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Abstract: Milletia puguensis is a distinctive liana found only in Pugu forest in Tanzania. The liana has difficulties in
flowering and seeds setting, limiting possibilities of it being propagated through seeds. A vegetative method for its
propagation is presented in this work. M. puguensis has been propagated through rooting of its single-node leafy
stem cuttings in a non-mist plant propagator. While 54% of the cuttings rooted, 30% died and 16% were still alive
but not rooted after 51 days in the propagator. Nodes 3 to 5 of the shoots showed very good rooting ability
compared to other nodes. Rooted cuttings inoculated with live mycorrhizas, had significantly higher height, stem
diameter and leaf area, after 133 days growth with the live mycorrhizal inoculum. In addition, there was a positive
correlation between percent mycorrhizal infection, with cutting height, stem diameter and leaf area. From this
work it can be concluded that, rooting of single-node leafy stem cuttings and mycorrhizal infections, can be
effectively employed in propagation of the endangered liana M. puguensis for conservation purposes.
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I. INTRODUCTION

The Pugu forest sometimes referred to, as one of the oldest forests of the world is a patch of coastal forest that stretches
along the East African Coast [1], [2]. The Pugu forest reserve is located in Kisarawe District, Coast Region in Tanzania,
approximately 23 kilometres south-west of Dar es Salaam [3], [4] and has an area of 11 Km? [2]. The forest is found
approximately between latitudes 6'52' and 6 '55'S and longitudes 39°04' and 39°07'E [5]. Pugu forest was gazetted as a
forest reserve in 1947 [2].

The Coastal forests of Tanzania are known to have many endemic plant species that are of global conservation
significance [6], [7]. Indeed, Pugu forest reserve so far is known to have 14 plants that are strictly localised and endemic
to it. One such plant is Millettia puguensis, a distinctive liana found only in the Pugu forest [8], [2], [9], [5], [10]. M.
puguensis is said to be in danger of extinction and needs urgent steps for its protection and conservation [11].

While studying the population dynamics of Millettia puguensis Mulibo [12] revealed that, this plant has a very high rate
of flower abortion, with only 25% of the flowers setting mature fruits. For fowers that managed to set fruits, these were
observed to contain only a few seeds per pod. Furthermore, Mulibo [12] showed that, at different seasons and soil depths,
M. puguensis was completely absent in the seed bank of Pugu Forest Reserve. In addition, Mulibo [12] observed that, a
majority of the young M. puguensis in Pugu Forest Reserve were vegetatively produced (ramets) from basal stem buds or
root buds. As such, the population dynamics and characteristics of M. puguensis make vegetative propagation to be the
only viable method of propagating this plant for conservation purposes.
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The association between roots of healthy plants and one or more of some mycorrhizal fungal species is termed
mycorhizae. In nature, mycorrhizal condition is the rule and non-mycorrhizal plants are unusual [13]. Mycorrhizal
associations positively affect plant establishment, growth and health. They are beneficial and in some instances essential
[13]. The best known benefits are enhanced uptake of water and mineral nutrients, especially phosphorus and nitrogen
[14]. Different plants in the Family Leguminosae (Fabaceae) to which M. puguensis belong, are known to form either
arbuscular mycorrhizas or ectomycorrhizas or both [15]. So far, it is not known if mycorrhizal associations in M.
puguensis has any effects on its growth.

This work was aimed at propagating M. puguensis vegetatively, through rooting its single-node leafy stem cuttings in a
non-mist propagator, and studying effects of mycorrhizas on the growth of the rooted cuttings.

Il. MATERIALS AND METHODS
Plant material for propagation

Coppice shoots of M. puguensis were brought to the laboratory from Pugu forest reserve for the propagation work. The
coppice shoots had been induced to be formed on some stems of M. puguensis after their top portions were cut off at 1.0
meter from ground during mid-rain season in March. The remaining lower stumps of the plants were left in the months of
April and May to produce the coppice shoots for this work. During the month of July, coppice shoots were obtained from
the coppicing stumps of M. puguensis by cutting them at their base with sharp secateurs. Coppice shoots from one stump
were all placed together in a well tied, airtight plastic bag labelled with a clone number. Each bag had 100 ml of tap water
to create moist conditions inside the plastic bags, to avoid water loss from the excised shoots during transportation to the
laboratory.

Plant material for observing mycorrhizal associations in M. puguensis

During mid rain season, fine terminal feeder roots of M. puguensis were carefully dug out from 6 different plants that
were more than 15 meters apart. Roots from one plant were kept together in a well-tied airtight plastic bag having 20 ml
water to keep them from drying. On reaching the laboratory, each lot of roots was separately soaked in 300 ml tap water
overnight in a 500-ml beaker. The roots were then washed free of adhering debris using running tap water [13]. The roots
were then observed under the microscope for presence of mycorrhizas and differentiation of the mycorrhizas into either
vesicular-arbuscular mycorrhizas or ectomycorrhizas [16], [17], [18].

Rooting of single-node leafy stem cuttings of M. puguensis

Single node leafy cuttings were taken from each coppice shoot. The length of each cutting was measured using a ruler and
the diameter was also measured using a calliper. The number of leaflets on each cutting was trimmed to one, two or three
depending on their size, and the length of each leaflet was measured along the midrib using a ruler. The basal end of each
cutting was dipped in the commercial rooting powder seradix-2 (Rhéne-Poulenc Agriculture Ltd. Essex, England)
containing 0.3 w/w 4-indol-3yl-butyric acid. Excess powder was tapped off before inserting a cutting in a non-mist
propagator [19]. The bottom of the propagator was filled with quartz grit (5 - 15 mm) rooting medium. Cuttings from each
coppice shoot were held in node order in the non-mist propagator, with the cutting from the tip node being cutting number
1. The number of cuttings from each coppice shoot varied depending on the length of the shoot. The non-mist propagators
were all placed inside a fenced area, under an open shed roofed with transparent corrugated plastic sheets.

Twice a week, each cutting was individually assessed in terms of being alive, rooted or dead. A cutting was considered
rooted if it had at least one root whose length was 1.0 mm or more.

From some remaining portions of the coppice shoots, 50 randomly chosen leaflets had their lengths measured using a
ruler along the midrib and their areas determined after tracing them on a graph paper. A regression plot of leaf area (cm?)
against length (cm) was done and, the resulting regression equation (Y = 0.2063x + 4.276; r* = 0.5273) was used to
convert the length of each leaflet on a cutting to area. The areas of all leaflets on each cutting were added together to give
the total leaf area per cutting.
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Effect of mycorrhizas on the growth of the rooted M. puguensis cuttings

A total of 45 rooted cuttings from 15 M. puguensis shoots were used. Each of the 15 shoots had 3 of its rooted cuttings set
for this work. Two of the three rooted cuttings from the same seedling were randomly assigned to one of the treatments:
live mycorrhizal inoculum, or sterilized (dead) mycorrhizal inoculum. The remaining rooted cutting from each of the 15
M. puguensis cutting was used for potting day data. This work was repeated three times and data averaged.

The live inoculum consisted of a mixture of fresh M. puguensis fine roots together with well mixed soils taken from the
top 10 c¢cm soil around the rhizosphere of 6 different M. puguensis plants. To make the sterilized (dead) mycorrhizal
inoculum, the mixture of M. puguensis fine roots and the rhizosphere soils were sterilized in an autoclave at 121 'C for
two 1-hour periods, with a 24 hour period between the autoclaving.

The two treatments above were applied to the cuttings on potting day. Cuttings for the live inoculum treatment received 1
gram fresh weight of the fresh fine roots of M. puguensis plus 10 g of the fresh rhizosphere soil. On the other hand,
cuttings for sterilized inoculum treatment, received 1 gram of the sterilized fine roots of M. puguensis plus 10 g of the
sterilized rhizosphere soil.

To inoculate the rooted cuttings, new, clean plastic pots 1.0 litre in size, were first three-quarter filled with sterile growth
soil obtained from Pugu forest. This was followed by placing a layer of either live or sterilized inoculum for the
experimental treatments. After this, the rooted cuttings were placed on top of the inoculum, prior to filling the pots with
the sterile growth soil. All the experimental as well as control pots with their cuttings were placed under ambient
conditions on cement bricks inside a fenced area, and thoroughly wetted using filtered tap water. On potting day, the
length (height) and diameter at pot level were measured for each cutting. For potting day, the 15 remaining rooted cuttings
were placed in separate paper bags labelled with their clone and cutting (node) number and dried in an oven at 70 'C for
14 days to obtain potting day dry weights. The cuttings dried for potting day dry weights data, were from the same shoots
whose two other rooted cuttings had been used in the two treatments above.

The potted cuttings were incubated for 19 weeks under ambient conditions. During the incubation period, each pot was
watered twice a week with 150 ml filter-sterilized tap water.

Harvesting of plants and assessment of mycorrhizal infections

After 19 weeks of incubation, the plants had their height and diameter at pot level measured again. In addition, the
numbers of leaflets on each plant were counted, and length of each leaflet along the midrib was measured. The midrib leaf
lengths were converted to leaf area using the regression equation obtained before.

Each plant was then separately harvested. To do this, the whole soil-plant root lump was removed from the pot intact.
Each lump was then separately soaked in tap water in a plastic basin for one hour, after which the root system was placed
on a 2 mm nylon sieve and washed with running tap water over a 2 mm nylon sieve. The root system of each plant was
harvested and stained separately according to Wilcox [20] for observing vesicular-arbuscular mycorrrhizae, while each
shoot part was placed in a separate paper bag labelled with its clone and cutting (node) number. Observations for
ectomycorrhizas were done according to Ingleby [18]. After the mycorrhizal assessment, the roots were placed in a paper
bag having their appropriate shoot part. The plants in their separate bags were then dried in an oven at 70 'C. After 14
days in the oven, they were weighed to obtain dry weights of the cuttings roots, shoots and leaves.

I11. RESULTS

After 51 days of incubation in the non-mist plant propagator, 54% of the M. puguensis cuttings rooted, while 30 % of the
cutting died. On the other hand, 16% of the cuttings were still alive in the propagator but not rooted (Fig. 1) on
termination of the incubation. Nodes 3 to 5 of the M. puguensis coppice shoots showed very good rooting ability (Fig. 2),
compared to the other nodes of the coppice shoots.

Mycorrhizas infections on the roots of the cuttings had positive effects in terms of height (Fig. 3), diameter (Fig. 4) and
leaf area (Fig. 5). Alternatively, the results are indicating that, the more the mycorrhizal infections the cutting had, the
greater the height, diameter and leaf area (Figs. 3, 4, 5). Similarly, M. puguensis cuttings that had mycorrhizal infections,
had significantly higher dry weights that those without (Fig. 6).
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Fig. 1: Rooting and mortality of single node stem cuttings of Milletia puguensis
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Fig. 2: Rooting percentages of single-node cuttings harvested sequentially down from 15 Milletia puguensis
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Fig. 3: Correlation between percent mycorrhizal infection and Milletia puguensis cutting height
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25
2 | |
= -:[_
=2
=
= 1.5 u
=
[}
=
= 1 == B
[an]
0.5 *’> H
o L [l [l []
g == g == g == g ==
[ w w [ w w [ 7] w [ o »
o | = | = o | a | = o | a | = o | | =
£/ S|35 £ 2|3 £ 2|3 £ 2|3
2| ™ 2] S| 8 2] S | 3 [+ S | 3| e
o)
a | o |2 [an8 = «© [an8 = e [an8 = «©
e — ._ — —
[} ] @ ] = ] ]
=] = = = = o = | =
< | < < | < < | < | <
Roots Shoots Leaves Total

Fig. 6: Dry weights of cuttings grown with (+M) or without mycorrhizas (-M)
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IV. DISCUSSION AND CONCLUSION

This work, reports for the first time on rooting of single-node leafy stem cuttings of M. puguensis, a plant endemic to
Pugu forest in Tanzania. The plant M. puguensis is said to be in danger of extinction and needs urgent steps for its
protection and conservation [11].

The plant M. puguensis has several socio-economic potentials. The plant has been reported to have antimalarial [21], [22]
and anti-leishmanial compounds [23], [24]. In addition, a decoction of the roots of the plant is drunk to treat umbilical
hernias [25].

M. puguensis is said to be in danger of extinction and needs urgent steps for its protection and conservation [11].
Conserving the plant through seeds has been observed to be problematic. Only a quarter of the flowers of this plant
normally set mature fruits and for individual plants that manage to set fruits, the fruits normally contain a few seeds per
pod[12] (Mulibo 1997). As such, the seed production abnormalities in M. puguensis, makes vegetative propagation the
only viable method of propagating this plant for conservation purposes. This work reports for the first time, a method for
vegetative propagation of M. puguensis, which is through rooting of its single-node leafy stem cuttings.

Myecorrhizal associations have been observed in this work to positively affect the growth of M. puguensis. Several plant
species in the Family Fabaceae, have similarly been shown to have their growth positively affected by mycorrhizae. They
include; Amorpha crenulata [26]; Cullen australasicum, C. tenax, Lotus australis, L. pedunculatus and Medicago sativa
[27]; Pterocarpus angolensis [28]; Medicago truncatula [29] ; Acacia etbaica [30]; Spartium junceum, Medicago
arborea, Coronilla emerus and Retama monosperma [31], also Albizia saman [32]. It can thus be concluded that, to
ensure best survival and growth of vegetatively propagated M. puguensis plants, one has to inoculate the rooted plants
with mycorrhizas before planting them in the field.

ACKNOWLEDGEMENTS
I would like to thank Sida/SAREC for supporting this work financially.
REFERENCES

[1] Burgess, N.D. and C. Muir (Eds.) (1994). Coastal forests of East Africa: biodiversity and conservation. The Society
for Environmental Exploration (Frontier) and the University of Dar es Salaam. Frontier-Tanzania Coastal Forests
Workshop.

[2] Government of the United Republic of Tanzania, Vice President's Office (1998). Tanzania Country Study on
Biological Diversity. United Nations Environmental Programme (UNEP), Global Environmental Facility (GEF),
Norwegian Agency for Development Cooperation (NORAD). pg. 27 — 32.

[3] Howell, K.M. (1981). Pugu Forest Reserve: Biological values and development. African Journal of Ecology 19: 73
-81

[4] Hawthorne, W.D. (1984). Ecological and Biogeographical Patterns of the Coastal Forests of East Africa. Ph.D.
Thesis, University of Oxford

[5] Clarke G.P. and A. Dickinson (1995). Status report for 11 Coastal Forests in Coast Region, Tanzania. Frontier-
Tanzania Technical Report No 17. The Society for Environmental Expolartion, UK/University of Dar es Salaam,
Tanzania

[6] Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonseca G.A.B. and J. Kent (2000). Biodiversity hotspots for
conservation priorities NATURE 403: 853 - 858

[7] Stuart, S.N., Adams, R.J. and D.M. Jenkins (1990). Biodiversity in sub-Sahara Africa and its Islands: Conservation,
management, and sustainable use. A contribution to the Biodiversity Conservation Strategy Programme. Chapter
48: Tanzania. Occasional Papers of the IUCN Species Survival Commission No. 6. IUCN - The World Conservation
Union.

Page | 122
Research Publish Journals




[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ISSN 2348-313X (Print)
International Journal of Life Sciences Research  ISSN 2348-3148 (online)
Vol. 6, Issue 3, pp: (117-124), Month: July - September 2018, Available at: www.researchpublish.com

Gillet J.B. Polhill R.M. and B. Verdcourt (1971) LEGUMINOSE (Part 3) Subfamily PAPILIONOIDEAE. In:
Milne-Redhead E and Polhill RM (Eds.) Flora of Tropical East Africa (Part 3). Royal Botanical Gardens, Kew,
U.K. pgs. 129 - 130

Burgess, N.D., Dickson, A. and N.P. Payne (1993). Tanzania coastal forests - new information on status and
biological importance. Oryx 27: 169 - 173

Rodgers, W.A. (1995). Key areas for forest biodiversity in Tanzania. Papers presented during the 1% Workshop of
Biodiversity Conservation Strategies, Dar es Salaam, Tanzania. Unpublished.

Reuben, S.0.W.M. and A.N. Minjas (1990). Genetic Resources of under exploited indigenous plants in Tanzania.
In: Shao FM Magingo FS Minjas AN Bitanyi HF and Mahunnah RL (Eds.) Plant Genetic Resources and
Biotechnology. Proceedings of the First National Workshop held at Arusha, Tanzania. January 16 - 20, 1990.
Benedictine Publications Peramiho, Tanzania. pgs. 251 - 265

Mulibo, D.K.G. (1997). A study of the population dynamics of the endemic liana Millettia puguensis (Gillet.,)
Papilionaceae in the Pugu forest reserve, Tanzania. M.Sc. thesis, University of Dar es Salaam, Tanzania

Jackson, R.M. and P.A. Mason (1984). Mycorrhiza. Studies in Biology no. 159. Edward Arnold, London. pg. 1, 4 -
9,12 - 16.

Bowen G.D. (1973). Mineral nutrition of ectomycorrhizae. In: Marks GC and Kozlowski TT (Eds.)
Ectomycorrhizae, their ecology and physiology. Academic Press, New York. pgs. 151 - 205

Sprent, J.I. (2001). Nodulation in legumes. Kew, UK: Royal Botanic Gardens

Kormanik, P.P. and A.C. McGraw (1982). Quantification of vesicular-arbuscular mycorrhizae in plant roots. In:
Schenck NC (Ed.) Methods and Principles of Mycorrhizal Research. The American Phytopathological Society. St.
Paul, Minnesota. pgs.37 — 45

Grand, L.F. and A.E. Harvey (1982). Quantitative measurement of ectomycorrhizae on plant roots. In: Schenck NC
(Ed.) Methods and Principles of Mycorrhizal Research. The American Phytopathological Society. St. Paul,
Minnesota. pgs. 157 - 164

Ingleby, K., Mason, P.A., Last, F.T. and L.V. Fleming (1990). Identification of ectomycorrhizas. ITE research
publication no. 5. HMSO Publications Centre, London.

Leakey RRB Mesén JF Tchoundjeu Z Longman KA Dick JMcp Newton A Martin A Grace J Munro RC and
Muthoka PN 1990 Low-technology techniques for the vegetative propagation of tropical trees. Commonw. For. Rev.
69(3): 247 — 257

Wilcox, H.E. (1982). Morphology and development of ecto- and ectendomycorrhizae. In: Schenck NC (Ed.)
Methods and Principles of Mycorrhizal Research. The American Phytopathological Society. St. Paul, Minnesota.
pgs. 103 — 113

Berro, J., Frédérich, M. and J. Quentin-Lerclereq (2009). Antimalarial compounds isolated from plants used in
traditional medicine. Journal of Pharmacy and Pharmacology. 61: 1401-1433

Magadula, J.J., Innocent, E., Mbwambo, Z.H. and M. C. Kapingu (2014). Phytochemical and Pharmacological
Studies of some Medicinal Plants from Tanzania. International Journal of Current Research and Academic Review.
2(10): 99-111

Page | 123
Research Publish Journals




[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

ISSN 2348-313X (Print)
International Journal of Life Sciences Research  ISSN 2348-3148 (online)
Vol. 6, Issue 3, pp: (117-124), Month: July - September 2018, Available at: www.researchpublish.com

Kapingu, M.C., Z.H. Mbwambo, M.J. Moshi, J.J. Magadula, P. Cos and D.V. Berghe (2006). A novel isoflavonoid
from Millettia puguensis. Planta Med., 72: 1341-1343.

Hussain, H., Al-Harrasi, A., Al-Rawahi, A., Green, I.R. andS. Gibbons (2014). Fruitful Decade for
Antileishmanial Compounds from 2002 to Late 2011. Chem. Rev., 2014, 114 (20), pp 10369-10428

Banzouzi, J.T., Prost, A., Rajemiarimiraho, and P. Ongoka, (2008). Traditional Uses of the African Millettia species
(Fabaceae).International Journal of Botany, 4: 406-420.

Fisher, J.B. and K. Jayachandran (2002). Arbuscular mycorrhizal fungi enhance seedling growth in two endangered
plant species from South Florida. Int. J. Plant Sci. 163(4):559-566

Tibbett, M., Ryan, M. H., Barker, S. J., Chen, Yinglong, D., Matthew D. D., Tamara, E. and C. Walker, (2008) The
diversity of arbuscular mycorrhizas of selected Australian Fabaceae. Plant Biosystems. 142(2): 420 — 427

Moola S. W., Muimba-Kankolongo A. and Kangwa J.M (2009). Growth performance of Pterocarpus angolensis
seedlings in mycorrhizae colonized and uncolonized soils from high rainfall area of Zambia. Journal of Applied
Biosciences 19: 1054 - 1064

Derelle, D., Declerck, S., Genetl, P., Dajoz, I. & I. M. van Aarle (2011). Association of highly and weakly
mycorrhizal seedlings can promote the extra- and intraradical development of a common mycorrhizal network.
FEMS Microbial Ecology 79(1): 251 — 259.

Birhane, E., Sterck, F.J., Bongers, F. and T.W. Kuyper (2013). Arbuscular mycorrhizal impacts on competitive
interactions between Acacia etbaica and Boswellia papyrifera seedlings under drought stress. J. Plant Ecol. July
2013:3-11

Touati, J. Chliyeh, M., Touhami, A.Q., Benkirane, R., and A. Douira (2014). Effect of the Arbuscular Mycorrhizal
Fungi on the Growth and Root Development of Selected Plant Species Suggested for Slope Revegetation. Int. J.
Pure App. Biosci. 2 (5): 163-177

Woulandari, D., Saridi., Cheng, W. and K. Tawaraya (2014). Arbuscular Mycorrhizal Colonization Enhanced Early
Growth of Mallotus paniculatus and Albizia saman under Nursery Conditions in East Kalimantan, Indonesia.
International Journal of Forestry Research Volume 2014: 1 - 8

Page | 124
Research Publish Journals



http://pubs.acs.org/action/doSearch?ContribStored=Hussain%2C+H
http://pubs.acs.org/action/doSearch?ContribStored=Al-Harrasi%2C+A
http://pubs.acs.org/action/doSearch?ContribStored=Al-Rawahi%2C+A
http://pubs.acs.org/action/doSearch?ContribStored=Green%2C+I+R
http://pubs.acs.org/action/doSearch?ContribStored=Gibbons%2C+S

