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Abstract This study aimed at determining shoot and
root characteristics of cassava as affected by root yield
and the influence of soil moisture on vegetative growth
and yield. Thirty cassava genotypes were evaluated for
morphological and physiological characterization in
three locations in Nigeria: Ibadan, Mokwa and Zaria.
Randomized complete block design was used with
four replicates. Studies on the pasting properties of the
genotypes were also carried out. Data were collected
on plant height, stem girth, stay-green ability, garri
and fresh root weight. Genotypes differed significantly
(P < 0.05) across and within locations for shoot and
root characteristics. Across locations, genotype
011663 had the highest plant height (132.4 cm);
30572 had the largest stem girth (8.6 cm); and
010040 was the best stay-green (2.2). Genotype
011086 had the highest number of roots per plot
(95.7), 950289 had the highest fresh root yield (24.3
t/ha), and 990554 had the highest percentage of dry
matter (35.2). Trends in root yields across locations

N. A. Adetoro (X)) - A. Bello - E. Parkes -

S. A. Ogunbayo - M. G. Akinwale -

0. O. Aina - A. Afolabi - P. Tluebbey -

L. O. Sanni - B. Maziya-Dixon - A. Dixon - P. Kulakow
International Institute of Tropical Agriculture (IITA),
PMB 5320, Ibadan, Oyo State, Nigeria

e-mail: n.adetoro@cgiar.org

N. A. Adetoro - O. O. Oworu - A. L. Nassir

Department of Crop Production, Olabisi Onabanjo
University, PMB 2002, Ago Iwoye, Ogun state, Nigeria

Published online: 29 March 2021

were Ibadan (28.9 t/ha), Mokwa (20.3 t/ha), and Zaria
(8 t/ha). Five genotypes IITA-TMS-IBA950289,
010034, 990554, 011807, and 980581 had negligible
interactions with the environment and so have broad
adaptation and are considered stable; and two clones
011807 and 950166 were found to be the best for
pasting properties. Breeding strategies that consider
root size, total root number, harvest index, dry matter,
with applications for household foods and industrial
uses, will be an effective and efficient way to select
genotypes for high yield.

Keywords Cassava - Genotypes - Soil moisture -
Pasting properties - Vegetative growth

Introduction

Cassava is a major food crop in sub-Saharan Africa
(Hahn et al. 1989). In the past, production in most
countries was mainly for the starchy tuberous roots
that are valuable sources of cheap calories particularly
for low-income earners and resource-poor farmers.
However, in recent times, the crop is gradually gaining
a strategic position in world trade as a result of the
efforts by various governments and the private sector
in developing novel, value-added cassava-based prod-
ucts for human consumption and industrial uses
(Dixon et al. 2005). Indeed, cassava can serve as an
important engine for growth in many countries if
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production, diversification, and commercial uses are
improved (Anon 2000).Nigeria stands out as the
world’s largest producer with increased production
and average output of 42.5million tons and 12.3t/ha in
2010 to 54 million tons and 14.03 t/ha in 2012
harvested from 3.85 million hectares of land (FAO-
STAT 2013). Data from the Collaborative Study of
Cassava in Africa (COSCA) showed that 80% of
Nigerians in the rural areas eat a cassava meal at least
once a week with increased average per capital
consumption over 5 years from 88 kg/person/year to
120 kg/person/year between 1965 and 1998 (Nweke
et al. 2002).

Cassava performs five main roles: famine reserve
crop, rural food staple, cash crop for foreign exchange,
industrial raw material, and foreign exchange earner.
This suggests that Nigeria is the most advanced of the
African countries poised to diversify the use of
cassava as a primary industrial raw material and
livestock feed (Nweke et al. 2002). Nutritionally,
cassava contains potassium, iron, calcium, vitamin A,
C, and B-6, folic acid, sodium, and protein, all vital in
the human diet (IITA 2005). It provides some protein,
minerals, (iron and calcium) and vitamins (A and C)
through the consumption of the leaves. It gives
stable yields even in the face of drought, low soil
fertility, and low intensity management (IITA 1998).
It can be used in products of many types, such as food
(abacha, fufu, lio-lio, tapioca, cassava flour and Garri
(Ihenkoronye and Ngoddy 1985; Iwuoha et al.1996),
confectionery, sweeteners, glues, plywood, textiles,
papers, and biodegradable products, also in the
manufacture of monosodium glutamate and medici-
nes, dry chips, and alcohol (IITA 2005).

Cassava grows and produces well in the Nigerian
environment, especially in the southern parts. How-
ever, it shows different growth behaviors and yields in
different years as a result of differences in annual
weather conditions. The water regime of an environ-
ment is another important factor which affects growth.
Differential soil water and nutrient regimes have been
reported to affect yield stability (Cock 1985).
Although cassava is extremely tolerant to water stress,
prolonged moisture deficiency leading to reduced
growth, development, and root yield have been
reported (CIAT 1980; Connor et al. 1981; El-
Sharkawy et al. 1992).

Cassava is relatively drought resistant (Onwueme
1978; Cock 1985). A good proportion of the crop is
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grown in areas with less than 750 mm of annual
rainfall. Evidence that cultivation has increased in
recent years in the savanna and semiarid areas in
Nigeria, Tanzania, and northern Ghana, suggests that
it may have an increasingly important role to play as a
reliable source of staple food supplies (Berry, 1993).
Only a few studies have examined how cassava copes
with drought (Connor et al. 1981; El-Sharkawy et al.
1984; Baker et al. 1989).

Global warming due to greenhouse gases can also
change the variability of climate. These changes are
effected through climate-related parameters which
include temperature, precipitation, soil moisture, and
evapotranspiration. The degree to which climate
variability occurs is still uncertain but potentially
serious changes have been identified in some regions.
These include events of extremely higher temperature,
floods, and droughts with associated bush fires, pest
outbreaks, ecosystem composition, and primary pro-
ductivity. Consequently, there is need to research the
cassava plant’s response to environments while also
identifying the indices that will enable the crop to cope
well with changes in the environment in the very near
future.

International Institute of Tropical Agriculture
(ITTA) has some selections which are stay-green
varieties with the ability to retain leaves during the dry
season when many cassava varieties would have shed
their leaves. This present research attempts to find out
morphological and physiological characteristics
which cause the stay-green characteristics and to
relate them to yield.

The expectation from the result is to inform
breeders in developing genotypes with improved
drought resistance leading to increase food production
and sustainable agriculture in the drier areas.

Materials and methods

Thirty stay-green cassava genotypes were evaluated in
a randomized complete block design with four repli-
cates in three locations. The plot size was 36 m? and
plants were spaced at 1 m apart in six rows of 6 m
each. The three locations were:

Ibadan [(Derived Savanna (DS) with Lat 7°26’ N
and Long 3°54’ E, and 243 masl], with mean annual
temperature  (minimum (22.7-23.5) °C and
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maximum (22.8-34.5) °C and rainfall (1260 mm)
with length of growing period of (211-270) days.
The soil in this area is an Alfisol classified as Oxic
Haplustalf or ferric Luvisol. There are two rainy
seasons, one from March to July and the other from
mid-August to November. The months of Decem-
ber, January and February are cold due to harmattan
wind blowing across the State from the North-East
(IITA, Ibadan).

Mokwa [(Southern Guinea Savanna (SGS) with Lat
9°29’ N and Long 5°04’ E and 152 masl], it has
underlain rocks of pre-Cambrian Basement Com-
plex with ferric Luvisol soil type. The zone has sub-
humid climate with mean annual temperature
(minimum (18.8-23.5) and maximum (28.8-35.8)
and rainfall (1120 mm) with length of growing
period of (181-201) days and about 5 months’ dry
season. (National Crop Research Institute (NCRI)
sub-Station, Mokwa).

Zaria [Northern Guinea Savanna (NGS) with Lat
11°11' N and Long 11°78’ E and 610 masl]. The soil
in the area is orthic Luvisol classified as Typic
Haplustalf (USDA Soil Taxonomy as cited by
Ogunwale et al. 1975) or Acrisol (FAO-UNESCO
legend as cited by Valette and Ibanga 1984).
Rainfall pattern is mono modal with mean annual
rainfall (941 mm) and temperature (minimum
(14.3-25.0) and maximum (29.1-36.6) with
(151-189) days length of growing period. (Ahmadu
Bello University (ABU) Teaching and Research
Farm, Shika, Zaria).

Healthy stakes of 25 cm long were planted at a
slanting position on 30 cm high ridges with 2/3 of the
length buried in the soil. Planting was done in each
location when soil moisture was sufficient to sustain
establishment. Weeding was done manually using
hoes and cutlasses at 1, 3, 6, and 9 months after
planting (MAP). Harvesting was done at 12 months
after planting (MAP).

Samples of the garri product from the genotypes
were taken to the Biochemistry Laboratory for deter-
mination of pasting properties (cooking property).

Sample preparations

The dried garri samples were ground to pass through a
I-mm sieve using an analytical mill (A10 Janke &

Kunkel, Staufen, Germany) and stored at 4 °C until
analysis (Sanni et al. 2008).

Data collection

Physiological and growth parameters were evaluated
at 3, 6, and 9 MAP using four plants selected at random
within the plot as samples. The variable measured at
various growth stages include leaf stomata conduc-
tance of the abaxial area, chlorophyll contents, leaf
area, plant height, stem girth, number of nodes, level
of branching, leaf retention ability (stay-green).
Genotypes were screened for resistance to diseases
(CMD: cassava mosaic, CBB: cassava bacterial blight,
CAD: cassava anthracnose).

Yield parameters: fresh shoot weight per plot (kg).
fresh root weight per plot (kg and t/ha) and total
number of storage roots per plot.

Root size was visually scored using scale 3 to 7:
3 = small, 5 = moderately big, and 7 = very big. Dry
matter percentage (DM %) of the storage root cortex
was determined from a random bulk sample of four
plants selected from the inner four rows. The roots
were washed to remove soil and shredded. One
hundred grams of fresh root cortex was taken in the
form of small chips and dried at 70 °C for 72 h in a
forced air oven until constant weight was achieved.
The dried sample was weighed and root DM% was
calculated as follows.

Percentage root cortex DM = dry weight/ Fresh
weight x 100

Garri production: 10 kg of cassava roots were taken
from each genotype harvested. Cassava roots were
peeled, washed with water, and grated with grating
machine. The pulp was put in jute bag and pressure
exerted on it to remove water from the pulp. Dewa-
tering took up to three days and as the pulp was being
dewatered it was also undergoing fermentation. The
pulp was sieved to remove chaff and toasted in a pot
until gelatinized grains are formed.

Peak viscosity (PV): maximum viscosity developed
during or soon after the heating portion of the test, in
Relative Value Units (RVU). Setback viscosity (SV)
from peak: final viscosity minus peak viscosity, in
RVU. Final viscosity (FV): viscosity at the end of the
test, in RVU. Pasting temperature (PV): Temperature
at which the peak viscosity occurred in °C. Pasting
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time: time in minutes at which the peak viscosity
occurred, in minutes.

Determination of pasting properties

The pasting properties were determined using a Rapid
Visco Analyzer (RVA) (Model RVA 3D +). The
RVA is a heating and cooling viscometer configured
especially for starch-based products and others requir-
ing a precise control of temperature and shear. It is
ideal for determining rapidly the pasting profile of
cooked starch-based samples in a controlled manner.
The sample was turned into slurry by mixing 3 g with
25 mL of water inside the RVA Can. This was inserted
into the tower, which was then lowered into the
system. The slurry was heated from 50 to 95 °C and
cooled to 50 °C within 12 min. The Can was rotated at
a speed of 160 rpm with continuous stirring of the
content with a plastic paddle. Results on pasting
properties were obtained following the procedure
explained by Sanni et al. (2008).

Statistical analysis

All data generated were analyzed using the Statistical
Analytical System (SAS 1999). Analysis of variance
(ANOVA) was carried out on plot mean basis, for
combined ANOVA over locations and seasons and
pooled as environments using the Generalized Linear
Model (GLM) procedures for Randomized Complete
Block Design (RCBD). All factors were considered as
random. Phenotypic variances for the combination of
years and locations were calculated from formulae
(Falconer and Mackey 1996). Principal Components
Analysis (PCA) was obtained from genotype and
genotype-by-environment (GGE) biplot analysis.

Data generated from the laboratory measurements
of pasting properties were analyzed using the GLM
procedure (SAS 1999). ANOVA was conducted to
generate mean squares (MS) using proc core proce-
dure of SAS.
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Results

Variations in shoot and root characters
within and across locations

The MS from the pooled ANOVA for shoot, root, and
yield traits of 30 stay-green genotypes across three
locations in two seasons are presented in Table 1. The
MS for year were highly significant for all characters
(P < 0.001) except for number of roots, harvest index
(HI), and dry matter (DM). For locations, the MS was
not significant for DM but highly significant for all
traits (P < 0.01). Concomitantly, the MS for the
environments (location x year) were also significant
for all those shoots, root and yield related, except for
garri weight. The MS for genotypes were highly
significant (P < 0.001). All the traits showed signif-
icant genotype x location MS except for DM. For
genotype x year interaction MS, plant height, garri
weight, shoot weight, and number of roots were
significant (P < 0.05) while root size was highly
significant (P < 0.001). The genotype x year x lo-
cation MS component was also significant for all traits
except for DM and root size.

Table 2 presents the pooled analysis of variance for
morphological traits of 30 stay-green genotypes across
three locations and two seasons. The MS for year were
highly significant (P < 0.0001) for all the traits. The
MS of location was significant for all traits except leaf
area. Genotypes, however, showed significant MS
only for chlorophyll content. The MS for geno-
type x location was also significant (P < 0.001) for
all traits except for stem girth. The MS for geno-
type x year component was all highly significant
(P < 0.01). The three-order interactions (geno-
type x location x year) were also highly significant
for all traits except for stem girth.

Morphological and physiological variabilities
among cassava genotypes for traits for 2 years
in three locations

The mean performance of 30 cassava genotypes in
relation to 19 morphological and physiological traits
in three locations evaluated for 2 years is shown in
Table 3.

Tested genotypes performed better in Ibadan in
respect to level of branching, chlorophyll, plant height,
number of leaves, gari weight, CBB resistance, fresh
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Table 1 Pooled analysis of variance of mean squares for shoot, root, and yield traits of 30 stay-green cassava genotypes evaluated
across six environments at three locations in Nigeria over two seasons

Source of DF Plant height Garri weight Fresh yield HI DM (%) Shoot weight Root Number of
Variation (m) (kg) (kg) (kg) size roots
Year (Yr) 1 18770.6" 13.2" 3354 0.05™ 151.1ns 9911.8"" 569" 6429.84 ™
Location (Loc) 2 2559342 387" 234617 0.47%%% 15919 ™ 34161.2""" 82.38""  225001.80""
Rep, (Loc *Yr) 16  2028.6™" (1 1343 0.02"" 5743 2335" 2.69°"  31813.65""
Genotype 29 33423" 03" 123.7° 0.03"" 6687 199.17" 5.037"  2949.88"""
(Gen)
Loc *Gen 58 1827777 01" 66.9"" 001" 164™ 882" 1.70""  905.65"
Gen *Yr 29 1319.8" 0.1° 323 ™ 00l ns 218ns 623" 1.677"  557.35"
Loc *Gen*Yr 57 1496.6™" 0.1 314" 0017  135™ 634" 095"™  577.63"
Error 491 7982 0.1 222 0 17.8 37.2 0.74 364.28

***Significant at P < 0.001, **Significant at P < 0.01, *Significant at P < 0.05, ns not significant at P < 0.05

Table 2 Pooled analysis of variance (ANOVA) of mean squares for morphological traits of 30 stay-green cassava genotypes across

six environments in Nigeria over two seasons

Source of variation DF  Chlorophyll Stomata conductance (mol mzsfl) Stem girth (cm) No. of nodes Leaf area (mz)
Year (Yr) 1 385.6"" 627575.77" 3425 114961.7°"  12525.6™"
Location (Loc) 2 518" 9960.3"" 8411.4™" 39558.5" 689.7708
Rep (Loc*yr) 16  67™ 2204 132" 114961.7"  2622.723 ns
Genotype (Gen) 29 1186 1097 ns 6.9 ns 250.2 ns 337.1442 ns
Loc*Genotype 58 17.7 795.7°* 4.8 ns 219.3" 339.2896""
Gen*year 29 277 850.4™" 63" 170.4™ 3450637
Loc*Gen*year 57 13377 703.2"" 4.3 ns 161" 339.866"""
Error 491 52 4112 3.6 58 193.1765
***Significant at P < 0.001, **Significant at P < 0.01, *Significant at P < 0.05 ns not significant at P < 0.05

root yield, harvest index. Mokwa is favorable to tested 920289 (40.0), 980510 (50.5) and 950166

genotypes in relation to stomata, stem girth, number of
nodes, cad resistance, shoot weight and number of
roots. Genotypes respond better in Zaria in relation to
leaf area, CMD resistance, stay green and dry matter
content while genotypes respond the same way in
Ibadan and Mokwa in respect to root size.

Table 4 shows overall mean of selected morpho-
logical and physiological traits performance of 30
cassava genotypes evaluated for 2 years in three
locations in Nigeria. 90.3% of tested genotypes
recorded LAI value above grand mean of 0.01 with
930267 had the highest value of 0.032. More than half
of the tested genotypes recorded mean value above
grand mean for stem girth (73.3%), chlorophyll
content (60%), number of node (56.7%) and stomata
conductance (53.3%) with genotype 30572 (8.6 cm),

(144.6 mol m—2 s~ ') recorded highest mean value,
respectively. Half of the tested genotypes had Crop
Growth Rate (CGR) and Stay Green (SG) value above
grand mean of 0.29 and 2.76 with genotype 92B00068
(0.710) and 10040 (2.2) recorded highest value,
respectively. Less than half of the 30 genotypes
recorded mean value above grand mean for number of
leaf (16.7%) with genotype 30572 (49.3) recorded the
highest mean value across locations.

Yield and yield related traits of 30 cassava geno-
types tested in three locations in Nigeria for 2 years is
shown in Table 5. The mean plant height across
locations ranged from 132.4 cm for G4 to 86.1 cm for
G,5 (MH950414). Ibadan recorded the highest mean
plant height (134.1 cm) which was 14.2% higher than
that of Mokwa and 48.9% higher than value obtained
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Table 3 Overall means, standard deviation and coefficient of variability of 30 genotypes for morphological and physiological traits

for 2 years over three locations

Traits Ibadan Mokwa Zaria Across mean SD (6\Y%
Traits 2010 2011 Mean 2010 2011 Mean 2010 2011 Mean

Level of branching 1.3 2.6 2.0 1.8 1.4 1.6 1.4 1.3 1.4 1.6 0.51 31.22
Chlorophyll (1 mol m~2) 37.3  35.7 36.5 35 372 36.1 319 35 335 354 1.97 557
Stomata (mol m~2 s~ 1) 152.3 89 120.7 182 854 133.7 141 117 129.1 127.8 37.72  29.51
stem girth (cm) 3.7 5.1 4.4 11.3 172 143 4.8 1.9 34 7.3 5.78  78.82
Plant height (cm) 140.1 128 134.1 119 111 115.1 747 623 685 105.9 30.76  29.06
Number of nodes 714 28 49.7 687 405 546 343 254 299 447 20.33 45.46
Leaf area (m?) 0.022 0.001 0.012 0.01 0.010 0.012 0.02 0.01 0.013 0.012 0.007 58.33
Garri weight (kg) 2.1 2.1 2.1 1.2 0.6 0.9 1.9 1 1.5 1.5 0.64  43.15
Number of leaves 873 8438 86.0 304 289 297 268 222 245 467 30.59 65.46
CMDS 1.3 1.9 1.6 1.6 1.1 14 1.1 1.1 1.1 14 0.33 2444
CBBS 2.1 14 1.8 1.8 24 2.1 2.7 2.5 2.6 2.2 048 2233
CADS 1.4 2.9 2.2 0 0 0 2.2 2.4 2.3 1.5 0.62  41.80
Fresh root yield (t/ha) 351 227 28.9 173 233 203 120 4.0 8.0 19.1 10.66 55.91
Harvest Index (%) 0.57 058 058 044 051 048 0.5 049 050 052 0.05 9.71
Shoot weight (kg/plot) 423 257 340 346 367 357 18.6 5.7 122 273 13.5 4951
Stay-green 4.2 1.2 2.7 33 2.1 2.7 32 2.6 2.9 2.8 1.02  36.98
Root size 5.7 6.3 6.0 6.4 5.5 6.0 5.7 4.3 5.0 5.7 0.75 13.25
DM (%) 31.6 277 29.7 224 309 267 345 332 339 301 44 14.64
Number of roots 117.7 758 96.8 682 1272 977 623 225 424 79.0 38.54 48.82

S Disease severity, CMD Cassava mosaic, CBB Cassava bacterial blight, CAD Cassava anthracnose, DM Dry matter, SD Standard

deviation, CV Coefficient of Variation

in Zaria. Across the locations, the mean fresh root
yield ranged from 24.3 t/ha for G to 13.5 t/ha for G;.
In 2010, Ibadan recorded the highest mean yield (35.1
t/ha) whereas in 2011, Mokwa recorded the highest
mean yield (23.3 t/ha) and Zaria recorded the lowest
(4.0 t/ha).

Across locations the mean DM ranged from 35.2%
in Gyy to 24.10% in G4 which was a yellow fleshed
variety. Mean dry matter in Zaria was 12.4% higher
than that in Ibadan and 21% higher than in Mokwa.
Across locations, the mean gari weight ranged from
1.2 to 1.9 kg and 43% of the genotypes had mean
value below the recorded average gari weight across
locations. Ibadan recorded the highest mean gari
weight (2.1 kg) followed by Zaria (1.5 kg), and
Mokwa (0.9 kg) (Table 5).

The mean number of roots ranged from 95.0 for G3
and Gs to 53.0 for G,;. The trend of number of roots
across the three locations was Mokwa (97.7), Ibadan
(96.8), and Zaria (42.4). Across the locations, the

@ Springer

mean root size ranged from 6.8 (big) in Gig to 4.3
(small) in G4. The biggest root size of 6.43 was
recorded at Mokwa in 2010; the smallest root size of
4.34 was recorded in Zaria in 2011.

The mean harvest index (HI) across locations
ranged from 0.60 for Gy, to 0.42 for G4. 43.3% of
the genotypes evaluated across the three locations
recorded mean HI above the across-location mean.
The mean shoot weight across locations ranged from
34.3 kg in Gyg to 20.0 kg for Gzo. At Ibadan, Mokwa
and Zaria Gg, Gy (469 kg/plot) and Gyo
(19.7 kg/plot) recorded highest mean shoot weight
(Table 5).

Across the locations, mean CMD score ranged from
1.10 for G,; to 3.10 for G5 (91934). At Mokwa, the
mean score for CMD was higher (1.6) in 2010 (1.6)
than in 2011 (1.10). Zaria recorded the same lowest
mean CMD score (1.1) in both years. Across locations,
mean CBB score ranged from 1.60 (G 4y to 2.62 (G3).
Among all the six environments, Ibadan in 2011
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Table 4 Overall mean of selected morphological and physiological traits of 30 cassava genotypes evaluated over 2 years in three

locations in Nigeria

Genotype number ~ Genotypes Stem Nnode Stomata Chlorop Lbrch Nleaf LA SG LAI CGR
girth
1 10034 7.4 46.8 120.2 35.0 1.7 483 0.012 298 0.012 0.442
2 10040 7.4 48.8 122.1 334 1.8 48.8 0.012 217 0.012 0.342
3 11086 6.9 445 123.2 354 1.9 48.1 0.014 270 0.014 0.285
4 11663 7.8 47.7 132.4 38.0 1.2 45.1 0.015 252 0.015 0.277
5 11807 6.8 40.6 121.4 35.1 1.6 412 0011 264 0011 0.533
6 20105 73 44.6 129.0 37.1 1.5 41.5 0.011 239 0.011 0.138
7 20131 7.5 45.1 114.4 332 1.7 435 0.013 274 0.013 0.354
8 20431 7.5 424 136.1 37.3 1.8 41.1 0.011 292 0.011 0.254
9 20452 7.1 433 129.0 33.0 1.3 353 0.012 299 0.012 0.398
10 30572 8.6 444 120.5 35.0 2.0 49.3 0.010 3.05 0.010 0.144
11 9102322 7.6 459 120.1 343 1.7 430 0012 3.03 0.012 0375
12 9102324 7.0 38.7 120.5 35.6 1.1 339 0.013 298 0.013 0.323
13 91934 6.3 38.2 127.5 37.3 1.8 410 0010 3.04 0.010 0.225
14 920067 8.1 40.6 125.0 36.7 1.2 340 0.009 233 0.009 0.051
15 920326 75 45.0 127.8 355 1.2 384 0.014 260 0.014 0.279
16 92B00068 6.6 48.3 130.5 38.0 1.6 41.8 0.011 267 0.011 0.710
17 930267 6.3 449 139.0 36.0 1.6 38.1 0.032 284 0.032 0.233
18 950166 7.5 444 144.6 32.6 1.5 40.8 0.012 276 0.012 0.419
19 950289 79 40.1 120.7 40.0 1.2 39.3 0.014 234 0.014 0.523
20 961672 7.8 49.8 129.6 322 1.2 36.9 0.014 3.12 0.014 0.175
21 980510 7.7 50.5 123.5 37.3 1.8 490 0014 245 0.014 0.090
22 980581 7.6 45.0 132.6 31.1 1.4 406 0013 248 0.013 0315
23 990240 7.2 442 121.2 38.5 1.4 34.1 0.012 273 0.012 0.098
24 990554 73 48.7 126.8 36.7 1.1 364 0.016 288 0.016 0.321
25 MH950414 6.5 382 126.2 29.9 1.7 39.3 0.009 3.07 0.009 0.242
26 MMO961751 7.3 44.7 132.8 38.5 0.9 3.0 0.014 294 0.014 0510
27 MMO965280 8.1 45.6 134.3 34.1 1.5 38.0 0.012 285 0.012 0.181
28 MM96JW1 72 44.5 135.0 32.7 1.7 43.5 0.011 284 0.011 0.065
29 MM972480 6.6 49.0 124.2 36.9 1.6 42.1 0.010 2.68 0.010 0.188
30 TME 1 7.7 41.7 138.7 34.6 1.1 36.7 0.014 254 0.014 0.169
Grand Mean  7.33 44.72 127.8 35.35 1.63 46.73 0.012 276 0.01 0.29
SE 0.11 0.62 1.27 0.44 0.05 0.89 0 0.05 0.00 0.03
Min 6.3 382 114.4 29.9 0.9 31.0 0.01 217 0.01 -0.05
Max 8.7 50.5 144.6 40.0 2.0 49.3 0.03 312 0.03 0.71
CvV 7.95 7.59 5.46 6.77 19.1 12 31.1 9.29 311 56.63

Nnode number of nodes, Chlorop Chlorophyll content, Lbrch level of branching, Nleaf number of leaves, LA leaf area, SG Stay-
green, LAI Leaf area Index, CGR Crop Growth Rate, SE Standard Error, CV Coefficient of Variation

recorded the lowest mean score for CBB (1.40)
whereas Zaria recorded the highest mean CBB score

of 2.70 (Table 5).

The correlation coefficients for traits measured over
the years and locations are presented in Table 6. Most
of the traits show significant correlation inter se.
Notably, fresh root yield was positively correlated

@ Springer
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Table 5 Overall means of disease scores, yield, and yield-related traits of 30 cassava genotypes evaluated over 2 years in three

locations in Nigeria

Genotype Genotypes CMD CBB CAD Pltht FYLD HI DM Nroot Rtsz Shtwt Garri wt
number (cm) (tons/ha) (%) (%) (kg) (kg)
1 010034 1.5 198 245 1294 21 0.54 323 88 5.8 308 1.9
2 010040 1.4 2 2.18  110.1 21.6 0.52 28.6 767 59 29 1.4
3 011086 1.1 2.15 208 104.2 18.68 049 274 957 5 30.2 1.2
4 011663 1.1 1.9 238 1324 15.02 042 241 61 5.6 296 1.1
5 011807 1.1 2,12 2.1 98.7 21.83 0.55 321 95 6.1 26.1 1.6
6 020105 1.1 1.88 2 128.3 20.6 0.57 308 632 62 212 1.9
7 020131 1.4 198 228 1093 18.07 042 30.7 684 54 307 1.5
8 020431 1.2 2 1.9 92.7 19.77 0.55 31 91.8 52 287 1.5
9 020452 1.3 2.18 1.83 98.1 20.72 0.56  29.9 758 6.1 238 1.3
10 30572 1.7 2,55 203 1094 17.65 0.53 299 88.6 5.1 258 14
11 9102322 1.3 222 213 98.6 21.13 0.6 27.8 774 57 242 14
12 9102324 1.3 253 208 952 21.18 0.59 287 655 43 236 1.6
13 91934 3 238 22 92.1 18.13 052 29.7 754 62 254 14
14 920067 1.2 1.6 1.83 873 174 0.54 31.1 76.1 5.6 244 1.2
15 920326 1.6 195 258 1004 19.6 0.52 293 733 56 285 1.3
16 92B00068 1.3 1.85 2.03 93 20.15 049 30 88.8 6.8 27.1 1.3
17 930267 1.2 2.03 223 1204 17 049 317 839 54 298 1.6
18 950166 1.4 2.07 158 942 19.98 048 28.5 53 6.3 29.6 1.6
19 950289 1.3 2.15 245 103 24.28 054 277 828 63 343 1.3
20 961672 1.3 2.18 29 130 17.27 047 32 813 56 284 14
21 980510 1.1 238 228 109.2 18.05 048 274 825 53 275 1.1
22 980581 1.2 232 265 1053 22.32 0.54 318 86.7 59 325 1.7
23 990240 1.1 262 23 112.1 19.08 0.51 31.6 858 57 245 1.8
24 990554 1.1 2.03 258 1072 18.2 048 352 65.6 58 305 1.7
25 MH950414 1.1 233 233 86.1 19.07 0.59 315 929 49 20 1.7
26 MM961751 1.1 2.17 278 109 19.75 0.54 295 764 6.2 233 1.6
27 MM965280 1.2 2.13 203 102.6 18.15 0.51 30.1 79 55 266 1.6
28 MM96JW1 1.3 2,12 22 97 16.28 046  30.6 743 51 299 14
29 MM972480 1.1 205 223 1088 15.1 047 303 903 48 289 1.5
30 TME 1 1.6 262 203 103.1 13.48 048 29.7 538 55 20 1.4
Loct. Mean 135 2.15 223 105.8 19.07 0.52  30.1 789 5.66 27.27 1.48
SE 0.07 0.04 0.05 227 0.43 0.01 0.37 2.12 0.1 0.65 0.04
Min 1.1 1.6 1.58 86.1 13.48 042 241 53 43 20 1.1
Max 3 262 29 132.4 24.28 0.6 352 957 6.8 343 1.9
(6% 27.11 11.06 13.08 11.77 12.37 893 6.79 148 949 13.17 14.35

S Disease severity; CMD cassava mosaic, CBB cassava bacterial blight, CAD cassava anthracnose. Pltht Plant height (cm) FYLD
Fresh Yield (t/ha) HI HI (%) DM Dry Matter (%) Nroot Number of roots, rtsz root size, shtwt shoot weigh (kg), Garriwt Garri weight

(kg), SE Standard Error, CV Coefficient of Variation

(P < 0.001) with leaf number (0.46), gari weight
(0.23), HI (0.43), shoot weight (0.79), number of roots
(0.77) and root size (0.43). It is also positively
correlated with chlorophyll content (0.25), stem girth

@ Springer

(0.24), plant height (0.49), number of nodes (0.44),
and CMD (0.13). Fresh root yield was however
negatively related (P < 0.01) to mean scores of CBB
(— 0.28) and CAD (— 0.29).
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Chlorophyll content was significantly and posi-
tively correlated with stem girth (0.19), plant height
(0.23), node number (0.11), fresh root yield (0.25),
shoot weight (0.19), and root size (0.11) but negatively
correlated with stomata (— 0.15), garri weight
(— 0.18), and DM (— 0.14). Stomata were signifi-
cantly and positively correlated (P < 0.001), with
node number (0.55), garri weight (0.26), and root size
(0.12), but had a significantly negative correlation
with stem girth (— 0.11), leaf number (— 0.32), HI
(= 0.11), and number of roots (— 0.15).

In Table 6 Plant height was significantly and
positively correlated with node number (0.41), leaf
number (0.68), garri weight (0.18), fresh root yield
(0.49), H1 (0.09), shoot weight (0.54), number of roots
(0.37), and root size (0.24) but significantly and
negatively correlated with DM (— 0.25). Node num-
ber was significantly and positively correlated with
fresh root yield (0.44), shoot weight (0.56), number of
roots (0.33), and root size (0.22), but significantly and
negatively correlated with leaf number (0.17), H1
(— 0.08), and DM (— 0.19).

Leaf area was positively correlated with garri
weight (0.18) and significant, fresh root yield (0.09),
and shoot weight (0.31), but significantly and nega-
tively correlated with leaf number (— 0.22). Shoot
weight was also notably significantly and positively
correlated (P < 0.001) with stem girth (0.55), chloro-
phyll contents (0.19), plant height (0.56), node number
(0.31), leaf area (0.26) and fresh root yield (0.79) but
had a significantly negative correlation with DM
(— 0.17). Number of roots (0.77) and root size (0.43),
chlorophyll content (0.25), stem girth (0.24), plant
height (0.49), number of nodes (0.44), and CMD
(0.13) but negatively correlated to CBB (— 0.28) and
CAD (— 0.29) mean scores. Chlorophyll content
correlated (P < 0.001) with stem girth (0.19), plant
height (0.23), node number (0.11), shoot weight
(0.19), and root size (0.11) but negatively correlated
with stomata (— 0.15), gari weight (— 0.18), and DM
(— 0.14). Stomata correlated (P < 0.001), with node
number (0.55), gari weight (0.26), and root size (0.12)
but had a significantly negative correlation with stem
girth (— 0.11), leaf number (— 0.32), HI (— 0.11), and
number of roots (— 0.15). Plant height (P < 0.01)
correlated with node number (0.41), leaf number
(0.68), gari weight (0.18), H1 (0.09), shoot weight
(0.54), number of roots (0.37), and root size (0.24) but
negatively correlated with DM (— 0.25). Node

@ Springer

number correlated with shoot weight (0.56), number
of roots (0.33), and root size (0.22) but negatively
correlated with leaf number (0.17), H1 (— 0.08), and
DM (— 0.19). Leaf area correlated with gari weight
(0.18) and shoot weight (0.31) negatively correlated
with leaf number (— 0.22). Shoot weight correlated
(P < 0.001) with stem girth (0.55) but had a negative
correlation with DM (— 0.17) (Table 6).

Genotype by Environment Interaction (G x E)
analysis of genotypes for root yield using AMMI
model analysis

The AMMI 1 analyses for fresh root weight and DM
are presented (Figs. 1, 2). Cassava production per
plant was significantly (P < 0.01) influenced by
treatment effect as contained in the genotype, envi-
ronment, and interaction components and these jointly
captured 95.8% of the Total Sum of Squares (TSS) for
fresh root weight and 88.1% for DM. The interaction
and the genotype portions were 5.08 and 4.7% for
fresh root yield and 16.12 and 7.8% for DM. Principal
component axes 1 and 2 were significant (P < 0.0001
and 0.001). The two axes jointly explained significant
of the interaction sum of squares for fresh root weight
and DM (63.91% and 67.17%) (Figs. 1, 2) leaving a
non-significant of 26.09% and 32.83% in the residual
(Tables 7, 8). The mean squares (MS) from the

4.5 _[F=505% G =5.08%, PC1 = 4.7%, Sum=95.8%
629
3.0 G17
PINIY
| 154 zan S )
MK10 .
P a0 o
Coo P MK11
1 I :-_""(355'03 """""""""""""""""""
)
G G W?@’}'éw
1.5 &t
I
‘3.0_
1B10

T T T T T T T T
45 80 15 00 15 30 45 60

Main Effects
AMMI

Fig. 1 Biplot of first AMMI interaction-IPC1 (Stability
Analysis) scores (Y-axis) plotted against fresh root yield (x-
axis) for 30 cassava genotypes in 6 environments (3 x 2) in
Nigeria
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Fig. 2 Biplot of first AMMI interaction-IPC1 (Stability
Analysis) scores (Y-axis) plotted against fresh dry matter (x-
axis) for 30 cassava genotypes in 6 environments (3 x 2) in
Nigeria

analysis represented the variance of components and
captured 88.05% and 64.22% of the variation with
environment for fresh root weight and DM accounting
for the largest portion, 95.8% and 88.1% of the total
variation for fresh root weight and DM respectively.
The genotype main effects had 5.08% and 16.05% of
the variation for fresh root weight and DM (Figs. 1, 2).
Genotypes or environments on the same parallel line
relative to the y-axis have similar yields, and a

genotype or environment on the right side of the
midpoint of this axis has higher yields than those on
the left. For DM the interaction accounted for 85.7%
of the total sum of squares due to treatments;
genotypes accounted for 12% while environment
captured 2.3%.

Genotype compatibility to different environments

From Fig. 1 the environments of Zaria in 2010 and
2011 and of Mokwa in 2010 were similar in having
lower main effects (yield) and negative IPC1. Geno-
types 2, 17, 29, and 30 were grouped along with the
environments; G7 was grouped along with Mokwa
environment in 2011 with both having high main
effects and positive but near zero IPC1. Genotypes 6,
21, and 9 had negative IPC1 and below average main
effect; G23 and G25 had main effects and IPC values
closest to the average main effect and zero IPC
interaction; G3 and G26 had above average main
effect and near zero IPC1.The remaining genotypes
and environments clustered together within negative
IPC1 and above-average main effect.

Genotype x Environment (G x E) and Stability
Analysis of 30 cassava genotypes for fresh root
and DM using the Genotype

and Genotype x Environment (GGE) model

Figure 3 presents the GGE-Biplot polygon for cassava
root yield, showing related genotypes for each trait
across environments. For the fresh root yield, seven

Table 7 AMMI analysis of fresh root weight for 30 stay-green cassava genotypes in six environments

Source df SS Interactions
MS

Total 684 92378.1494 135.0558
TRT 179 79283.6653 442.9255
GEN % 29 3806.6837 131.2650
ENV % 5 68369.9973 13673.9995
GxE % 145 7106.9843 49.0137
IPCA 1 33 3857.0518 116.8804
IPCA 2 31 1395.7014 45.0226
Residual % 81 1854.229 67.1656
Error % 505 13094.4841 25.9297

TSS (%) F-ratio Probability

1.99 < 0.0001
4.84 2.8 < 0.0001
86.20 87.52 < 0.0001
8.96 1.99 < 0.0001
54.27 5.27 0.000
19.64 2.03 0.001
26,09 0.00 1.000

AMM]I Additive main effect and multiplicative interaction, MS Mean squares, /PCA Interaction principal component axis. 7SS Total
Sum of Squares, Gen Genotype, Env Environment, G x E Genotype by environment

@ Springer
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Table 8 AMMI analysis of

Source Interactions
dry matter for 30 stay-green
cassava genotypes in six df SS MS TSS (%) F-ratio Probability
environments
Total 541 28040.0 51.83
TRT 179 17730.9 99.0551 0.91 < 0.0001
GEN % 29 2131.9 73.5144 12.0 4.06 < 0.0001
ENV % 5 405.8 81.1567 2.3 2.23 0.02 *
GxE% 145 15193.2 104.7805  85.7 0.91 < 0.0001
AMMI Additive main effect IPCA 1 33 5913.8 179.2044 389 2.3 < 0.0001
and multiplicative IPCA 2 31 4291.6 138.4381 28.3 1.74 < 0.0001
interaction, MS Mean Residual %  81.0  4987.8 180.3 32.8 0.59 0.42
squares, /PCA Interaction Error % 362 10309.28 285

principal component axis

PC1 = 55.8%, PC2 = 18.2%, SUR: 74%
Transform = 0, Scaling = 0, Centiling = 2, SVP = }

9

T T T T
-3.0 -1.5 0.0 1.5 3.0 45 6.0
PC1

which won where for fyld

Fig. 3 GGE Biplot for best genotypes (G) in term of fresh root
yield in different environments. IB10 = Ibadan 2010, IB11 =
Ibadan 2011; MK10 = Mokwa 2010, MK11 = Mokwa 2011;
ZA10 = Zaria 2010, ZA11 = Zaria 2011

rays divide the Biplot into five sectors in which all the
environments fell except one and the vertex genotype
for this sector was 19 (950289), The identified sector
with G19 as vertex genotype also include G7, G4, G3
G16, G14, G22, G13; the highest yielding genotype
was G23. Results showed that no environment fell into
sectors with G9, G6, G29, and G30 as the vertices,
indicating that these genotypes were not the best in
terms of yield in any environment.

For dry matter (Fig. 4) even though, there were five
sectors in all, only one mega- environment was
identified. The identified sector with G24 as the vertex
genotype also includes G3, G14, G22, G20, G1, G7,

@ Springer

G25. No environments fell in the sector with G29,
Gl6, G27; G12, G15, G5, G26 G8, GY, G2; G6, G18,
G4, G19, G13, G21 and G23, G10, G28.as vertex
cultivars.

Table 9 shows the pasting properties of 30 stay-
green clones planted in 2010 and 2011 at different
agro-ecological locations (Ibadan, Mokwa, and Zaria).

The table presents the mean pasting properties by
location. There were significant (P < 0.05) genotypic
variations among the genotypes for all variables
except trough and pasting temperature. The effect of
the environment (locations) on the pasting parameters
was significant (P < 0.05) in both years. The varia-
tions due to interactions between clone and location

3.2 —fPc1=516%, PC2 = 17%, Sum=586%
Transform = 0, Scaling = 0, Centerifg = 2, SVP =2

T

T T T T T T T T T T T
40 32 24 16 08 00 08 16 24 32 40 48
PC1
dry matter

Fig. 4 GGE Biplot for best genotypes (G) in term of dry matter
in different environment. IB10 = Ibadan 2010, IB11 = Ibadan
2011; MK10 = Mokwa 2010, MK11 = Mokwa 2011; ZA10 =
Zaria 2010, ZA11 = Zaria 2011
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Table 9 Analysis of variance (ANOVA) for pasting properties of 30 cassava clones evaluated for 2 years in Nigeria

Sources of variation df Peak (RV) Trough (TV) Breakdown Final viscosity Setback Peak Pasting
Clone 20 704177 4521.0 ™ 1077.3"" 5290.9™ 373.4" 0.7 5.0 ns
Location 2 1440905 14159.5™ 863513 29593.6""" 347027 1077 9.8%
Clone*Location 51 6446.9™ 5887.5" 1050.6™" 7130.0% 307.5" 03" 43 ns
Error 3763.7 3490.9 133,2 3017,3 52.6 0.1 3.9
cv 31 39.3 25.8 11.5 6.5 4

R? 0.73 0.62 0.71 0.89 0.85 0.55

**%Significant at P < 0.001, **Significant at P < 0.01, *Significant at P < 0.05, ns not significant at P < 0.05, CV Coefficient of

Variation

(clones x location) were significant (P < 0.05)
except for pasting temperature.

Peak viscosity which is the maximum attainable
during the heating cycle ranged between 130.3 RVU
(MM972480) and 294.6 RVU (950166) in 2010 and
129.3 RVU (MM972480) and 439.3 RVU (011807) in
2011. The trough values ranged between 101.1 RVU
(MM972480) and 189.6 RVU (011807) in 2010 and
from 98.0 RVU (MM972480) to 385.6 RVU (011807)
in 2011. Trough or hot paste viscosity is the minimum
viscosity value in the constant temperature phase of
the RVA profile and is an index of starch granule
stability to heating. Breakdown viscosity ranged from
23.6 RVU (TMEB-1) to 106.6 RVU (MH950414) in
2010 and from 15.5 RVU (011663) to 115.7 RVU
(950166) in 2011. The setback viscosity which is an
index of the retrogradation of linear starch molecules
during cooling ranged between 42.6 RVU
(MM972480) and 81.4 RVU (020431) in 2010 and
from 37.3 RVU (011807) to 77.9 RVU (011663) in
2011. Mean final viscosity across clones ranged from
143.7 RVU (MM972480) to 270.9 RVU (020431) in
2010 and from 141.3 RVU (MM972480) to 422.9
RVU (011807) in 2011.

Time to attain peak viscosity ranged from 4.4 min
(MH950414) to 6.6 min (011663) in 2010 and from
3.8 min (011807) to 6.7 min (011663) in 2011.
Pasting temperature (PT) of different cassava starches
ranged from 47.7 °C (9102322) to 50.0 °C (011807)
in 2010 and from 48.2 °C (010040 and 9102324) to
57.5 °C (011807) in 2011 (Table 10).

Discussion

The significant mean squares for most of the root shoot
and yield traits confirm appreciable variations among
the 30 cassava genotypes used in the study. This is
indicative of possibility of evolution of further
improved types that can replace the available culti-
vars. The non- significant effect of year, location, and
some of their interactions for harvest index, dry
matter, garri weight and a few root traits can be a direct
consequence of the similarity in these traits over the
years and locations, even with the inherent differences
in the environmental indices, particularly moisture.
Cassava being a fairly drought tolerant crop would still
exhibit fairly stable performance where rainfall is not
really limiting. It would appear that studies would still
have to be done to determine the level of moisture
difference that would elicit significant variation in the
performance cassava, particularly with respect to
harvest index and dry matter.

The significant morphological traits for the envi-
ronments (as derived from location, year, and their
interaction) showed ample variation that can be
stimulated from the genotypes. The additional signif-
icant genotypic effect points to indicated genotypic
differences for the traits and the possibility of selection
for adaptation to specific environments. These obser-
vations are consistent with those of Aina et al. (2009)
had observed similar results when 18 genotypes were
evaluated across four locations in Nigeria. This
consistency further prompts the need for further
recombination of genes to select higher performing
cultivars.

The high variability observed among genotypes, as
indicated by the range of their mean performance,

@ Springer
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Table 10 Overall mean of pasting properties of 30 cassava genotypes evaluated over 2 years across three locations (Ibadan, Mokwa,
and Zaria) in Nigeria

Genotypes Peak Trough Breakdown Final viscosity  Setback Peak time Paste temp

2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011

010034 2253 2336 156.1 1662 69.1 67.4 217.5 2305 614 643 5.1 5.0 494 495
010040 2152 2020 160.8 155.7 545 46.3 2333 2223 725 66.6 54 5.6 48.4 482
011086 1948 1925 1408 137.6 54.0 54.9 197.8 1948 570 572 55 5.5 494 491
011663 1759 163.1 151.6 147.6 242 15.5 232.8 2254 812 719 6.6 6.7 484 494
011807 191.1 4393 141.7 385.6 494 53.7 2009 4229 592 373 5.1 3.8 493 575
020105 1934 1830 1228 121.0 705 62.0 173.0 169.8 502 488 5.1 52 48.7 489
020131 1955 211.0 1445 1541 510 56.9 2064 2131 619 59.0 53 53 49.6 488
020431 2557 2037 189.6 170.1 66.1 33.6 2709 2392 814 69.1 55 5.8 49.1 490
020452 151.5 1781 1206 1425 309 35.6 1750 1960 544 535 58 5.8 4877 484
30572 171.0 1563 1292 1246 4138 31.7 1956 1838 664 592 53 5.5 482 484

9102322 210.8 2136 1550 1582 55.8 554 2339 2299 789 717 59 59 477 484
9102324 223.1 2468 1602 196.1 62.9 50.7 2226 2619 624 658 54 53 500 482

91934 177.1 1905 133.6 137.8 435 52.7 1935 198.0 599 602 54 5.4 49.1  48.7
920067 1719 1650 146.0 1494 259 15.6 220.8 2155 748 662 538 59 49.6  48.8
920326 156.0 1500 1147 1148 413 352 169.5 1645 548 49.7 55 5.7 49.5 493
92B00068 218.0 2137 1659 156.8 52.0 56.9 231.3 22311 654 663 54 54 48.8 48.6
930267 187.8 2003 149.8 1595 38.0 408 2230 2143 732 548 55 5.8 49.0 494
950166 2946 3157 189.4 200.0 1052 1157 2627 2751 733 751 53 5.2 49.6 492
950289 200.6 1919 1564 1441 442 478 220.8 2089 644 648 538 5.7 482 484
961672 183.7 182.8 151.2 153.1 325 29.7 216.5 2107 654 576 5.7 5.8 48.8 484
980510 2054 2093 1424 1472 63.1 62.0 2043 2098 619 626 5.7 5.5 484 485
980581 1744 1755 140.1 1459 343 29.6 204.1 2158 640 699 5.6 55 48.3 4838
990240 1939 1484 1348 1214 59.1 27.0 1950 1751 602 538 54 5.8 49.6 489
990554 2047 1981 161.1 151.1 43.6 469 2244 2130 633 619 53 5.4 49.0 490

MH950414 2375 1869 1309 129.1 106.6 579 183.1 188.1 522 59.0 44 5.1 494 490
MM961751 211.5 2155 168.0 171.4 435 44.0 2434 2443 754 729 55 5.4 49.5 495
MM965280 157.0 148.0 1172 1114 398 36.7 169.4 1635 522 521 52 5.2 483  48.6
MM96JW1 1969 198.6 149.6 1442 473 54.4 220.5 2149 709 708 5.7 5.6 48.9  48.8
MM972480 1303 129.3 101.1 98.0 29.2 31.3 143.7 1413 426 433 58 5.8 48.7 485

TMEL1 139.7 1689 116.1 1274 23.6 415 176.7 1855 60.6 58.1 59 5.5 48.5 487
Means 194.8 2004 1447 1541 50.1 46.3 208.7 2150 640 61.0 55 5.5 489 49.1
SE 6.2 10.5 3.8 9.0 3.7 34 52 8.9 1.7 1.7 0.1 0.1 0.1 0.3
Min 130.3 1293 101.1 98.0 23.6 15.5 143.7 1413 426 373 44 3.8 477 482
Max 2946 4393 189.6 3856 106.6 1157 2709 4229 814 7719 6.6 6.7 500 575
CV (%) 322 48.6 25.7 583 242 28.6 24.0 42.2 232 278 94 123 1.6 5.4
Pr.>F 0.7 0.5 0.7 0.6 0.9 0.8 0.7 0.7 0.4 0.7 0.3 0.1 0.2 0.3

LSD (0.05) 1104 166.8 66.3 1544 684 666 894 1558 267 291 09 1.2 1.4 4.5

SE Standard Error, CV Coefficient of Variation, LSD Least significant different

indicates the presence of sufficient genetic variability environments in this study indicates that these envi-
for the traits studied. Indeed, the high variation that ronments differ greatly in environmental conditions
was observed for storage root yield across the different categorized as different agroecological zones that
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have been reflected in each location. In this study the
highest storage root yield at Ibadan (DS), while the
lowest at Zaria (NGS) indicates that in some environ-
mental locations there are more conditions that favor
yield in cassava than in others. The higher storage root
yields recorded at Ibadan and Mokwa were suggestive
of their favorable climatic conditions while the lower
root yield recorded at Zaria reflects the harsh climatic
conditions evident in this location.

The significant interaction between genotype, loca-
tion, and year (environment) (G x Y x L) for most
traits supports the need for multilocational testing to
identify good performers for specific locations. The
significance of the year effects however alludes to the
unpredictability of the Cassava growing seasons in
Nigeria and suggests the need to evaluate for more
than one year for reliable inferences to be made on
performance (Semakula and Dixon 2007) within the
overall focus of the development of stable cultivars in
terms of morphological, yield and yield traits.

Cassava ability to serve as a drought resistant crop
was also demonstrated in this study with root yield as
high as 8.0 t/ha obtained in Zaria, a zone where annual
precipitation is as low as 840 mm, and yet cassava
could still produce an appreciable root yield, justifying
it as a drought tolerant crop. The prolonged dry season
enhances infestation of cassava fields by termites that
eat up both the stems and roots. The termites bore into
the stems and suck the sap content, thereby destroying
the plant, reducing the number of stands at harvest, and
resulting in a decreased final tuber yield. Therefore,
moisture stress as observed by Okogbenin et al.
(1999), was responsible directly or indirectly, for the
decline in storage root yield observed at Zaria.

The high storage root yield obtained in Ibadan,
however, was not indicative that the plants’ maximum
genetic potential had been exhausted. Therefore, it is
possible for the root yield to increase beyond the
values that were obtained because cassava, like other
crops, has the ability to thrive under favorable
conditions when there are no major production
constraints (Howeler and Cadavid, 1990).

The different locations favored the expression of
different traits. However, the Ibadan environment
appeared to have a combination of traits that eventu-
ally translated into higher harvest index and root yield.
The overall higher shoot weight in Mokwa was largely
accounted for by the relatively larger stem girth and
this failed to translate into equally highest root yield.

The Zaria environment with high insolation and
limited moisture favored larger leaf area and stay
green ability but this did not culminate in high root
storage as a lot of the photosynthates were probably
devolved into maintaining the vegetative part of the
plants.

The high LAI, chlorophyll content and stomata
conductance recorded by the varieties presents oppor-
tunity for advantageous selection and plant breeding
efforts for further improvement. The ultimate focus in
cassava production is the root harvest. The conditions
that favor higher yield in Ibadan and the varieties that
expressed the highest yield and related traits require
pointed attention for further study and improvement.
The complex interaction of environment and disease
(CBB, CMD) development has to be concomitantly
incorporated into such efforts. Egesi et al. (2007) had
reported that low yielding cassava genotypes are
related to high scores of the disease whereas high root
yielders are not associated. Ibadan with higher mois-
ture during growth had the least CBB and this may be
due to the ability of the plants to take advantage of the
more conducive growing condition and cope with the
disease unlike the relatively poor growing conditions
in the other locations.

The complex trait correlation obtained among
several traits points to the need to focus more on root
yield (and garri weight). Quite a number of the traits
are correlated inter se and would be inherited
depending on the direction of selection and breeding.
High root yield for instance root size and garri weight
are higher in varieties with lower chlorophyll content
as the latter favors vegetative growth to the detriment
of high tuber yield. Varieties that are susceptible to
CBB and CAD also had reduced yield since leaf
number and photosynthetic area are both affected.

Yield stability

Stable genotypes would promote good yields in both
favorable and unfavorable environments while adapt-
able genotypes would increase economic gains and
promote the improvement of such genotypes in
specific environments. Results in this study showed
that the performances of genotypes with respect to
storage root yield differed across environments, indi-
cating the presence of genotype by environment (g x e)
interaction.

@ Springer



73 Page 16 of 19

Euphytica (2021)217:73

The GGE Biplot analysis enabled visual compar-
ison of the locations and genotypes studied and their
interrelationships. The portioning of GGE Biplot
analysis of the fresh root yield showed that the first
principal component interaction (PC 1) accounted for
55.8% of GGE sum of squares and the second
principal component interaction (PC 2) accounted
for 18.2%, explaining a total of 74% variation. The
presence of GEI was emphasized by different yield
performance among genotypes across the tested
environments. A study by Egesi et al. (2007) on
Cassava varieties in three locations within a relatively
wet region in Nigeria had also separated genotypes
based on location compatibility. The seven rays divide
the Biplot into seven sectors into which all the
environments fall except one and the vertex genotypes
for this sector was G19 (950289), the genotype with
highest yield. No environment fell into sectors with
G9, G6, G29, and G30 as the vertices. These
genotypes according to Yan et al (2000, 2001) are
not the best in term of yield in any of the three
locations in Nigeria.

Choice of genotypes

According to Yan and Tinker (2006), genotype with
highest mean performance in the tested environments
and is also stable is regarded as an ideal genotype and
can also be used as a reference for genotypic
evaluation. A genotype is more desirable if it is
located closer to the ideal or farthest away from the
standard, but lowest yielder compared with other
genotypes. The cosine of the angle between the
vectors of two genotypes also measures their similar-
ity or dissimilarity in response to their interaction with
the environments. In this consideration, G19 (TMS
950289) which fell farthest away from the least
genotype (G30-TMEI) was the ideal genotype with
highest mean performance in the tested environments
and stable compared with the rest of the genotypes. In
addition, G7 (011807), G22 (980581), Gl16
(92B00068), G4 (010040), and G12 (9102322),
located next may be regarded as desirable genotypes.

Mean performance and stability of genotypes
Following the direction of Yan and Raccan (2002),

genotypes should be evaluated based on both mean
performance and stability across environments.

@ Springer

Therefore, the most stable genotypes in terms of fresh
root yield were G19 and G7. Others with stable but had
poor root yield were G16, G3, G26, G14, and G22.
G28,. Additionally, G27. G29, G9, G17 were low
yielding and unstable, but contributed significantly to
the GEIL.

Discriminating ability and representativeness
of test environment

Discriminating power and representativeness view of
the GGE-Biplot could be used to measure the testing
environment (Dehghani et al. 2006). In this study, the
GGE Biplot explained 78.3% of the G + GE data
suggesting that the angles between the vectors of the
environments are good indicators of correlation
among the environments. For instance, the Mokwa
environment in 2010 was strongly correlated with
Zaria in the same year also Mokwa and Ibadan in 2011
were strongly correlated whereas Zaria in 2011 and
Ibadan in 2010 were weakly correlated. The cosine of
the angles between the vectors of Mokwa 2010 and
Zaria 2010, also Mokwa 2011 and Ibadan 2011, were
less than 90 Zaria’s environment in 2011 had the
longest vector and was therefore the most discrimi-
nating and the least representative environment while
the Mokwa and Ibadan locations in 2011 were the
most representative and least discriminating. The
Mokwa environment, which was averagely discrimi-
nating and the most representative, can therefore be
used for genotypes with wide adaptation. The non-
representative environments such as Zaria and Ibadan
are useful for selecting specifically adapted genotypes.
Evaluation of genotypes should be based on both mean
performance and stability across environments (Yan
and Rajcan 2002).

The additive main effect and multiplicative inter-
action (AMMI) model which can effectively handle
the main effect and their interaction and identify
stable and adaptable genotypes was therefore used in
this study. G19 (980289) had the highest mean yield,
followed by G7 (011807), and then G16 (92B00068),
G4 (010040) and G22 (980581) that had mean yields
similar to the grand mean while G30 (TME 1) was the
lowest. In line with Yan and Tinker 2006 findings,
G19 (980289), G7 (011807), G16 (92B00068), G4
(010040), and G22 (980581) were the highest yielding
stable genotypes while G24, G5, and G27 were
equally stable but with poor yield. G8, though high
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yielding, was highly unstable while G29 was both low
yielding and unstable. Dixon and Nukeine (1997) and
Ntawuruhunga et al. (2001) also engaged the use of the
AMMI model. Result showed a high g x e interaction
as a result of wide differences among the environ-
ments used in this study. This was in line with the
findings of Ceccarelli (1996) and Annicchiarico
(2000). The high influence of the environment on root
yield was reflected in the proportion of the total
variation due to environmental effects that exceeded
that of the genotype and the g x e effect. In this study,
five genotypes (950289, 010034, 990554, 011807, and
980581) had negligible interactions with the environ-
ment and have broad adaptation and were considered
highly stable.

Large environmental interactions, however,
resulted in location specificity and narrow adaptation;
and genotype 011807 was specifically adapted to
Zaria. Some genotypes were found to show specific
adaptation to some environments, indicating that these
would perform best in such locations, while others
with high stability across environments (950289)
showed that such varieties could be relied upon to
give economic yields across all environments consid-
ered. The highest root yield of 35.1 t/ha observed at
Ibadan in this study was below the maximum yield
capacity of the crop that ranges between 25 and 45 t/ha
(FAO 1999). Although the highest storage root yield
was obtained in Ibadan, the maximum genetic poten-
tial of the plant in terms of yield has not been realized
as soil analysis results revealed in all the locations.

Peak viscosity indicates the water-binding capacity
of the starch. It is often correlated with the final
product quality and also provides an indication of the
viscous load likely to be encountered during mixing.
The peak time is a measure of the cooking time.
Pasting temperature has been described as the tem-
perature above the gelatinization temperature when
starch granules begin to swell and is characterized by
an increase in viscosity on shearing. The period is
sometimes called trough or hot paste viscosity.
Following this, the rate of starch breakdown depends
on the nature of the material, the temperature, and the
degree of mixing and shear applied to the mixture. The
ability of a mixture to withstand heating and the shear
stress that is usually encountered during processing is
an important factor for many processes, especially
those requiring stable paste and low retrogradation/
senescence. Setback has been correlated with the

texture of various products. High setback is also
associated with syneresis or weeping during freeze/
thaw cycles. Sanni et al. (2004) reported that lower
setback during the cooling of paste from starch or a
starch-based food indicates greater resistance to
retrogradation. Final viscosity has been reported as
the most commonly used parameter to characterize the
ability of starch-based material to form a viscous paste
or gel after cooking and cooling the resistance of the
paste as well to shear force during stirring (Sanni et al.
2004).

From the above, we realized that apart from pasting
temperature, that was preferred at the low temperature
and peak time which are applicable to this study, the
other pasting properties such as peak viscosity, trough,
breakdown, final viscosity, and setback were preferred
at high viscosity especially for household products
such eba and fufu.

Ten out of the thirty clones studied were found to
have higher pasting properties at a low temperature
and peak time that are higher than the old improved
(30572) and the local variety (TMEL) used in this
study. These clones are 950166, 92B00068, 020431,
011807, 9102324, 010040, 950289, 990554, 980510,
and 98058. Two of them-011807 and 950166 —were
found to be the best.

Conclusions and recommendations

Cassava genotypes performed differently across and
within locations for all the trials evaluated, an
indication of wide variability among them for mor-
phological, physiological, and root characteristics.
AMMI analysis was able to identify stable and
adaptable genotypes across the different environ-
ments. Five genotypes—950289, 010034, 990554,
011807, and 980581 were identified as stable across
different environments and combined a high garri
weight. These genotypes could be recommended to
farmers for stable yield potentials across different
locations. The range of values obtained in the pasting
profile of the roots studied is indicative of some level
in genetic variations existing in the clones analyzed.
By implication, some level of improvement could still
be achieved for this trait. The presence of clone x
agro-environment effect. However, necessitates the
need to couple clone x environment interaction into
the efforts to improve clones for this variable. This
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would ensure consistent performance over fairly wide
cultivation zones. Two clones (011807 and 950166)
were found to be the best for pasting properties.
However, further work is needed to ascertain effect of
pasting profile on food quality of these clones. Overall,
selection strategies that consider root size alongside
total root number, harvest index, dry matter, disease
score, as well as wide applications of genotypes for
household food and industrial uses will be an effective
and efficient way to select for high yielding genotypes.
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