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ABSTRACT

The Hausa potato is a minor tuber crop with nutritional and medicinal values. A lack of balance
between the photosynthetic source potential and the sink capacity in terms of dry matter
accumulation and distribution is believed to affect fresh tuber yield. This study was aimed to
investigate the dry matter production, distribution and tuber yield of reciprocal grafts of some
accessions of the Hausa potato. The grafts were made in all possible combinations and laid out
using the completely randomized design in four replicates. Results showed that harvest index
increased with time in most of the grafts. The proportion of dry matter partitioned to the tubers
was generally lower than those of the leaves and stems in all the grafts. The highest rootstock-
scion ratio of 0.97 was observed in the graft Bokkos 2 - Manchok 2 while the lowest (0.07) was
observed in the self-graft of Bokkos 2. Fresh tuber yield was generally low, ranging from 0.03 t
ha't0 0.09 tha™' Apart from dry matter accumulation and distribution, the relationship between
the source potential and sink capacity as well as the rate of translocation of assimilates from the
photosynthetic source to the sink need to be investigated.
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Introduction
The Hausa potato (Solenostemon rotundifolius
[Poir) J. K. Morton] is a small herbaceous
annual crop with a distinctive fragrance and
peculiar tuber taste (Alleman, 2002; PROTA,
2013). The leaves are used to treat dysentery,
blood in urine and eye disorders. The tubers
are eaten as a main starchy staple or part of
it in combination with legumes, vegetables
or cereals. The Hausa potato plays a very
significant role in providing the dietary and
energy requirements of the local people in
Nigeria during lean periods. The crop is rich in
major and minor nutrients and all the nutrients

are reported to be essential for the proper
functioning of the body (Kana et al., 2012).
According to Alleman (2002), the
protein content in the Hausa potato, which is
14% on dry matter basis, compares well with
Irish potato and sweetpotato as well as other
tuber crops. The principal amino acids present
in the protein are arginine, aspartic and glutamic
acids (National Research Council, 2006). The
tubers are also a rich source of dietary energy
as 100 g of the tubers provide 392-394 KJ of
metabolisable energy (Schoeninger et al., 2000;
PROTA, 2013) and 28.62% starch content on
dry matter basis (Ukpabi et al., 2011). The
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crop is popular in the middle belt and the
northeastern part of Nigeria. The importance
of the Hausa potato as a staple foodstuff
in the tropics has been largely replaced by
other starchy foodstuffs such as sweetpotato;
consequently, production has declined to such
an extent that it has almost disappeared in many
areas (Oteng-Yeboah & Bennett-Lartey, 2008).
The Hausa potato is an important crop that has
contributed immensely in alleviating poverty,
hunger and starvation in various farm-families.
Properly directed researches to find solutions
to the many agronomic and storage-health
challenges besetting the crop is imperative
towards making the crop to achieve its full
quantitative and qualitative yield potentials
and contributing to the drive for food security
in Nigeria.

Yield is the product of
photosynthetically active radiation (PAR)
and its conversion efficiency to dry matter
(radiation use efficiency). For root and tuber
crops like the Hausa potato, the ability of
the leaves (source) to convert the PAR into
carbohydrates and the storage capacity of the
tubers (sink) affect the potential growth of
the individual tubers and crop yield (Oliveira
et al., 2016). In other words, the fresh tuber
yield is affected by the size and activity of the
source and sink as evidenced in the dry matter
production and distribution. Grafting methods
have been used to study the interrelationship
between the source and the sink (Namo, 2005).

The production of dry matter by the
photosynthetic source and its translocation
to the tuberous root determines, to a large
extent, the size of the tubers and consequently
the fresh tuber yield (Tekalign & Hammes,
2005a). Dry matter production influences the
growth and yield of root and tuber crops due
to its relationship with the growth and photo-

assimilate storage (Tekalign & Hammes,
2005b). There are differences in dry matter
accumulation in the leaves, stems and tubers,
which correspond to the moment with greater
accumulation and duration of biomass in a
particular organ (Nustez et al., 2009). This
study was aimed to investigate the pattern of
dry matter accumulation, distribution and fresh
tuber yield of grafted accessions of the Hausa
potato in the Jos-Plateau, Nigeria.

Materials and Methods

The experiment was conducted between April
and October, 2018 at the Federal College of
Forestry Jos, Plateau State (Latitude 09° 30’E
and Longitude 08° 20°N, Altitude 1,159 m
above sea level). Four accessions of the Hausa
potato used in this study were sourced from the
locations shown in Table 1.

Soil analysis

Composite soil samples were taken
in the 0-5 cm depth before planting using soil
auger. The soil samples were analysed for
texture, pH, total nitrogen, organic carbon,
phosphorus, potassium and particle size (sand,
silt and clay), clay percentage, silt percentage,
sand percentage and textural class. The
physico-chemical properties of the soil samples
are shown in Table 2.

Grafting of the Hausa Potato

80 sprouted tubers of each of the
accessions were planted in black polyethylene
bags filled with topsoil, manure and river sand
in a potting ratio of 3:2:1, respectively (Namo,
2005). Eight weeks after planting, when all
the sprouted tubers have emerged, reciprocal
grafts of the four accessions were made in
all possible combinations including four self-
grafts. For each graft-combination in each of



88 K.K. Nanbol & O.A.T. Namo (2020) Ghana Jnl. Agric. Sci. 55 (2), 86 — 96

the four accessions, four grafts were made,
giving a total of 64 grafts. The cleft grafting
technique was used. A scion with four or five
fully developed leaves was pruned and grafted
onto the rootstock. The grafted portion was
wrapped with a grafting tape to prevent it
from drying. It was thereafter covered with a
white polyethylene bag to provide heat for the
grafted portion and to ensure the successful
union of the grafts. Two weeks after the graft
union has been established, successful grafts
were counted and recorded. All the pots were
arranged using the completely randomised
design in four replicates. The third and fourth
replications were used for the growth analysis
study. The grafts were pruned regularly to
remove any sprout from the stock or tuber
from the scion, so that only the scion was
allowed to produce leaves which served as the
main photosynthetic organs while the stock
served as the non-photosynthetic organ (i.e. for
tuber formation) (Namo, 2005). The pots were
manually weeded in order to control weeds. 50
g of cow dung manure was applied to every
plot at four weeks after grafting.

Procedure and Technique used in the Grafting
of Hausa Potato

Fig. 1: Hausa potato plant grown at eight weeks after
planting

Fig. 3: A scion grafted on the rootstock

Fig. 4: A graft union of Hausa potato at four weeks
after grafting
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Dry matter accumulation and partitioning

The total dry matter accumulated over time
and the percentage distributed to various parts
(leaves, stems and roots) were computed at
45 and 90 days after grafting. Each harvested
plant was washed and separated into roots,
stems and leaves. All the plant parts were
placed in separate envelopes, labeled and dried
in a moisture- extraction oven at 80°C for 48
hours to obtain constant dry weight. The total
dry matter accumulated and the proportion
distributed to the leaves, stems and roots were
computed. Harvest index was computed as the
ratio of the economically important portion of
the yield (tuber) to the total biological yield of
dry matter (Donald, 1962; Harper & Ogden,
1970; Namo, 2005). Root-stock-scion ratio was
computed as the ratio of the weight of tuber to
the weight of shoot (Namo, 2005).

Harvest Index = Dry weight of tubers
Total dry weight
Rootstock-scion ratio = Weight of rootstock
Weight of shoot

All the tubers harvested from each plot at
120 DAG were weighed and the weight was
converted to the equivalent in tonnes per
hectare before the statistical analysis.

Data Analysis

Data collected were subjected to
one-way analysis of variance (ANOVA) test,
using the Statistical Analysis Software (SAS,
9.0 Version). Means were separated using
Duncan’s New Multiple- Range Test at 5%
level of probability.

Results

Dry matter accumulation in the leaves, stems
and tubers varied from one graft-combination to
the other (Table 3). The dry matter accumulation
increased with time in the leaves and stems in
all the graft combinations except in the graft-
combination involving the accessions Langtang
as stock and Manchok 2 as scion (Langtang
- Manchok 2). The dry matter accumulation
in the tubers increased with time in all graft-
combinations but Langtang - Manchok 2 and
the self-graft of NRCRI (White). The total dry
matter accumulated increased with time in all
the graft combinations except in the self-graft
of the accession NRCRI (White). Irrespective
of the stage of growth, more dry matter was
accumulated in the leaves and the stems than
in the tubers.

At 45 days after grafting, more dry
matter was partitioned to the leaves and
the stems than to the tubers in all the graft-
combinations except in the self-graft of
Manchok 2 (Table 4). At 90 days after grafting,
the proportion of dry matter distributed to the
leaves decreased in all graft-combinations
except Langtang - NRCRI (White), Manchok
2 - Manchok 2, Manchok 2 - NRCRI (White),
Manchok 2 - Langtang, NRCRI (White) -
Langtang and NRCRI (White) - Manchok 2.

On the other hand, the proportion of
dry matter partitioned to the stems at 90 DAG
increased in all but the graft-combinations
Langtang - NRCRI (White), Langtang -
Manchok 2, Manchok 2 - Manchok 2, Manchok
2 - NRCRI (White), Manchok 2 - Langtang,
NRCRI (White) - Langtang and NRCRI
(White) - Manchok 2.
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The proportion of dry matter
partitioned to the tubers increased with time in
all but the grafts Bokkos 2 - NRCRI (White),
Manchok 2 - Manchok 2, Manchok 2 - NRCRI
(White), Manchok 2 - Langtang, NRCRI
(White) - NRCRI (White) and NRCRI (White)
- Manchok 2. The percentage of dry matter
distribution to the tubers was generally lower
than that of the leaves and stems in all the graft-
combinations at the end of the growing season.

At 45 days after grafting (45 DAG),
harvest index varied from 0.01 in the graft
NRCRI (White) - Manchok 2 to 0.34 in the
graft Bokkos 2 - Manchok 2 (Table 5). At 90
DAG, harvest index was lowest in the graft
Bokkos 2 - Manchok 2 (0.04) and highest in the
graft NRCRI (White) - Langtang (0.23) (Table
5.) Harvest index increased with time in all
graft-combinations except Bokkos 2 - NRCRI
(White), Bokkos 2 - Manchok 2, Langtang -
Langtang, Langtang - Manchok 2, Manchok
2 - Bokkos 2 and NRCRI (White) - NRCRI
(White).

The highest rootstock- scion ratio of
0.97 was observed in the graft NRCRI (White) -
Bokkos 2 while the lowest (0.07) was observed
in the self-graft of Bokkos 2. The mean stock
effect on the rootstock-scion ratio varied from
0.39 in the accessions Bokkos 2 and Langtang
to 0.57 in the accession NRCRI (White). The
highest mean scion effect (0.67) was observed
in the accession Manchok 2 while the lowest
(0.19) was observed in the accession NRCRI
(White) (Table 6).

The fresh tuber yield varied from 0.01
t halin the graft Bokkos 2 - NRCRI (White)
to 0.09 t ha!in the graft Langtang-Bokkos 2
(Table 7). The graft-combinations differed in
fresh tuber yield. The mean stock effect varied
from 0.04 t ha! in the accession Bokkos 2 and
Manchok 2 to 0.05 t ha' in the accessions

Langtang and NRCRI (White). The mean scion
effect was highest in the accession Bokkos 2
(0.07 tha') and lowest in the accession NRCRI
(White) (0.02 t ha'') and (Table 7).

The fresh tuber yield of the non-grafts
varied from 0.08 t ha'!in the accession Bokkos
2 to 0.13 t ha'in the accession Langtang. The
accessions did not differ significantly (P>0.05)
in fresh tuber yield. Fresh tuber yields of the
non-grafts were generally higher than the
mean stock effects of the respective grafted
accessions (Tables 7 and 8).

Discussion
The total dry matter accumulation increased
with time in all the grafts, irrespective of
the stage of growth. More dry matter was,
however, accumulated in the leaves and the
stems than in the tubers. At the later stages,
dry matter distributed to the leaves decreased
in favour of the stems and tubers. However,
the percentage of dry matter distributed to the
tubers was generally lower than the proportion
distributed to the leaves and stems. This
may explain why the fresh tuber yield in the
Hausa potato is generally low. It has been
suggested that the lack of balance between
the source potential and sink capacity could
affect the tuberous root yield (Namo, 2005).
The rate of translocation of assimilates from
the source to the sink is also believed to affect
the tuberous root yield (Namo, 2005). Kooman
and Rabbinge (1996) identified three phases of
development in tuberous root crops: in the first
phase, biomass is distributed preferentially to
the leaves and stems; in the second phase, the
biomass flow toward new and existing leaves
is reduced because of the initiation and bulking
of tubers; in the third phase, the tubers are the
organs with the highest filling capacity and the
only organs that continue to grow until harvest,
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while the aerial parts start to senesce. Unlike
the other root and tuber crops, however, the
period of production of new leaves (leaf area
duration) in the Hausa potato is relatively
longer, resulting in competition for assimilates
between the photosynthetic leaves (source)
and the tubers (sink). This competition appears
to be in favour of the leaves, resulting in the
generally low fresh tuber yield, as observed in
this study.

The results of this study showed that
harvest index increased with time up to 90 days
after grafting in most of the grafts. Harvest
index, or utilizable fraction, has been defined as
the ratio of yield to the above-ground biomass
(Forbes & Watson, 1992). Harvest index is
also defined as the ratio of the economic part
(in this case tuber weight) to the total biomass
(top weight plus tuber weight) (Donald, 1962;
Harper & Ogden, 1970). Harvest index is a
tool used to estimate the yield potential of a
crop. The harvest index observed in this study
was generally low towards the end of the
growing season, suggesting that most of the
dry matter produced during the growing season
was not translocated to the tubers but used by
the newly formed leaves. On the other hand,
Namo (2005) observed that harvest index in the
reciprocal grafts of sweetpotato grown in the
Jos-Plateau, Nigeria, increased with crop age
and that the peak period varied with genotypes.

The rootstock-scion ratio varied from
0.16 in the self-graft of NRCRI (White) to
0.97 in the graft involving accessions NRCRI
(White) as stock and Bokkos 2 as scion. The
mean stock effect differed in the accessions; the
mean scion effect was lowest in the accession
NRCRI (White) and highest in the accession
Manchok 2. These values were generally lower
than those reported for sweetpotato grafts in
the Jos-Plateau environment by Namo (2005).

The rootstock-scion, or simply root-top, ratio
is related to the sink capacity of tuberous root
crops. Namo (2005) demonstrated, through
reciprocal grafting in the sweetpotato, that
tuber yield is largely sink-determined. A variety
with a large sink capacity has the potential
to capture a higher proportion of assimilates
produced during the growing season, which
may lead to a high tuberous root yield (Mbaga,
2007). The generally low rootstock-scion ratio
observed in this study may be attributable to
the competition for assimilates between the
newly produced leaves and the tubers. This
may explain why fresh tuber yield in the
Hausa potato is low when compared with the
sweetpotato.

The fresh tuber yield was generally
low in all the grafts, ranging from 0.03 t ha !
to 0.09 t ha''. The differences were, however,
not significant. The mean stock effect on
fresh tuber yield did not differ amongst the
accessions. The mean scion effect was highest
in the accession Bokkos 2 and lowest in the
accession NRCRI (White). The fresh tuber
yields of the non-grafts were generally higher
than the mean stock effects of the respective
grafted accessions. The generally low fresh
tuber yield in the study confirms the findings
by Namo and Opaleye (2018). The results of
this study suggest that fresh tuber yield in the
Hausa potato is not just a product of the dry
matter production and distribution but, among
other factors, the rate of translocation of same
from the source to the sink.

Conclusion
The study has shown that total dry matter
accumulated increased from 45 to 90 days
after grafting in nearly all the grafts. The
proportion of dry matter partitioned to the
leaves decreased with time while that of stems
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and tubers increased up to 90 DAG. Generally,
the percentage of dry matter distributed to
the tubers was lower than that of the leaves
and the stems. Harvest index increased with
time in most of the grafts throughout the
cropping season. The fresh tuber yields of the
grafted accessions were generally lower than
those of the non-grafts (control). The results
suggest that apart from dry matter production
and distribution, the size and activities of the
source and sink could play a major role in the
productivity of the Hausa potato.
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TABLE 1

List and sources of accessions used in the study

Accession No Name Source
. . National Root Crops Research
Accession 1 NRCRI (White) -y e (NRCRI), Kuru, Jos
Accession 2 Bokkos 2 Bokkos, Plateau State
Accession 3
Manchok 2 Manchok, Kaduna State
Langtang

Accession 4

Langtang, Plateau State

TABLE 2
Physico-chemical properties of the top soil used for the experiment

Property Value
PH 5.05
Organic carbon (g kg ) 8.5
Total Nitrogen (g kg 1) 0.14
Auvailable phosphorus ( mg kg ') 8.9
Calcium 4.12
Magnesium 1.02
Potassium 1.06
Sodium 34
Cation exchange capacity (CEC) 3.20
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TABLE 3
Dry matter accumulation (%) in reciprocal grafts of four accessions of the
Hausa Potato at different stages of growth in Jos

Graft combination Leaves Stem Tuber Total DM
Days After Grafting
Stock Scion 45 90 45 90 45 90 45 90
Bokkos 2 Bokkos 2 687 10.39 3.08 362 1.24 2.64 11.19 18.65
Bokkos 2 NRCRI(White) 330 13.03 292 1228 275 6.23 10.97 31.54
Bokkos 2 Langtang 3.29 11.08 1.49 8.06 0.30 1.90 508 21.04
Bokkos 2 Manchok 2 427 831 243 351 1.26 261 7.96 16.43
Langtang Langtang 0.82 1.63 0.34 1.00 0.09 0.56 125 319
Langtang NRCRI(White)  1.24 4.03 2.64 2.82 0.10 0.59 3.98 7.44
Langtang Bokkos 2 2.12 12.60 0.56 7.70 0.16 1.71 2.84 22.01
Langtang Manchok 2 3.17 0.81 1.76 0.28 1.20 0.59 125 319
Manchok 2 Manchok 2 031 .44 0.70 325 121 1.46 2.22 15.89
Manchok 2 NRCRI(White) 0.37 205 0.57 110 0.21 0.59 1.15 3.74
Manchok 2 Bokkos 2 0.98 3.02 0.32 2.00 0.12 1.24 142 6.26
Manchok 2 Langtang 3.02 21.24 2.00 6.89 1.24 2.07 6.26 30.20
NRCRI(White) NRCRI(White) 300 375 242 394 129 0.76 8.71 8.20
NRCRI(White) Bokkos 2 321 6.70 087 4.62 048 261 4.50 13.93
NRCRI(White) Langtang 048 204 068 119 021 099 1.37 422
NRCRI(White) Manchok 2 0-50 9.02 1.48 .67 043 116 2.41 17.85
SED 1.48 0.86 0.39 2.49

SED-Standard error of difference
TABLE 4
Dry matter partitioning (%) in different parts of reciprocal grafts of four accessions of the Hausa potato at
different stages of growth in Jos

Graft-combination Leaves Stem Tuber
Grafting

Days After
Stock Scion 45 90 45 90 45 90
Bokkos 2 Bokkos 2 65.31 55.71 27.52 30.13 7.17 14.16
Bokkos 2 NRCRI(White) ~ 48.31 41.31 26.62 38.93 25.07 19.75
Bokkos 2 LangtanE 64.76 52.66 29.33 38.31 591 9.03
Bokkos 2 Manchok 2 53.64 50.78 30.53 33.54 15.83 15.89
Langtang Langtan 65.60 51.10 27.20 31.45 7.20 17.55
Langtang RI(White)  31.16 54.17 66.33 37.90 2.51 7.93
Langtang Bokkos 2 74.65 57.25 19.72 34.98 5.63 7.77
LangtanE Manchok 2 51.71 48.21 28.71 16.67 19.78 35.12
Manchok 2 Manchok 2 13.96 27.94 31.53 20.45 54.75 9.19
Manchok 2 NRCRI(White) ~ 32.17 54.81 49.57 29.41 18.26 15.76
Manchok 2 Bokkos 2 69.01 48.24 22.54 31.95 8.45 19.81
Manchok 2 Langtang 48.24 70.33 31.95 22.82 19.81 6.85
NRCRI(White) gRI(Whlte) 57.41 45.73 27.78 48.05 14.81 9.27
NRCRI(White) Bok 0s 2 72.15 48.10 19.08 33.17 10.53 18.74
NRCRI(White) Langtan 35.04 48.34 49.63 28.20 15.33 23.46
NRCRI(White) Mancho 20.75 50.53 61.41 42.97 17.84 6.50
SED 1.48 0.86 0.39

SED-Standard error of difference
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TABLE 5
Harvest index of reciprocal grafts of four accessions of the
Hausa potato at different stages of growth in Jos

Graft-Combination Days  After Grafting

Stock Scion 45 90

Bokkos 2 Bokkos 2 0.11 0.14

Bokkos 2 NRCRI(White) 0.24 0.19

Bokkos 2 Langtang 0.06 0.09

Bokkos 2 Manchok 2 0.34 0.04

Langtang Langtang 0.07 0.06

Langtang NRCRI(White) 0.03 0.08

Langtang Bokkos 2 0.06 0.07

Langtang Manchok 2 0.20 0.07

Manchok 2 Manchok 2 0.02 0.06

Manchok 2 NRCRI(White) 0.14 0.21

Manchok 2 Bokkos 2 0.20 0.08

Manchok 2 Langtang 0.08 0.12

NRCRI(White) NRCRI(White) 0.15 0.09

NRCRI(White) Bokkos 2 0.06 0.19

NRCRI(White) Langtang 0.15 0.23

NRCRI(White) Manchok 2 0.01 0.06

SED 0.03

SED-Standard error of difference

TABLE 6
Rootstock-scion ratio of reciprocal grafts of four accessions of the Hausa potato grown in Jos
Scion
Stock BOKKOS?2 LANGTANG ~MANCHOK 2 NRCRI (White) €47 Stock
(sink) effect

BOKKOS 2 0.07 0.17 0.92 0.38 0.39
LANGTANG 0.79 0.24 0.40 0.11 0.39
MANCHOK 2 0.66 0.66 0.47 0.09 0.47
NRCRI (White) 0.97 0.26 0.89 0.16 0.57
SED 0.16
Mean scion (source) effect  0.62 0.33 0.67 0.19
SED 0.17

Figures underlined are for self-grafts.



96 K.K. Nanbol & O.A.T. Namo (2020) Ghana Jnl. Agric. Sci. 55 (2), 86 — 96

TABLE 7
Fresh tuber yield (t ha') of reciprocal grafts of four accessions of the Hausa potato grown in Jos
Scion
Stock BOKKOS 2  LANGTANG  MANCHOK 2  NRCRI (White) Mean stock
(sink) effect

BOKKOS 2 0.06 0.02 0.08 0.01 0.04
LANGTANG 0.09 0.03 0.05 0.02 0.05
MANCHOK 2 0.04 0.06 0.04 0.02 0.04
NRCRI (White) 0.07 0.03 0.07 0.03 0.05
SED 0.04
Mean scion (source) effect 0.07 0.04 0.06 0.02
SED 0.01
Figures underlined are for self-grafts.

TABLE 8

Fresh tuber yield (tha') of non-grafts of four
accessions of the Hausa potato grown in Jos

Accession Total tuber yield (t ha'')
BOKKOS 2 0.08
LANGTANG 0.13
MANCHOK 2 0.12
NRCRI White 0.09

LSD,, 0.11




