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Abstract

A field investigation was carried out to assess dfiect of inoculation with arbuscular
mycorrhizal (AM) fungi on the yeld of cassavelgnihot esculenta Crantz Gliricidia
sepium (Jacg WalpLeucaena leucocephala (Lam de Wiy andSenna siamea Irwin
and Bameby in an alley cropping system. Thewgat low in major nutrients. The
plants were either uninoculated or noculted v&bmus deserticolum Trappe, Bloss
and Menge, but all plants were infected with intiges AM fungi. The dry matter
yield of roots of inoculated cassava was 43% gretien the uninoculated cassava.
Apart from the positive effects on kawves G@liricidia, mycorrhizzal inoculaton dd
not influence the dry weghts of stems and leavethe hedgerow trees. These yied
ncreases in cassava amliricidia were associated with ncreased P uptake and
higher root colonizaton by AM fungi. The effecf @oculaton with Glonmus
deserticolum was to ncrease nutrient uptake Senna and improve extraction of soil
water inLeucaena. The improved productivity of inoculated plants niagy attributed
N part to increased in stomatal conductance (gahspiration (E) and a stable xylem
pressure potentialxylem) resulthg in greater extraction of soil wate the dry
season.

Key words: Arbuscular mycorrhizaylanihot esculenta, Gliricidia sepium, Leucaena
leucocephala, stomatal conductance, transpiration, xylem presgotential

Introduction

Substantial evidence exsts that arbuscular myzasgh(AM) in symbiotic association
with higher plants can increase the efficiency ofrient and water uptake and this, n
turn, may improve the growth of mycorrhizal planfsarticularly in soils lbw n
available phosphorus (P) (Abbott and Robson, 128R)é et al., 2004; Harley and
Smith, 1983; Reddel and Warren, 1986; Trappe, 1981)

In the humid and subhumid tropics, Affisols are lswavaiable P and other essential
nutrients (Cobbinaet al., 1989; Kang and Wison. 1987) such that crop pridtyc
5 limited by the deficiency of nutrients. In sushis, either chemical fertiizers have
been applied to improve the fertiity of the sd@hpshet al., 1989; Mittal and Singh,
1989; Njoku and Arene, 1980) or an aley croppiggtesm has been used to improve
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nutrient flow in such soils. In this system, woodjgumes and arable crops are
nterplanted respectively in hedgerows and alleyélson and Kang, 1981). The
woody legumes fix atmospheric nitrogen to enricé #oi and are pruned regularly to
provide green manure and muich to arable cropsendleys. However, legumes
require optimum P in the range of 815 mglkgeil for nodultion, nirogen fixation
and growth (Bethlenfalvayet al., 1985; Marschner, 1986). One of the ways of
achieving adequate P nutrition in leguminous treewl arable crops lke cassava
(Manihot esculenta Crantz) is through inoculation with AM mycorrhzé&wotoye et
al.,, 1992, Doddet al.,1991; Sieverding and Howeler, 1985).

In spite of the importance and natural occurrericéh® arbuscular mycorrhizal fungi
n tropcal ecosystems (Miler, 1979), there is study known to us that has
demonstrated their use in an agroforestry systemticydarly in aley cropping . It
has been shown that inoculaton of cassava witodinted AM fungi in addkion to
exssting indigenous AM fungi may either increaseod@®et al., 1990; Howeleret al.,
1987) or not influence (Kangt. al., 1980) crop yield. The use of efficent AM fungi
for increasing crop productivity in infertle soikas been demonstrated in Colombia
(Howeler et al., 1987, Saif, 1987), but its usefuhess is yet tofldlg recognized n
sub-Saharan Africa.

The purpose of our study was to investigate on #isoAin southwestern Nigera if
nocultion with AM fungi without fertiizer applidion coud be used as a
management tool to ncrease the above-ground hionoishedgerow treesSenna
samea, Gliricidia sepium and Leucaena leucocephala and the root yield of a cassava
ntercrop.

MATERIALSAND METHODS
Cultivaion of Plants

The experiment was estabished on an Affisol atilages (Lattude 7' 43 N and
Longtude 3' 9 E) between the University of lbadan and the lational Institute of
Tropical Agriculture (IITA) in Ibadan. The rainy ason extends from April to
October and the dry season from November to Martk. site was chosen because it
had been cropped continuously n the past five syeard the sol had lbw nutrient
availability (Table 1). The soil is of Balogun ser (Rhodic Kandiustalf).

The experiment utiized three woody legumes, nanféiypna siamea lrwin and
Barneby Gliricdia sepium (Jacq)Walp and Leucaena leucocephala (Lam ) de Wit

as hedgerow trees, which served as the main treadmemjcorrhizal noculation and
non-inoculation were sub-plot treatments. CassawalMS 30572 (parentage 58308
x Branca de Santa Catarian) (Ha¢nal., 1973) was the sole ntercrop for all the
hedgerow tree treatments. The experimental des@m a 3 x 2 factorial, replicated
three tmes in a completely randomized completeckblaesign. Cassava was
ntercropped with eitheBenna siamea , Gliricidia sepium orLeucaena leucocephala .

The hedgerow trees and intercrop were ether wied or inoculated with the AM
fungus Glonus deserticolum Trappe, Blbss and Menge. No attempt was made to



destroy the indigenous AM fung, which were mai@lonus mosseae and three
species ofAcaulospora. Hence, the uninoculated trees and cassava werénfaisted
with indigenous mycorrhizas.

The trees were planted in rows 4 m apart and O.&itin row whie the cassava
ntercrop was planted in rows 1 m apart, and 1 nhiwrows to give a respective
plant populaton density of 5000 hedgerow and 00,68ssava plants HBa- Each
sub-pbt was 12 x 12 m and consisted of three lofeeach hedgerow tree. Each
external line of hedgerow trees n a sub-pbt wasoanded by two rows of cassava
to reduce the edge effects. Hedgerow trees wetabligleed from 4-week-od
seedings previously grown in nursery polethyldregs (11.5 cm diameter, 15 cm
depth) containing over-steriized topsol from tield site. Cassava plants were
estabished with 0.2 m stem cuttings in the fielRuring establshment, the hedgerow
trees were planted n the furrows between the gidgéile the cassava stem cuttings
were inclined in the ridges to avoid intial conipenh between the two plants.

Arbuscular mycorrhizal inoculation, consistng gioes and hyphae and infected root
fragments was done with 10 g of crude inoculumGofdeserticolum.  Hedgerow
trees and cassava were inoculated by placing thde anoculum 3 cm under ether
the seeds in the polyethylene bags or under tie stétings in the field at the time of
planting.

Plant Physiology, Harvest and A nalysis

Arbuscular mycorrhizal colonization was assessedtdiyng root samples of the trees
and cassava at three random locations within eabiplat. Roots were washed free
of sol by hand and stored in 50 % ethanol. The samples were cleared using 10
% KOH in an autoclave at 122C for 15 min. The pigmented roots of Seemal
Leucaena were further bleached with alkalne,® before stainhg with Chlorazoke
Black E soltion (Brundrettet al., 1984. The grid intersect method was used to
evaluate the percentage of root colonization (Gietid and Mosse, 1980).

At 12 months after planting, the hedgerow treesewent 50 cm above soil level,
separated into keaves and stems, dried a®C70to constant weight and the weights
recorded. At the same time, the cassava plante Wanvested to determine the leaf,
stem and root dry weights. Al tuberous and fisrawots were recovered by
excavaton as far as it s possible.

Leaf samples of harvested materials were digesyedthd microkieldahl method and
total N determined colorimetricaly using a Tecbnicautcanalyser (IITA, 1982).
Levek of K, Ca and Mg were determined by atomisogltion spectrometry after wet
ashing n nitric-perchloric acid mixture. Phospisorcontent was determined by the
molybdenum blue method of Murphy and Riey (1962).

Sol moisture characteristcs were determined fr sampes from 0 - 30, and 30 -
60 cm soi depths. The samples were dried for dag at 80°C to obtain the soil
moisture content. The soll water potentd ¢oi) was nferred from a curve relating



soil moisture content to¥ sol using a pressure plate apparatus (Sol Meistu
Instruments Co, Santa Barbara, CA, USA).

Water reltions parameters, i.e. gs, . xyem and W soil were measured on
hedgerow trees and cassava plants between 11.004&0@l h on specific days in the
dry and wet seasons. Three sets of measuremengstaken during the dry and the

wet seasons, but the results for only one seasame shown, as trends for the other
seasons were similar. The period between 11.0@8.001h was chosen because
preliminary observations showed this to be theogedf maxmum effects. Stomatal
conductance and E were determined with a Li-16@adyt State Porometer (Licor
Inc. Lincoln, Nebraska, USA), lheucaena, the gs and E could not be determined
with the porometer owing to the small nature oflégves. Xylem pressure potential
was determined with a pressure chamber apparats MSisture Instruments Co.,

Santa Barbara, CA, USA) using single shoots obterel single leaves of cassava.

Introduced AM fungus contribution to nutrient comteand yield of trees and cassava
was estimated using the formula below ( Kothetrial., 1991).

Introduced AM fungus contribution (%) % x 100,

where total uptake of P or N, or leaf or stem bgsnar root yeld by AM noculated
plants is denoted by A, and uninoculated plantd byfotal uptake or content of any
mineral nutrient was calculated as the productootentration and leaf dry weight.

Satistical Andysis

The data for inoculated (I) and unnoculated (@g of each species were subjected
to analysis of variance, using LSD at p<0.05 fet & significance.

Results
Arbuscular mycarrhizal roat colonization

Inoculated and uninoculated hedgerow trees, andagaswere colonized by AM
(Table 2). The colonization kvel of inoculatedd aminoculated plants did not differ
significantly from each other except f@liricidia and cassava. IGliricdia and
cassava, percentage root colonization in inoculgadts was about 1.5 - 35 tmes
higher than those of uninoculated plants.



Plant biomass and cassavaroot yield

Only inoculated and uninoculate@liricidia plants differed in leaf dry weight (Table
2). There were no signficant differences n thesse@a yelds with the diferent
hedgerow species and therefore, the data undehealhedgerow trees for hoculated
or uninoculated cassava were combined (Table Bhculaton withG. deserticolum
significantly increased cassava root Veld, theldyief dry matter of roots of
unnoculted control (C) was about 57% of the teded ( I) plants (Table 2).

Data on water relatons are presented in TableoB.n®isture extraction appeared to
be evenly distributed between the topsoil (0 — 8 end subsoil (30 — 60 cm) during
the dry season (Table 3). However, inoculatedldih extracted more soil moisture
(more negatve W soi) than the contrad ( C). In the wet seasami moisture
extraction appeared to be mainy from the subsajerd , indicating that the
concentration of absorbing roots were in this layer

Stomatal conductance (gs) and E were general\ethighthe wet season than in the
dry season (Table 3). Whie inoculatS8dnna and cassava plants showed higher gs
and E than their unnhoculted plants durhg the dryason, inoculated and
unnoculatedGliricidia did not show any difference. In the wet seas@rgthvere no
significant differences n the gs, E aWl xylem between inoculated and unnoculated
plants. In spite of the differences n the soitevgotential at 0 - 30 cm between the
dry and wet seasons lreucaena and cassava plants, the values ¥f xylem n both
seasons were simiar. However,Sanna the lowerW soil at this soil depth n the dry
season caused more negatie xylem than in the wet season. However, thereewer
no diferences in the¥ xylem values between inoculated and uninoculatadtsp n
either the dry or wet season.

Nutrient concentrations, particularty P, were iased by AM inoculaton in cassava
andGliricidia (Table 4). In the other hedgerow trees, there avésndency for higher

nutrient concentration in inoculated plants but #Eects were not significant until

nutrient uptake (in leaves) was considered. Téhigrobably attributed to the dilution

effect of greater biomass production in the ndediplants. In spite of the kck of

growth response n inoculatédenna, the total uptake of all nutrients in leaves was
significantly increased wih AM inoculation excefpr Na.

The contribution of mycorrhizal inoculation is atosn in Tabe 5. Phosphorus
uptake corresponded witlsliricidia leaf biomass or cassava root yeld, whie for
Senna andLeucaena the N uptake corresponded with their leaf biomass.

Discussion

In this study, the yields of inoculated hedgerowe$ and cassava were similar to

yields in other studies where fertiizer rathernthaoculaton with AM fungi had been
used (Ghostet al., 1980; Mittal and Singh, 1989; Njoku and Arene, 198@&verding

and Howeler, 1985). Akhough in this cropping skstefertizers were not applied,
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the data showed that in aley cropping systemgiesiti AM fungi may augment the
deficiency of nutrents particularly P. This isidewit in the data presented in Tablke 5.
The agreements in mycorrhizal contribution betwéenuptake and leaf biomass for
Gliricdia, and root yeld for cassava highight the role of ANhgi in increasing crop
productMty n an alley cropping system and nhpital soils where P defciency is
common. These findings confirm th@& deserticolum is effective for Giricidaand
cassava by forming extensve and well dstributegtefum n the soil coupled with
extensive colonization of newly formed roots for uptake as reported for other AM
fungi and plants (Abbott and Robson, 1982). AMlegse resuits confirm the
mycotrophic nature of these plants, as earlier esigg for cassava (Howelet al.,
1982: 1987) and foGliricidia (Kang and Mulongoy, 1987, Osonuéi al., 1991).

The benefts to be derived from inoculaton of acamhizal dependent crop follow
from the concentraton of AM propagules that candohieved and the efficiency of
the natve AM fung populton (Howeleret al., 1987). Dominant indigenous
arbuscular mycorrhizaG( mosseae) has been shown to be highly effective for maize
plants (Kothariet al., 1991). In ths study, the root yield from uninated cassava
was about 57% of that from nhoculated plants, andGliricidia, leaf biomass of
unnoculated plants was about 58% of nocultedntpla These suggest that
noculation with AM fungi is still necessary for ssava andGliricidia plants, to
achieve optimum productivity despie the occurren€édigenous mycorrhiza.
Although, the productivity of the crop is not nesady related to root colonization
by AM fung, in this study, the root infection datgpear to correspond with cassava
root dry weight and hedgerow leaf dry weights (€aP).

It is tempting to speculate that the non-significaffect of leaf biomass wih the
ntroduced AM mycorrhiza may be attributed to theailable sol P, which may be

bwer than the threshod or critical level requrddr efficient functonng of
mycorrhizas undeLeucaena and Senna establishment. Similarly, at low sol P, AM

solates have been shown to be ineffective witsaas pants (Howelest al., 1987).

Except for Gliricidia, nocultion of Senna and cassava with G. deserticolum
ncreased ther gs and E during the dry se@Fable 3). Although the gs and E of
noculated Gliricidia plants were simiar to those of uninoculated plathe sum
total of these water reltion parameters in tioguated plants per hectare are bound
to be greater than those of the uninoculatedspbetause of the greater leaf weight
(hence greater leaf area) in the inoculated (sd@eda?2 and 3). If hgher E means
higher photosynthesis (Allen and Allen, 1986) th#we increased water relation
parameters are lkely responsible for the greaiemadss and better root yield n
noculated plants than the uninoculated plants. addtion, the enhanced gs and E n
the inoculated plants during the dry season mag leused the greater extraction of
soil moisture (more negativé’ soi) from the inoculated sub-plots than from the
unnoculted sub-plots.

In the present study, there were no clear-cut amditcs that AM inoculation

mproved the water reltons of both tree hedgerewd aley-cropped cassava except
for a few cases during the dry season. Insteagomses to drought stress have been
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related to species differences. For exanlaicidia andSenna came to ther peak
of gs and E earler than cassava durng the drgoseaThis might reflect a strategy
on the part of the trees to enhance their uptak€C©f earier in the day before
drought-stress & at a maximum in the afternoon.

This observation is confimed with hydrauic corditg data which became
neglgble 1-2 hours after peak transpiration ioculated and uninoculated trees
whereas n cassava plants, it contnued at simiies in both noculated and
unnoculated plants throughout the day. Hence, dhserved vyield diferences
between AM inoculited and uninoculated tree hedgerand alley-cropped cassava
may not be due to improved water relations per ks, to differences in nutrient
uptake observed for other cukivated crops (Nelaad Safir, 1982, Bolganet al.,
1983).

The similar ¥ xylem in inoculated and uninoculated plants witbnsatal closure n
the uninoculated wihout signs of visible witinguridg the dry season (Table 3)
clearly indicate that the unnoculated trees andsaea can maintain favourable
nternal water status through stomatal regulationThese results confirm earlier
findings by Awotoyeet al. (1992) and Osonubiet al. (1991) on adaptive strategy of
preventing drought-stress by non-mycorrhigliricidia and Leucaena.

Compared to inoculate@liricidia, the plant biomass dbenna was not influenced by

AM inoculaton (Table 2), but total uptake of neti and water reltion parameters
were significantly improved (Tables 3 and 4). Thi&k of growth response but
mproved physiological response to AM inoculation in agreement wih previous
reports (Awotoyeet al., 1992; Augéet al., 2003; Pacovskyet al., 1986) and it shows

the variation of benefits of AM fungi to plants.
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Table 1: Chemical and physicd characteristics of the soil at the experimental sites

91

CHEMICAL EXCHANGEABLE CATIONS PHYSICAL
0

Dept (cm) I—Fli%') Org::;nic Tclifal ix(trgzcigb_ll()e Ca | Mg Na K CEC Fin:/(émd % Silt % Clay
0-8 6.1 0.48 0.03 14 120 096 0.21 0.11 498 8 6 20 12
8-38 6.0 0.52 0.03 13 164 098 0.13 0.10 394 2 8 10 8
B-74 57 0.28 0.03 2.3 104 062 0.18 0.07 298 64 22 14
74 - 115 51 0.06 0.01 0.1 080 0.67 0.06 0.05 238 64 22 14
115 - 140 4.9 0.06 0.02 0.1 0.34 0.0 0.04 001 117 60 22 18
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Table 2: Percentarbuscular mycorrhizal colonization, dry weights of rootsof cassava and aove ground
biomass of hedgerow woodylegumes, 12 months after planting

Arbuscular mycorrhizal Dry weight
Plant spedes Treatment | Colonisation L eaf Stem Cassavaroot
% (tha)
Cassava I 76.8a 1.2 33 10.4a
C 50.5b 1.0 24 5.9%
Senna I 54.6a 3.6a 4.7 na
C 46.8a 1.8ab 25 na
Gliricddia I 70.6a 3.21 6.4 na
C 19.8a 1.8b 4.3 na
Leucaena I 57.3a 5.6a 5.9 na
C 44.1ab 3.8a 2.8 na

I = Inoculated witlG. deserticolum, C = Control uninoculated plants. Different leftevithin each
plant species indicated significant differendeL®D P <0.05. Absence of letters ndicate non-

significant difference.
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Table 3: Water relaions characteristics of cassava and hedgerow woodylegumesduring dry and wet seasons

. Inoculation ¥ soil gs E ¥ xylem
Plant species Season Treatment (Mpa) (mmol) (mmol) (M pa)
0-30cm 31-60cm m?2s?t m? st
Cassava Dry I -0.6b -1.0b 5la 2.0a -05
C -0.4a 0.4a Ob Ob -0.7
wet I -0.1* -0.9 333 9.4* -05
C 0.2 -0.6 343* 6.2* -0.5
Senna Dry I 0.8 0.4k 64z 0.9¢ -2.2
C 0.4 -0.2 Ob Ob -2.2
wet I -0.1* 0.8* 575* 9.5* -1.8
C -0.1* 0.8 569* 7.7* 1o
Gliricidia Dry I 0.4 -.4b 71 14 -1.6
C 0.4 0.3a 95 17 -1.5
wet I -0.1* 0.4a 645* 9.7* -1.7
C -0.1* 0.8b 512 8.8* -15
Leucaena Dry I -0.3b 0.3b na na -0.5
C 0.la 0.k na na -0.5
wet I -0.1* 0.7* na na -0.6
C 0.1 0.7* na na -0.6

= Inoculated withG. deserticolum, C = Control uninoculated. Different letters witheach plant species and within a season (dry
or wet) indicate signficant difference at LSDPG&).Absence of letters indicated non-significaritegince ako, means
folowed by *indicate significant difference beteredry and wet seasons. Zero (0) values of gs amdidated stamatal
closure Inoculation.
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Table 4: Nutrient concentraionsand uptak e in leavesofcassava and hedgerow woodylegumes, 12 months after planting
Sgtlaag;s ?;C;L:;%? Nutrient concentration (%) Nutrient uptake in leaves (M g Plant™)
P N Ca Mg K Na P N Ca Mg K Na
Cassava I 0.29* 3.22 1.3 0.2p 189 0/45  0.48* 4)14.66* | 0.31 2472 | 0.64
C 0.16 2.74 1.20 0.18 1.61 0.40 0.20 1.64 104 6 (0114 0.35
Senna I 0.14 220 | 1324 016 0.83 0.1 1.01* 942 156091 *| 550 | 1.15
C 011 2.00 0.81 0.14 0.74 0.13 0.32 7.40 2150 0.52.62 0.50
Gliricidia I 0.21* 373 0.83 0.36 195 0.3 130 22790 511 .102| 12.10| 231
C 0.15 342 1.14 0.39 1.37 0.25 0.90 1557 408 0 1.87.10 14
Leucaena I 0.21 3.64 1.06 0.39 1.97 2.92 2852 40.20 12.0 2*4)321.10* | 2.80
C 010 | 330| 101 o023 139 077 OFf7 2570  7.8150(1.9.90 | 190

| = Inoculated withG. deserticolum; C = Control uninoculated; * indcate significadfference between the means within a plant

species at P <0.05.
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Table5: Contributionsofintroduced arbuscula mycorrhiza fungusto the
total uptake of phosphorus, nitrogen, leaf and stem biomass of the

four hedgerowwoodyleguminoustrees and root yield of cassav g,
12 monthsafter planting

Contribution %

Plant species P N Ledf Stem Cassava Root yield
Cassava 45 15 16 27 43
Senna 21 9 50 47 na
Gliricidia 29 8 44 33 na
Leucaena 52 9 32 52 na
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