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Abstract
Root colonization by arbuscular mycorrhiza (AM) enhances nutrient acquisition by plants and could benefit the production of yam
(Dioscorea spp.). The variation in AM colonization in yam genotypes was evaluated in two experiments at four locations (Ibadan, Onne, Abuja and
Ubiaja) in different agroecologies of Nigeria in 2004 and 2005. Twenty-seven genotypes of D. rotundata and 28 of D. alata were investigated in a
randomized complete block design with three replicates. Arbuscular mycorrhizal fungi colonized all yam genotypes. Root length colonization ranged
from 24 to 95% in D. rotundata and from 21 to 95% in D. alata. Colonization was observed to be high in locations with lower soil available P but was
not precluded by relatively high soil acidity. Highly significant (P<0.001) effects were observed in D. rotundata for genotype and location, as well
as genotype x location, location X year and in D. alata for genotype, location and year. The location x genotype x year interaction was significant
(P <0.05) in both experiments. The broad sense heritability estimates for AM colonization were 0.60 in D. rotundata and 0.87 in D. alata. Further
analysis of genotype x environment interactions using a GGE biplot for the two-year data showed that the most stable genotypes for AM
colonization across locations were TDr 93-32 (D. rotundata) and TDa 98/01183 (D. alata). The highest percentage AM colonization mean were
found in TDr 93-32 (D. rotundata) and TDa 01/00204 in (D. alata). Generally, the highest mean colonization values were obtained at Abuja and

Ubiaja. The results of this study reveal that AM colonization in yam is host-dependent and influenced by the environment.

Key words: Arbuscular mycorrhizal colonization, breeding, genotype by environment interaction, GGE biplot, yam.

Introduction

Yam is an important tuber crop with major food, commercial and
sociocultural values. Dioscorea rotundata (white Guinea yam) is
the dominant species cultivated and used in Africa, a region that
accounts for over 95% of the world’s annual production of about
49 million tons. Globally, Dioscorea alata is the most widely
cultivated species but it is second to D. rotundata in terms of the
quantity produced in Africa. Raising and sustaining productivity
requires a solution to the problem of declining soil fertility in the
yam growing regions. Soil fertility was reported as a major
constraint to production by farmers in an on-farm survey
conducted in Nigeria 2. Some of the other problems militating
against production have been solved by selecting and breeding
for desired traits but little progress has been made in mineral
nutrition-related constraints. Mycorrhizae help plants to acquire
nutrients such as P, N, Zn and Cu *7 from soils with low plant
available nutrients. Hence, sustaining productivity through root
colonization by arbuscular mycorrhizal (AM) fungi for enhanced
nutrient acquisition could be a useful objective for yam breeders.
Breeding for sustainability has been defined as a process of fitting
cultivars to an environment instead of altering the environment
(e.g., by adding fertilizer, water, pesticides, etc.) to fit cultivars ®.

Plant response to mycorrhizal colonization varies with species
and genotype and genotypic variations have been observed in
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the mycorrhizal colonization of many crops *%. Environmental
conditions, such as density of inoculum, temperature, light and
availability of soil nutrients, especially P, have been observed to
influence colonization *-*°. Most of the field trials previously
reported on AM colonization of crops were restricted to one
location and consequently leave no clue about the genotype x
environment (G X E) interactions that have been employed in
assessing the ecological adaptations of yam > 12, Investigation
of this aspect would improve our knowledge of AM fungus-yam
associations under different environments. Multilocational
evaluation of genotypes has been adopted for various traits in
yam breeding programmes * with a primary goal of identifying
superior cultivars for the target locations and developing an
understanding of the target regions.

Biplot analyses have been used for the analysis and graphical
presentation of G x E interaction in agronomic studies °. Recently,
the GGE biplot was developed to graphically visualize and address
specific questions in relation to genotype X environment
interaction 2. The GGE concept is based on the understanding
that genotype main effect (G) and genotype x environment
interaction (G x E) are the two sources of variation that are relevant
to genotype evaluation and must be considered simultaneously
(not alone or separately) for appropriate genotype evaluation *.
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Therefore, GGE biplot analysis can be used to improve our
understanding of the AM colonization of yam in different
environments.

The aims of this research were to study variations in root
colonization by AM in D. rotundata and D. alata and the effects
of' environment and genotype % environment interactions on this
trait.

Materials and Methods

Locations and plot history: Two experiments (one on D. rotundata
and the other on D. alata) were conducted in 2004 and 2005 at
selected sites in four agroecological zones of Nigeria: Ibadan
(3°45°E, 7°30°N; rainfall, 1119.55 mm,; solar radiation, 13.55 MJ/m%
day) in the forest-savanna transition zone; Onne (7°E, 4°48'N;
rainfall, 2356.80 mm; solar radiation, 6.10 MJ/m?/day) in the
high rainfall area of the coastal region; Ubiaja (6°25°E, 6°40'N;
rainfall, 1534.56 mm; solar radiation, 13.05 MJ/m?/day) in the humid
forest and Abuja (7°20°E, 9°16'N; rainfall, 1302.38 mm;
solar radiation, 13.75 MJ/m?/day) in the Guinea savanna.
The minimum and maximum temperatures were 22 and 33°C
at Abuja; 21 and 31°C at Ibadan; 23 and 31°C at Onne and 21
and 33°C at Ubiaja. The experimental fields were under
crop rotation at Abuja, Ibadan and Ubiaja. Cover crops (Pueraria)
were grown for 3 years at Abuja and Ibadan. Before the introduction
of cover crops, yam was the last crop grown at Ibadan and maize
at Abuja. Cassava was the last crop at Ubiaja, followed by natural
vegetation for 3 years before yam was planted. At Onne, the
plot used for D. rotundata was planted with tree legumes
(Dactyladenia barteri) from 1985 to 1997 as an experimental site
for an alley cropping project. Five cowpea varieties were
later planted in the alley between 1998 and 2001 and thereafter
it was left to natural vegetation between 2001 and 2004.
The D. alata plot at Onne was under natural vegetation until
1998 when it was used for plantain sucker multiplication for
one year. During this period, a high amount of triple super
phosphate fertilizer was applied. The land was under natural
vegetation from 1999 to 2004.

Plant materials and experimental design: Twenty-seven
genotypes of D. rotundata and 28 of D. alata were planted at the
four research sites. These genotypes were advanced IITA hybrids
selected for good yields and resistance to foliage diseases and a
few landrace cultivars. The D. rotundata and D. alata genotypes
were established in separate fields. At each location, 30 setts of
each genotype were planted at spacing of 1 m x 1 m on plots of
6 m % 5m, arranged in a randomized complete block design with
three replicates. Each sett weighed 200-300 g. The experiments
were first conducted in 2004 and repeated in 2005 in new fields in
all locations, except Onne. Planting was carried out at Onne in
mid-February in 2004 and mid-March in 2005; at Ibadan, in late
March 2004 and early April 2005; at Ubiaja, in late April of both
years; and at Abuja, in early May of both years. The dates were
determined by the commencement of rainfall. In 2005, two
genotypes of D. rotundata, TDr 97/01817 and TDr 04-211, were
not planted at Abuja and were treated as missing data in the
statistical analysis. Neither fertilizer nor pesticide was applied.
There was no staking except at Onne in the coastal high rainfall
area where it is the cultural practice. Soil characteristics of the
locations were determined.
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Data collection: Root samples were collected at 4 months after
planting from five plants of each genotype, randomly selected
from middle rows in each plot and assessed for percentage root
colonization. The roots were cleared with KOH 2¢ and stained
with Chlorazol black E 4. Colonization by AM was measured using
the method of Giovanetti and Mosse °.

Data analyses: The values obtained for percentage mycorrhizal
colonization were arc sine transformed before analysis. Analysis
of variance was conducted using Proc GLM of SAS ?’. Genotype
was fixed while location and year were assumed to be random
effects. The model for the experiment for each yam species was
P, =m+G +L+Y +B(LY)+YL +GY, +GL +GLY,, te, .
where P, = percentage AM colonization of genotype k in
replication r, location j, and year i; m is the overall mean of the trial;
G, is the effect of genotype k ; L is the effect of location j; Y, is the
effect of year i; B, is the effect of block r; YL, is the interaction
between year i and location j; GY , is the interaction between
genotype k and year i; GL,  is the interaction between genotype k
and location j; GLY, = the interaction between genotype k, year i,
and location j; and e, is the residual effect.

Variance components were estimated from the mean squares in
the analysis of variance. Broad-sense heritability estimates
(H?,), were calculated using the standard formulae outlined by
Singh and Chaudaury %,

GGE biplot analysis * was conducted using an environment-
centered model Py=;-M- ﬁ/ )=ot9, where P; is matrix P (a
multiplication of matrices G and E); Yy is mycorrhizal colonization
of genotype i in environment j; m is grand mean; a, is genotype
main effect; bj is environment main effect; and fy is specific
genotype X environment interaction.

Data were based on environment-centered (scaling = 2) and
G x E table without scaling (scaling = 0). The relationship between
environments was based on environment metric preserving
(SVP =2) while the relationship between genotypes was based
on genotype-metric preserving (SVP = 1). The goodness of fit
of the biplot for all tables was based on principal components
(PC)land 2.

Results

The soil analyses revealed highly to moderately acidic soils at all
locations (Table 1). Onne soils were highly acidic and had
the most organic matter. Soil available P was about 10-fold
higher at Onne and Ibadan than at Ubiaja and Abuja in
D. rotundata fields and very much higher in the D. alata field at
Onne than at the other locations. The soil organic matter contents
were lowest at Abuja; Ibadan soils had the highest concentrations
of Ca, K, Zn, Mn and Cu. The soils at all locations were loamy
sand.

The percentage AM colonization of D. rotundata genotypes
ranged from 24.17 to 95.06 in 2004 and from 28.75 to 90.43 in 2005
(Table 2). The highest ranked genotypes by location in 2004 were
TDr 93-32 at Abuja and Ubiaja, TDr 97/00588 at Ibadan, and TDr
04-213 at Onne. In 2005, the top genotypes were TDr 04-213 at
Abuja, TDr 99-13 at Ibadan, TDr 96/01817 at Onne, and TDr 97/
00917 at Ubiaja. TDr 04-212 had the lowest colonization in 2004
and TDr 96/00528 in 2005 (Table 2). Mean percentage AM
colonization for D. rotundata was highest at Abuja in 2004 and at
Ubiaja in 2005.
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Table 1. Soil properties of the experimental sites for D. rotundata and D. alata genotypes.

Soil properties 2004 2005
Abuja  Ibadan Onne Ubiaja Abuja Ibadan  Onne Ubiaja

D. rotundata
pH(H,0) 4.7 6.1 3.6 5.7 4.7 5 3.8 52
pH(KCI) 3.9 5.5 32 4.8 39 45 3.4 4.7
OM (%) 0.98 1.62 2.38 1.64 0.91 1.67 207  2.05
N (g/kg) 0.03 0.105 0.102 0.093 0.037 0.075 0.09  0.084
P (mg/kg soil) 2.68 20.28 20.76 2.13 2.58 13.02 22.16 4.71
Ca (cmol/kg) 0.65 2.25 0.46 1.44 0.68 2.6 0.38 1.7
Mg (cmol/kg) 0.13 0.56 0.10 0.60 0.26 0.67 0.1 0.79
K (cmol/kg) 0.10 0.24 0.06 0.08 0.18 0.25 0.07  0.11
Zn (mg/kg soil) 2.13 5.58 2.96 2.16 4.13 7.34 335 582
Cu (mg/kg soil) 1.39 2.23 1.15 0.94 1.28 2.97 1.44 1.75
Mn (mg/kg soil) 35.29 63.81 2.88 41.85 31.75 87.1 1.93 4444
Fe (mg/kg soil) 36.69 62.42 143.74 27.27 34.51 54.5 161.02 23.61
Sand (g/kg) 780 820 720 800 780 800 740 840
Clay (g/kg) 100 80 80 60 120 100 40 40
Silt (g/kg) 120 100 200 140 100 100 220 120

D. alata
pH(H,0) 5.4 6.1 3.6 5.7 4.5 5.4 3.6 5.2
pH(KCI) 4.6 5.5 32 4.8 3.8 5.1 32 4.7
OM (%) 1.45 1.62 3.17 1.64 0.76 1.48 2.53 2.05
N (g/kg) 0.091 0.105 0.153 0.093 0.024 0.082 0.165 0.084
P (mg/kg soil) 19.72  20.28 171.54 2.13 2.78 16.05 19425 471
Ca (cmol/kg) 1.6 2.25 1.11 1.44 0.46 2.14 0.59 1.7
Mg (cmol/kg) 0.39 0.56 0.21 0.6 0.13 0.67 0.11 0.79
K (cmol/kg) 0.14 0.24 0.19 0.08 0.13 0.28 0.15 0.11
Zn (mg/kg soil) 4.0 5.58 3.88 2.16 2.94 3.94 2.22 5.82
Cu (mg/kg soil) 1.43 2.23 1.23 0.94 0.83 2.81 1.06 1.75
Mn (mg/kg soil) 55.88  63.81 4.75 41.85 39.23 8322  3.39 44.44
Fe (mg/kg soil) 48.72 62.42 158.52 27.27 35.54 36.2 172.7  23.61
Sand (g/kg) 840 820 760 800 800 760 760 840
Clay (g/kg) 80 80 40 60 100 120 40 40
Silt (g/kg) 80 100 200 140 100 120 200 120

Table 2. Percentage AM colonization of D. rotundata genotypes at four locations in the yam
growing region of Nigeria.

Genotype 2004 2005

Abuja Ibadan  Onne Ubiaja  Mean Abuja Ibadan Onne Ubiaja Mean
TDr 04-211*  76.20 17.97 56.16 65.24 46.45 40.65  38.11 7132 50.03
TDr 93-32* 95.06 40.04 35.62 81.70 63.11 7193  66.83  39.02  86.59  66.09
TDr 04-212*  33.18 30.53 28.83 44.25 34.20 7590 5276 2875  79.04  59.11
TDr 04-213*  89.26 38.42 79.44 65.72 68.21 8323 4946 4394  66.18  60.70
TDr 99-13* 53.07 61.08 61.62 52.47 57.06 54.60 67.62  36.69 7295  57.96
TDr 96/00428  73.48 52.25 63.69 68.85 64.57 57.63 4935 5628 7657  59.96
TDr 96/00528  53.73 49.57 52.90 31.25 46.86 69.77 5217  32.04 56776  52.68
TDr 96/00582  68.68 35.68 69.92 39.36 53.41 80.43 38.88 2994 7534  56.15
TDr 96/00609  78.58 32.75 63.39 43.06 54.45 62.07 58.09 3124 7894  57.58
TDr 96/00629  80.68 39.56 51.38 68.38 60.00 68.90 59.15 3938 7386  60.32
TDr 96/01393  54.88 49.85 46.53 59.35 52.65 64.03 6334  51.53 8255 6536
TDr 96/01395  70.24 50.21 69.49 28.05 54.50 64.03 4396 4386 8033  58.05
TDr 96/01621  66.98 45.75 52.20 45.57 52.63 73.66 46.12  41.11 7028  57.79
TDr 96/01724  51.77 35.31 58.10 69.43 53.65 58.47 5651 4051  69.14  56.16
TDr 96/01750  62.81 24.16 63.56 51.79 50.58 7447 6215 3274 7591  61.32
TDr 96/01799  79.03 47.67 77.33 69.00 68.26 6793 4742 3049 8532 5779
TDr 96/01817  56.20 48.02 56.53 52.86 52.47 5845 6149 8375  67.89
TDr 96/01818  51.54 43.54 46.43 75.08 54.15 61.07 4720 3078 8148 5513
TDr 97/00205  82.35 41.78 51.40 52.63 57.04 75.60 4511 3547  73.60 5745
TDr 97/00585  77.89 33.10 66.69 56.88 58.64 72.10 3028 3392 8032  54.16
TDr 97/00588  85.42 78.89 58.38 81.23 75.98 68.03 3291 3553 8382 5507
TDr 97/00632  56.73 31.45 51.37 40.47 45.00 67.83 53.69 38.04 89.16  62.18
TDr 97/00777  74.65 46.17 42.01 61.16 56.00 78.53 5097 2731 7453  57.84
TDr 97/00793  49.97 50.39 53.32 69.31 55.75 66.97 40.60 58.68 8693  63.29
TDr 97/00903  62.38 47.53 69.78 45.20 71.70  55.63  36.31 88.30  62.99
TDr 97/00917  71.03 48.92 63.20 71.42 63.64 79.40 5340 30.19 9043  63.36
TDr 97/00960  68.58 53.73 52.76 77.76 63.21 59.17 5250 3321 7542 5507
Mean 67.68 43.49 54.57 58.97 69.10 5093 3839  78.10
SE 2.81 2.36 3.07 2.92 1.50 1.85 1.80 1.50
CV (%) 21.16 27.63 28.04 25.25 11.5 1849 2386  9.96

*Landrace cultivar.
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In the D. alata experiment, percentage AM colonization
ranged from 21.18 to 91.70 in 2004 and from 24.76 to 95.08 in
2005 (Table 3). The highest ranked genotypes by location in 2004
were TDa 98/01168 at Abuja, TDa 85/00250 at Ibadan, TDa 01/
00012 at Onne, and TDa 98/01176 at Ubiaja (Table 3). In 2005,
they were TDa 01/00004 at Abuja, TDa 98/01183 at Ibadan and
Onne, and TDa 00/00364 at Ubiaja. In both years, TDa 93-36
had the lowest colonization across the locations; TDa 85/00250
had the highest one in 2004 and TDa 98/01183 in 2005. There
were significant differences (P <0.05) in AM colonization among
genotypes within and across locations. Ubiaja had
the highest mean in both years for D. alata (Table 3).

Analysis of variance for 2004 and 2005 combined data
showed significant effects for all sources of variation except year
in the D. rotundata experiment (Table 4). In terms of
relative contributions to the total variation observed (based on
the total sum of squares), the major effects were attributable
to location (38.91%), genotype x location (18.63%), location x
year (15.43) and genotype x location X year (12.43%).
Genotype accounted for 7.30% of the sum of squares. Table 4
also shows significant effects for all sources of variation in
the D. alata experiment except for the location x year and genotype
x year interactions. The contributions to the sum of squares were:
location 70.02%, genotype 5.30% and genotype x location
interaction 7.86%. Variance components of mycorrhizal
colonization trait in yam are shown in Table 5. In D. rotundata
and D. alata, the genotypic variance (&°g) was higher than

the variance for genotype x location (&°gl), genotype x year (3gy)
and genotype x location x year (&°gly). The broad sense
heritability estimate of mycorrhizal colonization was 0.87 in
D. alata genotypes and 0.60 in D. rotundata.

Table 4. Results of combined analysis of variance for AM
colonization of Dioscorea rotundata and D. alata

in 2004 and 2005.
Source Degrees of Sum of Mean squares ~ Variation
freedlom  squares (%)
D. rotundata
Location (L) 3 28067.15  9355.72%** 3891
Genotype (G) 26 5269.80 202.69***  7.30
Year (Y) 1 312.22 312.22 ns 0.43
GxL 78 13440.54 172.32%** 18.63
LxY 3 11128.11 3709.37*** 15.43
GxY 26 4952.88 190.50***  6.87
LxGxY 77 8970.45 116.50* 12.43
Residual error 422 86.81
CV (%) 18.65
D. alata
Location (L) 3 65089.90 21696.63***  70.02
Genotype (G) 27 4768.37 176.61*** 513
Year (Y) 1 5873.87  5873.87***  6.32
GxL 81 7308.70 90.23* 7.86
LxY 3 352.36 117.45 ns 0.38
GxY 27 2320.77 85.95ns 2.50
LxGxY 81 7249.18 89.50* 7.80
Residual error 440 68.32
CV 15.32

ns - not significant at P<0.05, *** - significant at P<0.0001, * - significant at P<0.05
T - proportion of variation due to the total sum of squares of all treatment effects.

Table 3. Percentage AM colonization of D. alata genotypes at four locations in the yam growing

region of Nigeria.
2004 2005
Genotype Abuja Ibadan  Onne Ubiaja  Mean Abuja  Ibadan  Onne Ubiaja  Mean
TDa 291* 67.92 31.76 37.69 78.2 53.89 82.00 51.89 56.52  89.47  69.97
TDa 297* 73.42 61.20 52.88 81.74 67.31 90.16 4932 5292  87.11  69.88
TDa 00/00060 80.34 44.06 53.58 70.89 62.22 86.79 60.49 47.77 88.98 71.01
TDa 00/00064 78.23 45.09 61.06 88.84 68.31 86.12  50.74 6272 8633  71.48
TDa 00/00103 76.33 55.01 48.08 82.59 65.50 85.03  51.52 5877 8559 7023
TDa 00/00104 75.55 55.58 51.98 89.23 68.09 7943 53.62 5129 8516  67.38
TDa 00/00194 70.76 43.23 49.51 75.73 59.81 78.76  50.02  61.75 9029  70.20
TDa 00/00204 76.54 62.29 50.97 74.05 65.96 70.59 5797 5783 9508 7037
TDa 00/00364 75.66 64.02 30.48 73.02 60.80 93.10 5755 4619 86.86  70.93
TDa 01/00004 68.96 42.11 63.37 75.48 62.48 9271  53.50 4428 9128  70.44
TDa 01/00012 56.63 60.09 36.43 77.49 57.66 68.99 5145 5851 88.20  66.79
TDa 01/00024 61.43 42.90 58.10 82.06 61.12 79.25 5377 5638 91.82 7031
TDa 01/00081 74.84 51.96 44.24 73.64 61.17 81.27 5951 6524  92.06 74.52
TDa 01/00210 66.89 57.95 33.64 83.85 60.58 85.01  57.23 4481 89.28  69.08
TDa 85/00250 68.00 84.72 39.94 88.32 70.24 83.12  52.79 4892 7823  65.76
TDa 92-2* 72.90 2091 34.65 75.77 51.06 81.18  53.86 44.82 7943  64.82
TDa 93-36* 50.54 28.47 32.48 82.38 48.47 79.88 4437 2476  76.12  56.28
TDa 95/00010 70.39 32.86 22.96 80.08 51.57 86.63 42.98 41.03 81.72 63.09
TDa 95/00328 72.73 21.18 46.86 81.68 55.61 79.86  56.77 6854 8697  73.03
TDa 98/01166 7231 37.52 35.50 85.02 57.58 78.78 5030 6125 8399  68.58
TDa 98/01168 84.00 33.82 31.03 75.68 56.13 7497 5929 5611 8434  68.68
TDa 98/01174 62.92 29.47 41.31 74.78 52.12 73.52 5739 4828  86.83  66.51
TDa 98/01176 61.03 47.79 44.74 91.70 61.32 76.47 5437 5034  89.07 67.56
TDa 98/01183 62.43 53.25 58.04 74.28 62.00 83.84 6450  68.71 85.25  75.57
TDa 99/00199 67.67 45.28 46.50 82.32 60.44 79.16 4584 5958  81.71  66.57
TDa 99/00395 44.49 45.69 34.78 77.29 50.56 78.09 5131  46.82  80.76  64.25
TDa 99/00528 75.86 57.46 44.03 78.67 64.01 60.52 5245 4638 89.49 6221
TDa 99/01169 66.43 31.13 27.09 79.75 51.10 79.77 5525 6477  83.18  70.74
Mean 69.11 45.96 43.28 79.81 80.54  53.57 534 86.24
SE 1.69 2.81 2.05 1.05 1.34 0.93 1.86 0.86
CV (%) 12.74 31.72 24.67 6.81 8.67 9.07 18.13 519
* Landrace cultivar.
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Table 5. Estimates of variance components and broad sense heritability

PC1 = 50.1%, PC2 = 27 7%, Sum = 77 8%
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Species d%g &gl dgy dely &% 3% H’y
D. rotundata  38.63 28.50 34.56 9.90 64.27 86.81 0.60
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Figure 1. GGE biplot of the mean performance and stability of Dioscorea
rotundata genotypes with respect to AM colonization for 2004 and
2005 combined analysis.

D. rotundata genotypes (each with accession prefix TDr)

1,96/00428; 2, 96/00528; 3, 96/00582; 4, 96/00609; 5, 96/00629; 6, 96/
01393; 7, 96/01395; 8, 96/01621; 9, 96/01724; 10, 96/01750; 11, 96/
01799;12,96/01817; 13,96/01818; 14, 97/00205; 15, 97/00585;16, 97/
00588; 17,97/00632; 18,97/00777; 19,97/00793; 20, 97/00903; 21, 97/
00917, 22, 97/00960; 23, 04-211; 24, 93-32; 25, 04-212; 26, 04-213;
27, 99-13.

Principal components (PC) 1 and 2 for the combined (2004
and 2005) analysis (GGE bi-plot) explained 66.0% of the variation
in D. rotundata (Fig. 1) and 77.8% of the variation in
D. alata (Fig. 2). The highest mean percentage AM root
colonization was observed in TDr 93-32 for D. rotundata and in
TDa 98/01183 for D. alata; TDr 96/00528 had the lowest mean
percentage AM root colonization for D. rotundata (Fig. 1) and
TDa 93-36 for D. alata (Fig. 2). Figs 1 and 2 represent the average-
tester coordination views. These views show the performance of
yam genotypes across the locations, whereby the genotypes were
ranked along the average-tester axis based on their mean
performance and with the arrow pointing towards genotypes with
greater performance. From the figures, the average location in
terms of AM colonization was between Ubiaja and Abuja for
D. alata, while the locations under D. rotundata performed either
below or above average.

TDr 93-32 (D. rotundata) and TDa 01/00204 (D. alata) were the
most stable for the two species and had their mean percentage
AM colonization values above the general average. In
D. rotundata, the highest ranked genotype was a landrace cultivar,
TDr 93-32, and three out of the five landraces had their AM
colonization mean higher than the average (Fig. 1). However, in
D. alata, three out of the four landrace cultivars had lower values
than the location mean (Fig. 2).
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Figure 2. GGE biplot of the mean performance and stability of
Dioscorea alata genotypes with respect to AM colonization

for 2004 and 2005 combined analysis.

D. alata genotypes (each with accession prefix TDa)

1, 00/00060; 2, 00/00064; 3, 00/00103; 4, 00/00104; 5, 00/00194;
6,00/00364; 7,01/00004; 8,01/00012; 9, 01/00024; 10, 01/00081;
11,01/00204; 12,01/00210; 13, 291; 14, 297; 15, 85/00250; 16,
92-2;17,93-36; 18, 95/00010; 19, 95/00328; 20, 98/01166; 21,
98/01168;22,98/01174;23,98/01176;24,98/01183; 25, 99/00199;
26,99/00395;27,99/00528; 28, 99/01169.

Discussion

Genotypes of D. rotundata such as TDr 93-32, TDr 04-213, TDr
97/00588, and of D. alata such as TDa 85/00250, TDa 00/00064
and TDa 98/01183, gave promising results with high percentages
of AM colonization. Contrary to earlier findings that the hybrids
of some crops had reduced ability to form mycorrhiza ', some of
the hybrids in this study exhibited a high percentage of AM
colonization. In fact, many of the D. alata hybrids had higher
level of AM colonization than the landraces used in this study.

Several of the agroclimatic factors that characterize the wide
geographical range of the yam growing region in Nigeria would
contribute to variation in AM colonization among crop
genotypes 2!, The values for soil available P, organic matter
content and total N followed relatively the same patterns across
the locations in this study. The soil pH of the locations ranged
from highly acidic at Onne to moderately acidic at Ibadan. Despite
the high acidity at Onne, substantial colonization was recorded
there for both species of yam. Mycorrhizal colonization of up to
34% has been reported in soils with pH as low as 3.4 °. The higher
AM colonization at Abuja and Ubiaja in many of the genotypes
compared to that in Ibadan and Onne was possibly the result of
the relatively lower soil available P in Abuja and Ubiaja °. However,
AM colonization of yam roots was still recorded at Onne, despite
the high available P, especially on the D. alata field, contrary to
earlier reports that a high P concentration eliminates mycorrhizal
colonization ' *°, These results suggest that yam roots can be
colonized in soils of relatively high available P and low pH status.

Cropping management history is also known to influence the
diversity of AM species and the extent of colonization % 20,
The heterogeneity of the crops preceding yam and the history of
rotation probably influenced the AM colonization of yam in
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different locations. High plant diversity in natural vegetation and
the highly mycorrhizal cassava crop !¢ preceding yam cultivation
probably contributed to the higher colonization in genotypes of
both crops at Ubiaja than in the other locations. High plant diversity
or species-rich plant communities tend to favour AM species

diversity and subsequently infectivity 3°. The higher AM

colonization of most yam genotypes at Abuja compared to Ibadan,
both with leguminous cover crop preceding yam, is perhaps

explained by the lower soil available P at Abuja.

The foregoing discussion provides several of the likely reasons
for the highly significant location effects on the AM colonization
of yam roots in both experiments. The genotypes responded
differently to the variations in environmental conditions as
demonstrated by the significant first and second-order interactions
with location and year, especially in the D. rotundata experiment.
In the GGE biplots, TDr 97/00903 ranked best in AM colonization
at Ibadan but was the poorest at Onne in 2004 and 2005. Among
other factors, the interaction between genotypes and specific AM
fungal species at the different locations could be responsible for
this. Investigation of the diversity of these indigenous species or
populations of AM fungi was not included in this study.
The significant genotype x environment interactions would
complicate broad recommendations of genotypes for target
environments with respect to this trait. Previous work found
significant interaction effects for genotype x location in D. alata
and D. rotundata with respect to yield traits 17 and also in
cassava where genotype X location interaction was implicated in
the analysis of heritability of most traits evaluated '*2!.

The broad sense heritability (H?, ) estimates for AM colonization
were relatively high for the two species; hence selection for the
AM colonization trait could yield beneficial results. The ranges in
percentage root colonization recorded in the two species offer
opportunities to generate populations for detailed genetic studies
on the trait.

Conclusions

The extent of AM root colonization varies significantly between
yam genotypes and growing environments, and the relative
performance of genotypes with respect to this attribute varies
with the environment. AM fungi could be used to enhance nutrient
acquisition in yam under conditions where low pH may limit soil P
availability. The results from this study provide baseline
information that would facilitate detailed genetic studies on AM
root colonization of yam.
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