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Abstract Addition of tree or shrub prunings
through alley cropping or biomass transfer systems
have contributed to sustainable land-use systems in
the tropics. Long term productivity of biomass
transfer systems require shrub or tree species that
coppice after cutting to provide sufficient plant
nutrients. The effect of pruning frequency and cutting
height on the biomass production of Tithonia diver-
sifolia was studied to provide information for man-
aging hedges. Results showed that height of cutting,
pruning frequency, and their interactions significantly
affected dry matter production of 7. diversifolia. The
results also showed that a significantly higher
biomass production could be produced when
Tithonia was pruned at long time intervals. Pruning
height was also of importance in the harvesting of
Tithonia biomass and it was evident that dry matter
production was highest when Tithonia was pruned
bimonthly at 50 cm height. With bi-monthly pruning
frequency, dry matter production could be as high as
7.2 t ha~"' yr~! which might be a sufficient biomass to
improve soil productivity in biomass transfer systems.
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Introduction

Declining soil fertility remains the fundamental
reason for declining smallholder food production in
sub-Saharan Africa even when improved germplasm
has become available (Gruhn et al. 2000; Smaling
et al. 1997). This poses threats to food security and
livelihoods of the populations in the region. Although
some efforts have been made in making inorganic
fertilizers affordable to farmers (such as provision of
subsidies for fertilizer purchase), the resource-poor
farmers are unable to meet fertilizer requirements for
their farms. Farmers are therefore faced with increas-
ing difficulties in their attempts to maintain high
productivity in intensively cropped farms.

The application of organic materials such as tree or
shrub prunings with relatively high nutrient compo-
sition and fast decomposition properties have been
recommended either as sole soil amendments or in
combination with mineral fertilizers (Gachengo et al.
1999; Nziguheba et al. 2000; Quinkenstein et al.
2009). The addition of these tree or shrub prunings
through alley cropping or biomass transfer systems
have made substantial contributions to the develop-
ment of sustainable land-use systems in the tropics by
providing a cost-effective mechanism for optimizing
crop yields for efficient and stable crop production
(Kang 1997; Young 1997). These systems combine
the regenerative properties of bush fallow system
(Nye and Greenland 1960) with herbaceous crop
production. The periodic pruning and return of
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residues from hedgerow trees or shrubs through alley
cropping or biomass transfer, contribute to recycling
of plant nutrients, improvements in soil temperature,
enhancement of soil structure, erosion control, and
maintenance of microbial activity and high soil
nutrient status (Isaac et al. 2003; Lin et al. 2009;
Wang et al. 2010). This enhancement is crucial in
many areas of the humid and sub-humid tropics
dominated by soils of low cation exchange capac-
ity—the so-called low-acidity clay soils that may
quickly lose their fertility if fallow periods, or some
analog to fallow conditions, are not imposed (Kang
1991). Moreover, long term productivity of alley
cropping or biomass transfer systems require shrub or
tree species that can coppice vigorously after each
cutting (Latt et al. 2000). With many of the soil
fertility and nutrient cycling benefits of agroforestry
systems derived from the production and decompo-
sition of tree biomass (Nair et al. 1999), optimal
biomass production would be expected at each
cutting to provide sufficient amount of nutrients to
meet crop nutrient demands (Latt et al. 2000).
Investigations of the effect of cutting frequency and
cutting height on coppicing and biomass production
have been undertaken and differences in production
due to various cutting regimes have been found with
many species such as Leucaena leucocephala and
Gliricidia sepium (Guevarra et al. 1978; Latt et al.
2000) and not Tithonia diversifolia. Addition of
biomass obtained from T. diversifolia has been shown
to improve crop yields and enhance nutrient availabil-
ity (Cong and Merckx 2005; Gachengo et al. 1999;
Ikerra et al. 2006; Jama et al. 2000). Although
T. diversifolia has confirmed potential for biomass
transfer (Gachengo et al. 1999; Jama et al. 2000), little
is known if its biomass production is influenced by
different pruning regimes and pruning heights. Con-
sidering the importance of such information in the
management of T. diversifolia hedges, this study was
conducted to assess the effect of pruning frequency and
cutting height on biomass production of T. diversifolia.

Materials and methods
The study was conducted at the Department of
Horticulture of the Kwame Nkrumah University of

Science and Technology, Kumasi (KNUST), Ghana.
The area falls within the moist semi-deciduous forest
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zone of Ghana and receives a bimodal rainfall, with
the major wet season between May and July. This
area experiences two dry periods: in August and in
December to March. The annual rainfall ranges
between 1200 to 1500 mm with a mean annual
temperature of 26.6°C and a mean annual humidity of
67.6%. The soils are classified as ferric acrisol (FAO
1988) with a sandy-loam textural class.

Experimental design and sampling procedure

Established stands of T. diversifolia at the Depart-
ment of Horticulture, KNUST were used for this
experiment. Tithonia plants used in the experiment
were 5 years old before biomass harvests began in
2008. Tithonia plants were planted at a 1 m x 1 m
spacing with ten (10) plants per treatment. Treat-
ments were separated by a row of five Tithonia plants
as buffers. The experiment was arranged in a split-
plot design with treatments randomly arranged in four
blocks. Treatments consisted of three cutting heights
(which were 25, 50 and 100 cm above the ground and
coded as H1, H2, and H3 respectively) and three
cutting frequencies (2-, 4-, and 8-week interval as F1,
F2, and F3 respectively). Cutting height (CH) repre-
sented whole-plot treatments whilst pruning fre-
quency (PF) was designated as sub-plot treatment.

When the study began, mean shrub height was
2.3 m. All Tithonia plants were initially cut back to
the designated cutting height treatment and the
pruning frequency treatments were subsequently
imposed. At each subsequent cutting, all coppice
sprouts on the stumps were cut back to within 1 cm
of the stump. Number of shoots and fresh weight of
the coppice production (green stems and leaves) were
recorded after each cutting. Subsamples from each
plot were taken to the laboratory and oven-dried at
65°C to constant weight. Percentage dry weight of the
original fresh weight was used to determine total plot
dry matter. Yield (production) assumed a plant
density of 5000/ha (which is derived from a typical
alley cropping spacing of 0.5 m x 4 m) (Erdmann
et al. 1993).

Data on shoot number and dry matter production
were analyzed using general analysis of variance
procedures in GENSTAT 11.1 (VSN International
2008). Treatment means were compared using least
significant difference (P = 0.05). Multiple linear
regression models were fitted to determine if cutting
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frequency and cutting height were significantly
(P = 0.05) correlated to shoot development and dry
matter production.

Results
Shoot number

Pruning frequency and its interaction with cutting
height significantly (P < 0.001) influenced mean
shoot number. Shoot production tended to be highest
(19.7) at H2 and lowest (17.3) at H3. With respect to
pruning frequency, mean number of shoots decreased
with decreasing pruning frequency: F3 (14.7) < F2
(18) < F1 (22.3). The cutting height by pruning
frequency interaction, indicated that pruning frequen-
cies F1, F2, and F3 favoured shoot production in H2,
H1, and H3 respectively (Fig. 1). Multiple regression
analysis showed there was a significant correlation
(P < 0.001, * = 0.64) between pruning frequency
and shoot production.

Biomass production

Analysis of variance test showed significant
(P < 0.001) effect of pruning frequency, cutting
height, and their interaction on the dry matter
production of T. diversifolia. Regardless of cutting
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Fig. 1 Mean number of shoots as affected by pruning frequency
(F1 = 2-week interval, F2 = 4-week interval, F3 = 8-week
interval) and cutting height (HI = 25 cm, H2 = 50 cm, H3 =
100 cm). Data points are the means of four replicates. Error bars
represent standard error of means

heights and pruning frequencies, dry matter content
(in leaves + stems) was estimated to be (15 £ 5) %
of fresh weight. All pruning height treatments
markedly decreased biomass production from the
2nd to the 8th week of the experiment at F1 (Fig. 2).
Although there was a rise in biomass production
(particularly at H3) after 8 weeks, signs of mortality
were prevalent among treatments after 12 weeks.
Patterns of dry matter production at F2 were
quite consistent with F1 during the first 16 weeks of
the experiment (Fig. 3). Biomass production fell to
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Fig. 2 Dry matter production of 7. diversifolia as influenced
by cutting height (Hl =25cm, H2 =50 cm and H3 =
100 cm) at two-week (F1) pruning frequency over 48 weeks.
Data points are the means of four replicates. Error bars
represent standard error of means
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Fig. 3 Dry matter production of 7. diversifolia as influenced
by cutting height (H1 =25cm, H2 =50 cm and H3 =
100 cm) at four-week (F2) pruning frequency over 48 weeks.
Data points are the means of four replicates. Error bars
represent standard error of means
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Fig. 4 Dry matter production of T. diversifolia as influenced
by cutting heights (H1 =25 cm, H2 =50 cm and H3 =
100 cm) at eight-week (F3) pruning frequency over 48 weeks.
Data points are the means of four replicates. Error bars
represent standard error of means

nearly zero following three times of pruning. Con-
versely, ‘stump-life’ or survival tended to be longer
(approximately 40 weeks) in stumps pruned at F2.
The pattern of dry matter production at F3 was
similar among all pruning heights (Fig. 4). There was
a drastic decline in dry matter production from 8§ to
16 weeks, which then increased sharply to 24 weeks
and then decreased gradually till the 48th week.
Polynomial models describing the cumulative dry
matter production of 7. diversifolia as influenced by
the interactive effect of pruning frequency and
cutting height (Figs 2, 3, 4) are shown in Table 1.

Table 1 Polynomial models for cumulative dry matter pro-
duction of T. diversifolia as influenced by pruning frequency
and cutting height

Treatment Polynomial model R?

HIF1 Y = —0.0003x% + 0.017x + 0.22 0.80
H2F1 Y = —0.0003x* + 0.017x + 0.25 0.73
H3F1 Y = —0.0004x* + 0.027x + 0.16 0.77
HIF2 Y = —0.011x* + 0.267x + 0.72 0.98
H2F2 Y = —0.018x* + 0.367x + 0.27 0.97
H3F2 Y = —0.018x* + 0.336x + 0.43 0.98
HIF3 Y = —0.07x% + 1.007x + 1.22 0.97
H2F3 Y = —0.158x% + 2.552x + 1.21 0.98
H3F3 Y = —0.165x> + 2.135x — 0.26 0.96
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Fig. 5 Dry matter production of 7. diversifolia as affected by
cutting height (Hl = 25 cm, H2 = 50 cm and H3 = 100 cm
of cuttings) (a) and pruning frequency (F1 = 2-week interval,
F2 = 4-week interval, F3 = 8-week interval) (b). Data points
are the means of four replicates. Error bars represent standard
error of means

Dry matter production rate as shown by the slope
of the curves described in Table 1 was highest in H3,
H2, and again H2 for pruning frequencies, F1, F2,
and F3 respectively. Among cutting heights, mean
dry matter production was highest (4.3 t ha™') in H2
and lowest (2.3 t ha™!) in H1 (Fig. 5a). Regardless of
cutting height, dry matter production generally
decreased with increasing pruning frequency
(Fig. 5b). Among cutting height and pruning fre-
quency interaction, biomass production was highest
in H2F3 and lowest in H1F1. Biomass production for
F1 was low compared to F2 and F3. In addition, dry
matter production in plants pruned at F3 was
approximately 3 times that of plants pruned at F2
(Table 2). Regardless of cutting height, mean dry
matter production was 7.2 t ha~' when 7. diversifolia
was pruned at F3. Multiple regression analysis
showed there was a significant (P < 0.001, I
0.19) correlation between pruning frequency and dry
matter production.



Agroforest Syst

Table 2 Total dry matter production of 7. diversifolia as
affected by the interaction between pruning frequency and
cutting height over 48 weeks

Treatment Total dry matter
production (t ha )

HI1F1 0.0046

H2F1 0.0048

H3F1 0.0054

HIF2 2.36

H2F2 2.10

H3F2 1.98

HIF3 4.68

H2F3 10.64

H3F3 6.52

LSDy 05 0.343

C.V. (%) 6.8

F1 = 2-week interval, F2 = 4-week interval, F3 = 8-week
interval, Hl = 25 cm, H2 = 50 cm, H3 = 100 cm

Discussions and conclusion

Cutting height, pruning frequency, and their interac-
tion significantly influenced dry matter production of
T. diversifolia. Similar studies with 7. diversifolia are
rare. While similar studies have been conducted with
G. sepium and L. leucocephala, it is often difficult to
compare biomass production of agroforestry shrubs in
one study to another as plant age, cutting height, plant
density, percent dry matter of fresh weight, and plant
part weighed (i.e. leaves, green stems, or woody
stems) may differ. Dry matter production of G. sepium
and L. leucocephala increased with increasing
pruning height and decreasing pruning frequency
(Duguma et al. 1988). A follow-up experiment
(Erdmann et al. 1993) did not confirm the effect of
cutting height on biomass production. Discrepancies
between tests were attributed to sampling errors and
did not dispute the assertion that increasing cutting
height increased biomass production (Duguma et al.
1988). Even though dry matter production in this
study did not strictly increase from H1 to H3, it was
evident that dry matter production at H2 and H3 were
significantly higher than at H1 (the lowest cutting
height), which might support an hypothesis that increas-
ing cutting height increased dry matter production.

The hypothesis that frequent cutting decreases
biomass production in agroforestry trees (Latt et al.
2000) was confirmed by this study. Several studies

have demonstrated that increased frequency of cutting
decreases subsequent biomass production in woody
species used in tropical alley cropping systems
(Duguma et al. 1988; Ella et al. 1989; Guevarra
et al. 1978). Although this experiment did not
investigate the dynamism in reserve carbohydrates
and soluble sugar with increasing pruning frequency,
biomass production in many agroforestry species has
been related to reserve carbohydrates which are major
influential factors of biomass production in plants.
According to Harrington (1989), repeated defoliation
of plants at short intervals depleted reserve carbohy-
drates. Harrington’s assertion was in support of
observations made by Latt et al. (2000) when they
studied the interactions among cutting frequency,
reserve carbohydrates, and post-cutting biomass pro-
duction in G. sepium and L. leucocephala in Ibadan,
Nigeria. They observed from their study that frequent
cutting progressively decreased concentrations of
starch and total reserve carbohydrates in G. sepium
and L. leucocephala which was also linearly corre-
lated to dry matter production. The evidence strongly
supports the idea that plants mobilize reserve carbo-
hydrates to rebuild photosynthetic tissue after cutting,
defoliation, or seasonal loss of foliage. It is therefore
reasonable to assume that if trees are cut too
frequently; carbohydrate reserves will be progres-
sively depleted unless sufficient time for replenish-
ment is allowed between cuts (Latt 1996). This
intermittent interruption of temporal cycles of carbo-
hydrate reserves owing to increased pruning frequency
may therefore account for the decreased dry matter
production in T. diversifolia.

The ability of trees in early-successional agrofor-
estry systems to coppice after being cut or pruned is
important since many of the soil-fertility and nutrient-
cycling benefits of agroforestry systems are derived
from the decomposition and release of plant nutrients
from tree biomass (Latt et al. 2000; Nair et al. 1999).
As observed in this study, frequent prunings nega-
tively affected the survival of T. diversifolia stands.
With bi-weekly pruning frequency, about 90% mor-
tality was recorded within 3 weeks for all pruning
heights. The strong negative effect of frequent prun-
ing on the survival of T. diversifolia stands may in part
be due to the age of the plants used in this trial.
Chadhokar (1982) and Duguma et al. (1988) observed
that frequent cuttings in the year of establishment had
a negative effect on Gliricidia yield in later years.
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Further studies are needed to determine if the effect
of pruning height is the same for older and more
established stands than those used in this experi-
ment. Following the above observations, the man-
agement of T. diversifolia would require prudent
decisions on when to harvest the biomass. The
results showed that more biomass was produced
when T. diversifolia was pruned at long pruning
intervals. Pruning height was also of importance in
the harvesting of the biomass as shoot and dry
matter production were greatest when T. diversifolia
was pruned at 50 cm height. This height would be
comfortable to farmers as they would not have to
bend so much. With a bi-monthly pruning frequency
(F2), dry matter production could be as high as
7.2 tha”' yr~'. While data obtained from the study
have provided a general relationship between prun-
ing frequency, pruning height, and biomass produc-
tion, conclusions may be specific to the age of
plants and the geographical region. Caution must be
taken in making yield predictions for different ages
and climatic regions.
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