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The utilization of mycorrhizal fungi on agroforestry systems

in the semi arid regions of Kenya
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Fig. 1. Overview of JICA pilot forests in Kitui, Kenya.
Photographed at the rainy season.
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Table 1. The percentage of VAM infection in the
roots of several kinds of weeds in Kitui, Kenya.
The kind of weeds % of VAM infection

Cynodon nlemfuensis 577 £ 797
Cyperus rigidifolius 787 + 9.4
Cyperus teneristolon 70.6 £ 135
Dactyloctenium aegyptium 780 + 0.
Digitaria abyssinica 480 = 91
Eragrastis temifolia 325 + 89
Euphorbia hirta 787 + 84
Imperata cylindrica 59.1 + 114
Kyllinga bulbosa 492 + 7.
Launea cornuta 82 + 6.1
Oxygonum sinuatum 311 £ 7.3
Panicum maximum 445 + 6.7
Setaria pumilla 729 + 90
Solanum incanium 46.6 + 11.1
Trichodesma zeylonicum 401 + 49

Z Mean + standard error (SE) (n=3).
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Fig. 2. Main VA mycorrhizal fungi collected in Kitui,
Kenya.
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Table 2. The percentage of VAM infection in the
roots of cassava (Manihot esculenta),
banana (Musa spp.) and several kinds of
fruit trees grown in Kitui, Kenya.

The kind of plants % of VAM infection

Manihot esculenta 51.6

Musa spp. 11.7 £ 2317
Azanza garckeana 292 £ 6.3
Carica papaya 55.7 + 6.2
Mangifera indica 61.7 + 126
Pachystigma schunannianum 794 + 3.9
Psidium guajava 464 + 5.2
Sclerocarya birrea 50.7
Tamarindus indica 59.2 + 10.5
Vangueria madagascariensis 320 + 5.7
Vitex doniana 347 + 33

ZMean + SE (n=2 or 3).
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Cynodon nlemfuensis (x130) Cyperus rigidifolins (x130)

Cyperus teneristolon (x150 Dactvlocteniiom aegyptium (x150)
M . 7

Digitaria abyssinica (x600) Eragrastis temifolia (x150)

Fig. 3-1. VA mycorrhizae in several kinds of weeds grown in Kitui, Kenya.
A: arbuscule, H: hypha, S: spore, V: vesicle.
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Kyllinga bulbosa (x150)

e

Oxygonum sinuatum (x150) Panicum maximum (x600)

Fig. 3-2. VA mycorrhizae in several kinds of weeds grown in Kitui, Kenya.
H: hypha, V: vesicle.
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Setaria pumilla (x150) Manihot esculenta (x150)

Solanum incanium (x150) Musa spp. (x150)

Fig. 4-1. VA mycorrhizae in cassava (Manihot esculenta)
oy ; . and banana (Musa spp.) grown in Kitui, Kenya.
H: hypha, V: vesicle.

BRI A A L7 7074 L A M) —ORERICE
WC, R L 72 VA RBRIZIKHEDS S W S O R 1R A
WRRIZE DBAE ROy b7 — 7 KL% &
EZ N5 T, INSORBHIM FEERED 2002
VARBBANORAIE R D T 000 Lt
B4 oi® (34£) THLALNALLHIZ, Carica
papaya, Mangifera indica, Psidium guajavad X O
Tamarindus indicaTIEV ARMRRKHEMOR KA X D
D THHEIZHN 2 HIIIH > 7.

Tra 74+ LAM)—=IIBITAERLEMONAIZY 7
5T, WERARE O AN O KT O M A

Trichodesma zeylonicum (x130)
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Azanza garckeana (x150)

Pachystigma schunannianum (x150) Vangueria madagascariensis (x150)

Vitex doniana (x150)

Fig. 4-2. VA mycorrhizae in several kinds of fruit trees grown in Kitui, Kenya.
H: hypha, V: vesicle.
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Table 3. Effect of millet-cultivated soil media as VAM inocula on the formation of VA mycorrhizae and the

growth of trees .

The kind of trees

% of VAM infection®

Total fresh weight (g)

Cont Inoculated  Significance * Cont noculated Significance

Acacia awlococarpa 0.9 66.6 ok 12.7 18.5 ol
Acacia melifera 95 63.7 Hok 10.3 12.3 *

zadivachta indica 48.1 100.0 ok 8.0 10.7 ns
Balanites aegyptiaca 0.7 15.6 ok 14.0 14.7 ns
Carica papaya 4.7 15.8 * 85 24.0 ok
Cassia (Sena) siamea 44 2 68.4 ns 13.3 16.7 ns
Casuarina equisetifolia 0.0 63.3 wE 5.0 6.3 *
Cordia ovalis 28.6 100.0 ok 13.3 26.3 ok
Croton megalocarpus 25.1 73.3 * 8.3 9.7 *
Dalbergia melanoxylon 54.4 97.5 * 11.3 12.7 ns
Delonix regia 41.1 100.0 * 5.3 8.3 *
Dovyalis caffra 39.4 63.0 * 13.0 15.7 ns
Fucalyptus camaldulensis 21.5 68.1 ok 7.6 8.3 ns
Grevillea robusta 13.8 41.0 ok 15.0 16.3 ns
Grewia ectasicarpa 27.8 61.8 Hok 5.0 5.0 ns
Jacaranda mimosifolia 66.9 92.6 * 6.3 9.0 *
Mangifera indica 5.9 78.8 ok 7.3 32.0 o
Maringo oleifera 12.6 36.3 ok 28.5 29.3 ns
Melia volkensii 92.1 100.0 ns 12.6 13.0 ns
Persea americana 2.5 57.4 ok 5.0 35.3 ok
Prosopis juliflora 80.2 98.7 * 11.3 153 *
Psidium guajava 18.4 94.2 o 2.3 71.0 o
Schimus molle 4.9 35.2 wk 7.3 12.3 A
Tarmarindus indica 36.4 100.0 ok 11.3 13.3 *
Terminalia prunoides 48.6 70.1 ns 14.6 18.3 ns
Vitex dontana 82.3 88.0 ns 9.3 8.7 ns
Zizyphus mauritiana 81.9 92.6 ns 115 12.7 ns

W5

Z

= 1% level, *= 5% level and ns=non-significant (n=3).

Y % of VAM infection=(Root length infected / root length observed) x 100.
¥ All of the inoculated plots were applied with 15 g of the soil media in which millet plants were cultivated in
order to propagate VAM spores. In the control plots, non-cultivated (virgin) soil media were used.
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Fig. 5. Effect of VAM fungi-inoculation on the survival of Carica papaya seedlings at a pilot in Kitui, Kenya
Planting date: Middle November, 1996.
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Acacia anlococarpa (x150) Acacia melifera (x150)

Azadirachta indica (x150) Balanites aegyptiaca (x150)

Carica papaya (x150) Cassia (Sena) siamea (x150)
Fig. 6-1. VA mycorrhizae in several kinds of trees used in the Experiment 4.
H: hypha, V: vesicle.
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Casuarina equisetifolia (x150) Cordia ovalis (x150)

“roton megalocarpus (x150) Dalbergia melanoxylon (x150)

Delonix regia (x150) Dovyalis caffra (x150)

Fig. 6-2. VA mycorrhizae in several kinds of trees used in the Experiment 4.
H: hypha, V: vesicle.
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Laucalyptus camaldulensis (x150) Grevillea robusta (x150)

Grewia ectasicarpa (x150) Jacaranda mimosifolia (x150)

Mangifera indica (x150) Maringo oleifera (x150)

Fig. 6-3. VA mycorrhizae in several kinds of trees used in the Experiment 4.
H: hypha, V: vesicle.



34 BB SLR A ety [ AR BRI - 52

elia \.?()/z&'i; (;( 50)

Prosopis juliflora (x150) Psidium guajava (x150)

Schimus molle (x150) lamarindus indica (x150)

Fig. 6-4. VA mycorrhizae in several kinds of trees used in the Experiment 4.
H: hypha, S: spore, V: vesicle.
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Terminalia prunoides (x150)

Vitex doniana (x150)

Zizyphus mauritiana (x150)

Fig. 6-56. VA mycorrhizae in several kinds of trees used
in the Experiment 4.
H: hypha, V: vesicle.

ARMRE IS LZzT 7a 74 LA M) — 35
L, ¥4 -4y b--7xL A H’}a‘h‘é'lﬁiﬂé
HOFHIEE X FE > 72E0 Y TH S ZNEFTDH

ﬁ%b@ﬁﬁ%m% AJEBLZ bwéVAm&ﬁvw
AVAE vl (P NOU i ﬁ‘%ﬂﬁy)fli&ffﬁ)of_g.c‘:ﬁ‘
5, THZBRH TORMZ EI2B TR, VAR
WROFHIZERICAHAETHL L4z ol F &I
bivbiud 4 BEN, MBI OO % 73\0)1’%"“‘
PRI I AL T e e m R e X 8525672
59, GHLBEBREOEHIZOWTOHA - e WkEL
SNAZ EZH->TWA.

I

RFER LD FLDDITNToT, F=THEN
WEmH 7oy 27 P EBIE-F— 77 B34 H—
Gv), B EZEMEKOC), Benard Oula Mouklk, #K
HEMK (L), BB EMEK (5C), Ezekie Musava
Kyalolk, Y a € - r=7 v ¥ B LR ENM
Leonard Samita Wamochot#-1:%x L&, JICAX =7
HEFOBMHO®BMIZIE, ARIChA), wWAnaEE
HEFL T ni, S #oEE2 &7 5.

51 A3k

Cruz, A. F., T. Ishii and K. Kadoya. 2000. Distribution of
vesicular-arbuscular mycorrhizal hyphae in the
rhizospheres of trifoliate orange and Bahia grass
seedlings under an intercropping system. J. Japan.
Soc. Hort. Sci. 69(3): 237-242.

AHEE-YH 2L A% - PME-—RK 1992, # %
B AEROVARBEE 2O FEUICBY 95 13w
HUZ DWW Tl = R HERE61(52): 166-167.

Ishii, T. and K. Kadoya. 1994. Effects of charcoal as a
soil conditioner on citrus growth and vesicular-
arbuscular mycorrhizal development.
Hort. Sci. 63(3): 529-535.

Ishii, T. and K. Kadoya. 1996. Utilisation of vesicular-
arbuscular mycorrhizal fungi in citrus orchards.
Proc. Int. Soc. Citriculture 2: 777-780.

AN - EHEFRRER - LR - KEPHDZ. 1996a. PH &
BB A=rru— 7ROV ARR. 55 BER
MERXREHEHEFE. 4-5.

Ishii, T., Y.H. Shrestha, I. Matsumoto and K. Kadoya.
1996b. Effect of ethylene on the growth of vesicular-
arbuscular mycorrhizal fungi and on the mycorrhizal
formation of trifoliate orange roots.
Hort. Sci. 65(3): 525-529.

Ishii, T., Y.H. Shrestha and K. Kadoya. 1996¢. Effect of
a sod culture system of Bahia grass (Paspalum
notatum Fligge.) on vesicular-arbuscular

J. Japan. Soc.

J. Japan. Soc.



36 S VARNE S T SN

mycorrhizal formation of satsuma mandarin trees.
Proc. Int. Soc. Citriculture 2: 822-824.

Ishii, T., I. Matsumoto, Y.H. Shrestha and K. Kadoya.
1999. Ecological aspects of vesicular-arbuscular
mycorrhizal fungi in satsuma mandarin grown in
plastic green houses and fields. J. Japan. Soc. Hort.
Sci. 68(2): 219-227.

Ishii, T., J. Aikawa, N. Nakamura, K. Sano, I. Matsumoto
and K. Kadoya. 2000. Effect of citrus juice pomace
on in vitro hyphal growth of vesicular-arbuscular
mycorrhizal fungi and their in vivo infections of
citrus roots. J. Japan. Soc. Hort. Sci. 69(1): 9-14.

FHFHE. 2000 FABEE & TIRAUEWM. BEHM AR
R i H $R15: 3-6.

FHOUE - AHEHE BT E-BKX MR-
1999. ML AV ARRBORARERZ S5 KITA
78 FHORBERI RITTEE. REERME
68(2): 321-326.

Nair, P. K. R. 1993. An introduction to agroforestry.
Kluwer Academic Publishers. Dordrecht, Boston,
London.

Newman, E. 1., R. D. Child and C. M. Patrick. 1986.
Mycorrhizal infection in grasses of Kenyan savanna.
J. Ecol. 74: 1179-1183.

NI B, 1987 i & & D% SRR, BT

pot] 525

Phillips, J.M. and D.S. Hayman. 1970. Improved
procedures for clearing roots and staining parasitic
and vesicular-arbuscular mycorrhizal fungi for rapid
assessment of infection. Trans. Br. Mycol. Soc. 55(1):
158-161.

Remy, W., T.N. Taylor, H. Hass and H. Kerp. 1994. Four
hundred-million-year-old vesicular arbuscular
mycorrhizae. Proc. Natl. Acad. Sci. USA 91: 1841-
11843.

Shrestha, Y.H., T. Ishii, I. Matsumoto and K. Kadoya.
1996. Effects of vesicular-arbuscular mycorrhizal
fungi on satsuma mandarin tree growth and water
stress tolerance and on fruit development and
quality. J. Japan. Soc. Hort. Sci. 64(4): 801-807.

Wamocho, L.S., K. Yamashita and T. Ishii. 1997a. The
distribution and ecological aspects of vesicular-
arbuscular mycorrhizal fungi in Kenyan orchards. J.
Japan. Soc. Hort. Sci. 66(Suppl.2): 22-23.

Wamocho, L.S., K. Yamashita and T. Ishii. 1997b. Effect
of charcoal application and vesicular-arbuscular
mycorrhizal inoculation on vine growth, fruit
development and quality of passionfruits grown in
the field. J. Japan. Soc. Hort. Sci. 66(Suppl.2): 20-
21.

Summary

About 80% of Kenyan land is arid and semi-arid, and the introduction of tree-planting
techniques is needed for improving the land. We indicated that low soil productivity in Kenya
would be caused by a small number of vesicular-arbuscular mycorrhizal (VAM) spores and low
contents of minerals, especially N and P in the soils, due to soil erosion (Wamocho et al., 1997a).
When soil samples were collected from 103 orchards in 25 locations representing 13 soil types
and 4 regions (high rainfall lowlands, highlands, arid and semi-arid lands, and coastal lowlands) in
Kenya, the number of VAM spores in the 25g soil was 200 and below in every orchard.
Particularly, in more than 60% of these orchards the number of spores was less than 50 in 25g of
soil. In Japan, the number of VAM spores is about 1,000 and more in spite of use of large amounts
of chemical fertilizers and agrochemicals (Ishii et al., 1992; 1999).

Therefore, we investigated the utilization of mycorrhizal fungi on agroforestry systems at Kitui
pilot forest supported by Kenya/Japan Soc. Forest. Train. Project, JICA in the semi-arid regions.of

Kenya. The results obtained are as follows:

1. The kinds of VAM spores collected were Glomus caledonium, Glomus etunicatum, Glomus
fasciculatum, 4 unidentified Glomus genera (2 black spores and 2 brown spores), Gigaspora
margarita and one unidentified Scutellospora genus. The spores of Glomus genus were the

most common among them.

2. Although VA mycorrhizae were observed in every plant, the intensity of VAM infection varied

among the kind of plants.

In particular, high percentage of VAM infection was observed in

several weeds (Cynodon nlemfuensis, Cyperus rigidifolius, Cyperus teneristolon,
Dactylotenium aegyptium, Digitaria abyssinica, Euphorbia hirta, Imperata cylindrica,
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Killinga bulbosa, Pawicum maximum, Setaria pumilla and Solanum incanium), cassava
(Manihot esculenta), and some tropical fruit trees [Carica papaya, Mangifera indica,
Psidium guajava, Tamarindus indica and 2 kinds of indigenous fruit trees (Pachystigma
schunannianum and Sclerocarya birrea)]. Also, all the trees shown in Table 3 formed VA
mycorrhizae.

. When papaya seedlings inoculated with Glomus caledonium were transplanted to a pilot field,

inoculated papaya trees showed both improved resistance to water stress and higher survival
percentages as compared to non-inoculated ones.

. A millet-cultivated soil medium was very effective as a VAM inoculum. In particular, the

number of VAM spores in 25g soil samples increased from 51 to 705 after millet cultivation.
When 27 kinds of nursery trees were inoculated with the millet-cultivated soil medium, VAM
development was stimulated on even tree species colonized commonly with ectomycorrhizal
fungi. However, the stimulation of VAM formation in the roots of Cassia (Sena) siameaq,
Melia volkensii, Termainalia prunoides, Vitex doniana and Zizyphus mauritiana was
observed without VAM inoculation. These trees may contain great amounts of VAM
stimulatory substances in the roots. Furthermore, the growth of nursery trees used was
strengthened by the soil medium. [n particular, increase in VAM colonization in the roots of
Acacia aulococarpa, Carica papaya, Cordia oralis, Mangifera indica, Peysea americana,
Psidium guajava and Schimus molle reflected vigorous growth of these trees.  The
inoculation of VAM fungi and the application of charcoal will be also very useful for the
production of nursery trees.

. These results suggest that the use of VAM fungi can make a useful contribution to agroforestry

systems in the semi arid regions of Kenya.

Key words: Agroforestry, Mycorrhizal fungi, Kenya, Semi arid region, Fruit tree, Weed,

Afforestation
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