation is known to be
important for defence against herbivores or as a response to
mechanical damage. The variation in content of total
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tannins in cassava foliage in the present study showed the
same trend as reported by Ravindran and Ravindran (1988),
Hong et al. (2003), Khang et al. (2005) and Phengvilaysouk
and Wanapat (2008), total tannin content in foliage
increased with plant maturity. However, the content of total
tannins in foliage declined slightly in the subsequent
harvests (Table 3). According to Du Toit (1990), heavy
pruning or browsing reduces nutrient competition in shoots
and stimulates shoot re-growth. However, high
carbohydrate demands generated by the rapid re-growth
limit the substrate of carbon-based secondary metabolite
synthesis, so the total tannin content in the new shoots is
possibly lower in subsequent harvests. The range of total
tannin content observed in cassava foliage in the present
study (21 to 44 g/kg DM) was somewhat lower than the 30
to 50 g/kg DM reported by Ravindran (1993), but similar to
the range observed by Khang et al. (2005). The content of
total tannins did not differ between the cassava varieties
tested here, but may differ in other cassava varieties under
different experimental conditions (Goméz and Valdivieso,
1985). The content of total tannin content was lower in
younger compared with older leaves at the single harvest at
9 months (Table 4) but the level was considerably higher
than the tannin content in the foliage of the 3-harvest
system indicating that the low tannin content in the foliage
of the multiple harvest systems was not only an effect of
leaf age but also an effect the more frequent cutting.
The cyanogenic glycosides linamarin and lotaustralin
are known to be precursor compounds to the liberation of
HCN on hydrolysis in cassava tissues. According to Vetter
(2000), cyanogenic glycosides are mainly synthesised in the
cotyledons of etiolated seedlings or in the young green
leaves of mature plants and transported to other parts of the
plants, such as roots. The variation in HCN content in
cassava foliage is strongly decided by genetic factors
(Caradus et al., 1990; Ravindran, 1993; Gleadow and
Woodrow, 2002), and in the present study the HCN content
was very different in the three different cassava varieties. At
different harvesting frequencies, the HCN content increased
by 20% of the total amount at the subsequent harvesting
occasions compared with the first harvest. The HCN
content was comparatively low in the initial harvests,
irrespective of when this occurred after planting. However,
when comparing Table 3 with Table 4, it can be seen that
the HCN content in young leaves on the older plant with
undisturbed growth until 9 months was much lower
compared with the leaves harvested with 3 month intervals.
This indicates that the high HCN content in the 3-harvest
foliage is not only an effect of leaf age, but also an effect
plant age at harvest. Furthermore, the increase in HCN
content from the 1st to the the 2nd and 3rd harvests in the
multiple harvest systems shows that there is also an increase

in HCN content in the foliage when the plant is repeatedly
harvested. A decrease in the cyanogenic glycosides with
leaf maturation has been reported in other plant species, for
example in Grevillea by Lamont (1993) and in Macadamia
by Dahler et al. (1995), and forage sorghum. Nutritional
factors, especially N supply, and sudden changes in
temperature have the most pronounced effects on the actual
level of cyanogenic glycosides (Caradus et al., 1990;
Ravindran, 1993; Dahler et al., 1995; Gleadow and
Woodrow, 2002). In practise, K98-7 and local varieties
could be cultivated and used as supplemental feed for
ruminants either as fresh, wilted, hay or silage, while the
K94 variety should be used as hay or silage only to avoid
the toxicity caused by very high concentrations of HCN.
CONCLUSIONS
The highest harvesting frequency with 3 harvests gave
the highest total DM foliage production, giving only
slightly higher yields (+2 to 4% for different varieties)
compared with 2 harvests but a considerably higher foliage
yield (+19 to 24%) compared with one single harvest. The
greatest advantage of many harvests is that forage can be
supplied several times over the season without lower total
foliage production. The K94 cassava variety gave a higher
foliage DM yield in the three harvesting treatments, ranging
from 13 to 18%, and 7 to 10% higher compared with the
K98-7 and the local variety, respectively.
Comparatively small differences were found in the CP,
NDF and ADF content between varieties and harvesting
intervals. The content of total tannins in cassava foliage
increased with increasing leaf maturity at harvest but no
differences were obtained between varieties. In contrast, the
HCN content in cassava foliage was much lower (28 to
42% lower) in the local variety and it also declined with
foliage maturity.
Viewing both yield and contents, it can be concluded
that the three harvest system gives the highest yields, the
highest CP content and the lowest tannin contents along
with a more even foliage supply over the season. However,
the three harvest system also gives the highest HCN
contents. The local variety gave a somewhat lower yield but
a much lower HCN content compared with the K94 variety.
Therefore, the local sweet variety in a three harvest system
may be an interesting alternative for the farmers, especially
when feeding fresh foliage to animals where a high HCN
content may be a problem.
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