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Abstract

Shortage of fodder is a major constraint to livestock production in Nepal. The genetic variation in canopy
biomass production of Bauhinia purpurea L, a very important fodder species in Nepal, was estimated in a
Breeding Seed Orchard in order to examine the potential of simple, low input breeding. Substantial genetic
variation could be observed suggesting that low input breeding based on simple phenotypic selection can
provide biomass gain in the order of 2–5% per year. Very high correlation was observed between stem
diameter (cross section area) and total biomass, making farmer based selection relevant. Jointly, these
results suggest that low input domestication is a promising option for improving fodder production in
Nepal and thereby help to improve rural livelihood and development. A multiple population approach is
recommended.

Introduction

The rural people in Nepal depend on woody spe-
cies for a wide range of materials. It has been
estimated that as much as 35% of livestock feed
requirements, or 5–6 million tons dry matter
equivalent annually, are met from forage collected
from the forest (LSMP 1993). Fodder is by far the
largest biomass product from trees in Nepal; the
consumption of bedding materials (leaves and
small branches from woody species) for livestock
requires about 2/3, while fuel wood requires about
1/7 of the weight of that of fodder (Mahat et al.
1986, 1987a, b).

There is a high degree of interdependence
between cultivation, grazing, and forestry in Nepal.
It is virtually impossible to adjust one aspect of the

nutrient flow without affecting the others (Carson
1992). Livestock is an essential part of almost all
subsistence farming systems in Nepal. Three quar-
ters of all households keep cattle, and half keep
buffalo, goats, and poultry. About two thirds of
Nepal’s livestock owners have less than 1 ha of
land, and women contribute significantly to live-
stock raising (APP 1995). Shortage of fodder is at
the present the major constraint to livestock pro-
duction in Nepal (Pandey 1997; Joshi 2000) and
farm yard manure has been identified as the most
limiting factor in agriculture (Floyd 1997). Intro-
duction of high value fodder species is therefore one
of the most important entry points for improving
the overall agricultural productivity (Carson 1992).

Trees has been an integral part of farmlands in
the hills of Nepal for a long time, and a number of

Agroforestry Systems (2006) 67:273–278 � Springer 2006

DOI 10.1007/s10457-005-4730-0



the most popular fodder species are now much
more common on farmland than in the remaining
forest (Lillesø et al. 2001a). Farmers plant these
species in order to get access to more fodder.
In this context, development of cultivars with
increased production (through recurrent selection
methods based on genetic sound principles) is an
interesting option that can lead to increased
tree fodder production – and thereby contribution
to improved livelihood of a large number of
smallholders in Nepal.

In Nepal, TISC (a tree improvement and silvi-
culture component of HMG/Danida’s sector pro-
gramme for natural resources – NARMSAP) has
initiated domestication programmes for a number
of agroforestry species in collaboration with de-
centralised seed production enterprises and farm-
ers. This collaborative programme includes a range
of seed source types of different selection intensities,
and supports development of decentralised tree
seed trading systems (Dhakal et al. 2001). Tanki
(Bauhinia purpurea L.; Camel foot) is an important
fodder species in tropical and subtropical areas of
Nepal (Lillesø et al. 2001a). It was therefore
obvious to include this species as one among sev-
eral, when the programme for improvement
through selection and breeding was initiated by
TISC in mid 1990s. No a priori knowledge existed
on the potentials of genetic improvement of tanki
at that time, but assessment data has since become
available from the first tanki field experiments
established by TISC. In the present paper, we
estimate the potentials of the tree improvement
activities based on the results from these initial
activities. The present analysis also examines cor-
relation between canopy biomass production
(green or dry weight) and simple stem diameter.
Diameter is much easier to measure, and good
correlation with canopy biomass will therefore
allow simpler selection.

Materials and methods

The breed seedling seed orchard at Teel Kane

Breeding of tanki in Nepal is based on the simple,
low input approach called ‘Breeding Seedling
Orchard’ (BSO) concept (Dhakal et al. 2005;
Barnes 1995). The BSO concept is a robust, low
input breeding programme that combines genetic

development and protection (selection, testing,
breeding, genetic conservation) with commercial
scale seed production. The establishment of BSOs
is a collaborative programme between TISC, de-
centralised tree seed enterprises, villages and
farmers. The collaborative programme includes a
range of different types of seed sources, all based
on low input approaches. BSOs with family con-
trol (as the present studied) thus represent the
most intensive with respect to breeding (Dhakal
et al. 2005).

A tanki BSO was established at Teel Kane
(Chitwan District, Central Development Region)
in 1996. The BSO planting is described in details
by Jha (1996). In summary, it consists of 3 repli-
cated blocks with each 20 progenies. Each repli-
cation (progeny plot) in the BSO consists of 30
trees, and the total number of trees is therefore
20 · 3 · 30 = 1800 trees. The design with repli-
cated offspring (half sib families) is important,
because it allows us to estimate the degree of ge-
netic control behind the phenotypic traits. The 20
progenies are offspring from mother trees selected
in a fairly small area in the Southern part of
Dhading District (Central Development Region)
in Nepal. The 20 seed trees were owned by 17
different farmers in the three village areas (Palpa
Bhanjya VDC: progeny #1; Kumpur VDC:#2, #3,
#4, #19, #22, #23, #24, #26, #27, #28, #29, #31;
and Kamrang VCD: progenies:#11, #12, #16, #17,
#18, #21). The distance from the BSO (trial site)
and the villages (seed trees) is approximately
50 km. It was planned to collect from more seed
trees in order to obtain higher level of diversity in
the BSO. However, only 20 of the selected seed
trees could provide sufficiently amount of seed at
the time of seed collection – probably because
monkeys had already fed heavily on the seed be-
fore the seed collectors arrived.

The first thinning in the BSO was performed at
age 2, when the trees were approximately 4 m of
height. Half of the trees in each progeny plot
(= 15) were cut in each plot (a systematic thin-
ning, where every second tree was removed) and
these cut trees form the basis for the present
analysis. At the time of assessment, 7 trees were
dead, leaving a total of 893 trees to be measured.
Therefore, mortality was considered of no impor-
tance for calculation and analysis of growth. Many
trees had multiple stems, and the diameters were
therefore measured at breast height (1.3 m) on up
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to five largest stems. For each stem, the diameters
(di) were calculated as the mean of two separate
measurements. The weight of all stems was mea-
sured. The dry weight/green weight ratio was
estimated from one tree per plot.

For each tree, the basal area (Ba = cross section
area at 1.3 m) and green weight (Gw) was calcu-
lated as the sum of all stems.

Ba ¼ p=4ðd21 þ d22 þ � � � þ d25Þ ð1Þ

Gw ¼ ðgw1 þ gw2 þ � � � þ gw5Þ ð2Þ

For each plot, the average of the 15 trees was
calculated. The dry/green weight ratios were cal-
culated for each plot based on a single sample per
plot.

The data was then analysed by a simple ANO-
VA according to the model

Yij ¼ lþ Fi þ Bj þ eij ð3Þ

where Fi is the effect of families ðNð0; r2
famÞÞ;Bj is

the effects of block ðNð0; r2
blockÞÞ, and eij is the

residual assumed to be independent Nð0; r2
eÞ. We

did not include effects of collection site (VDC),
because the mother trees are located fairly close.
The trial was balanced with 3 blocks so
EðMSfamilyÞ ¼ 3r2

fam þ r2
e .

As the trial is balanced, the family heritability
could be calculated as:

h2f ¼ 1� ð1=FfamÞ ð4Þ

where Ffam is the F-test for family differences.
The breeding value of each progeny i for green

weight per plot were estimated as

Bi ¼ 100% � h2f � ðY�i � Y�Þ=Y�; ð5Þ

where Yi* is the progeny value for the ith progeny,
and Y* is the average of all progenies. Bij is thus the
family breeding value calculated as deviation from
the trial average in percent multiplied with the
family heritability (= reduced by 1� h2f ). The
breeding value of the ith family can be seen as a
simple estimation of the gains that can be obtained
from using this family for future breeding.

Correlations (Pearson correlation coefficient)
were calculated based on progeny means.

Additive genetic variance (VA) was estimated
from the ANOVA as four times the variation

between progenies (4r2
fam) corresponding to an

assumption of progenies being true half sibs
(Falconer and Macay 1996). Phenotypic variation
(VP) was estimated as pooled variance between
trees within the 30 tree plots, added 0.25 VA

(because plots consist of half sibs). The single tree
heritability (h2) could then be estimated as

h2 ¼ VA=VP ð6Þ

The expected gain from selection of the one best
tree out of 30 neighbouring tanki trees for size
(‘best tree in each plot’) could eventually be esti-
mated as

Gain (1 of 30) ¼ ih2VP=Y
�� ð7Þ

i.e. in per cent of the mean value (Y**). Selection
intensity i = 2.043 was applied corresponding to
selecting the best out of 30 in a truncated normal
distribution (Falconer and Macay 1996, Appendix
table B, p. 380).

The gains calculated according to (7) refers
to the given site and age. Imperfect genotype-
by-environment interactions and/or juvenile ma-
ture correlations will reduce the estimate (Kjær
and Foster 1995), but these effects could not be
estimated based on data from the present trial.

Results

Of the 893 living trees assessed, 4% had 5 or more
stems, 7% had 4 stems, 19% had 3 stems, 33% had
2 stems and 37% had only a single one stem at the
time of assessment.

The ANOVA (Table 1) demonstrated that dif-
ferences between progenies were significant for
growth rate and number of stems. The dry/green
weight ratio did not differ between progenies,
indicating green weight will be sufficient criteria
for improvement of canopy biomass. The family-
wise estimates of the dry/green weight ratio are
subject to some experimental error as they are
estimated from only three samples per progeny
(one per block). Therefore, we decided to focus on
green weight as prime estimate for canopy
biomass.

The average performance of each progeny is
presented in Table 1. Large differences exist in
productivity between progenies. In the slow
growing family #26, the average tree has e.g. only
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reached a green-weight production of 3.0 kg, while
the average tree in family #23 has reached a green
weight production of 6.2 kg, i.e. double produc-
tion (Table 2). Selecting the five best families cor-
respond to a gain in canopy biomass of
approximately 15% (the average breeding value of
five best families in Table 2).

Single tree heritability for growth was estimated
to be fairly high (0.28–0.48), and the expected gain
from simple phenotypic selection (1 of 30) was
found to be correspondingly high (24–36%), see
Table 1. Selection between progenies and between
trees within progenies can therefore both lead to
substantial gains.

High correlations were found between canopy
biomass (green weight) and the indirect measures

basal area/tree r = 0.98. This is important, as it
means that canopy biomass can be reliable esti-
mated at this age from simple diameter measure-
ments and basal area (cross section) calculation.

Discussion

Tree improvement in the traditional sense of
plantation forestry rarely plays a significant role in
the domestication process of agroforestry trees.
However, the experience from Nepal suggests that
decentralised, low input breeding activities can
improve the productivity of tanki substantially,
tanki being one of the most important fodder
species in Nepal. The present results showed that:

Table 1. Analysis of variance.

Trait MSfamily MSe Ffam h2 Mean Gain (1 of 30)%

Basal area/tree 24.79 7.84 3.18*** 0.48 14.93 34

Green Weight/tree 2.77 1.18 2.36*** 0.28 4.67 26

Ratio (dry weight %) 0.00385 0.00493 0.95NS – 0.46 –

Number of stems 0.3632 0.1153 3.15*** – 2.01 –

The degrees of freedom in the F-test for progeny differences are DF = 19;38. Gain (1 of 30)% is the expected gain from simple

phenotypic selection the 1 of 30 trees in a neighbourhood corresponding to the size of a plots in the BSO (see text). Gains from selecting

best families can be calculated from Table 2.

Table 2. Progeny averages and breeding values.

Family Basal area

(cm2/tree)

Number of

stems/tree

Green weight

(kg/tree)

Basal area

(Breeding value) (%)

Green weight

(Breeding value) (%)

#1 10.63 1.5 3.24 �20 �17
#2 15.58 2.4 4.84 3 2

#3 13.8 2.1 4.24 �5 �5
#4 12.02 2 3.89 �13 �9
#11 14.08 1.9 4.25 �4 �5
#12 11.32 1.5 3.59 �17 �13
#15 12.04 1.7 3.80 �13 �11
#16 15.32 2.4 4.76 2 1

#17 15.77 1.4 5.37 4 9

#18 18.7 1.7 6.19 17 19

#19 15.7 1.8 5.11 4 5

#21 19.51 2.5 6.22 21 19

#22 17.76 2.1 5.28 13 8

#23 21.08 2.2 6.64 28 24

#24 15.39 2.2 4.57 2 �1
#26 9.8 2.2 2.99 �24 �20
#27 14.98 2.2 4.44 0 �3
#28 14.36 2.6 4.42 �3 �3
#29 14.85 2.4 4.81 0 2

#31 15.88 2.4 4.67 4 0

Mean 14.93 2.1 4.67

Note: The breeding value of the ith family is a simple estimation of gains obtained from using this family for future breeding.
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(1) There were substantial differences between the
progenies of tanki in their canopy biomass pro-
duction, and the single tree heritability for this
trait was found to be high. Tree improvement
therefore is relevant as it potentially can provide
important gains in productivity
(2) The total canopy biomass production could be
estimated accurately from measurements of
diameter only. Height measurements and direct
canopy biomass measurements were not required.
Also, no significant differences between progenies
were found in their dry/green weight ratio.

Is the potential gain overestimated?

The results presented above only apply for the age
of the trial, which still was young at the time of
assessment. Also, the results in principle only refer
to the specific site. Expected gain at another site
and evaluated at a later age must therefore be re-
duced with both genotype-by-environment inter-
action and juvenile–mature correlations – that is
any changes in rank between trees that would occur
if the progenies had been grown at a different site
and/or assessed at a later age (Burdon 1977; Foster
et al. 1995; Lindgren and Ying 2000). Also, the
gain estimate rests on the assumption that families
are half sibs drawn from a common population.
This is a reasonable assumption as the progenies
were collected from single trees fairly close to each
other, but the heritability is overestimated if the
families include a large fraction of full sibs and/or
varying degrees of selfings. All these factors call for
caution when estimating the potential gain from
the breeding programme. Never-the-less, the re-
sults clearly demonstrate that there are substantial
amount of genetic variation present, and that this
variation is important compared to the environ-
mental effects. Also, it shows that (early) thinning
in the seed sources can be performed based only on
DBH measurements due to the very high correla-
tion between basal area and green weight. The ac-
tual gain will depend on design, but our results
suggest that even simple phenotypic selection in
carefully planted stands on homogeneous sites can
provide important gains. Low input, farmer
based breeding programme thus has the potential
of increasing the productivity substantially. The

finding is in line with expectations based on expe-
riences from breeding wood producing trees under
temperate condition (Lindgren 2000).

Implications for continued domestication of tanki in
Nepal

Tanki has a short rotation age, and a 4 year
breeding cycle would be possible (flowering starts
at age 2). If well performed, the results of the
present study suggest that even simple low input
breeding programmes can provide a gain at
10–20% increased canopy biomass production
per breeding cycle, corresponding to an annual
increase in productivity of 2–5% per year. If re-
sources are made available, such a programme
could thus in a relative short time horizon
(10–15 years) provide farmers with new varieties
of planting material that have substantially in-
creased productivity.

A multiple population approach will be advis-
able as Tanki is grown in quite heterogeneous
ecological conditions. The point of departure can
be three breeding populations, one for each of the
planting zones (i) Upper tropical, Sal Forest, (ii)
Sub topical, Schima-Cataniopis, (iii) Sub Tropical,
Chir-Pine Broad Leaved (following Lillesø et al.
2001b, 2005; and Dhakal et al. 2001). Such a
strategy would reduce loss due to Geno-
type·Environment interaction, and also in itself
support sound management of the genetic re-
sources (Namkoong et al. 1980).

The results of the present genetic analysis sup-
port the original expectations by TISC that low
input tree improvement of tanki can lead to im-
proved biomass production. However, the chal-
lenge of implementing low input breeding
programmes that support decentralised seed sup-
ply remains, and this challenge should continu-
ously be addressed.
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