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Abstract 
Forty-two (42) genomic selected cassava genotypes were planted, drawn from the germplasm of the 
National Root Crops Research Institute, Umudike (NRCRI), and evaluated in an advanced yield trial 
(AYT). Umudike is located in the rainforest, Otobi is in the derived savanna, and Kano is in the semi-arid 
area. Three replicates of 20 plants per plot with an inter- and intra-plot spacing of 1 x 8m are used in a 
randomised complete block design (RCBD). The goal is to determine the impact of genotype x 
environment on the performance of the cassava genotypes by choosing those that perform well 
throughout the zones for future improvement. Minjibir displayed the lowest total rainfall and relative 
humidity, measuring 536.22 and 63.10, respectively, while Umudike had the highest total rainfall and 
mean relative humidity, measuring 2075.90mm and 88.00, respectively. Otobi followed with a total 
rainfall and mean relative humidity of 82.00. On the other hand, Minjibir recorded the greatest mean 
temperature (40.33) and total solar radiation (106.15), followed by Otobi (78.30 and 35.30), and 
Umudike (50.10 and 29.30) with the lowest values All agronomic characteristics (apart from plant 
architecture) showed extremely high significant differences (p<0.001). Plant vigour, height, cbb, cgm, 
and cmd all displayed very high genotypic significant differences, with mean square values of 2.55, 0.52, 
0.49, 2836.40, and 0.24, respectively, although plant architecture exhibited no significance. Genotype 
x Environment showed significant differences (p<0.001) across the agronomic traits. Genotype x 
Location interactions showed very highly significant difference (p<0.001) with means square of root 
number= 130.57, shoot weight= 49.59, DMC= 27.33, and fry= 120.33; on the other hand, root weight 
was significantly different (p<0.05) with means square of 34.78. Combining a simple correlation analysis 
of the major cassava evaluated across locations revealed that DMC correlated negatively with fry = r-
0.43, plant architecture = r-0.34, plant height = r-0.33, cmd = r-0.09, and cgm = r-0.06, and very 
positively with starch (r=0.99 at p<0.001). Additionally, a substantial association between root number 
and sprout (r0.77) and root weight (r0.87) was found in this study at p<0.001. The following traits 
showed a p<0.01 connection with root number: shoot weight = r0.57, fry = r0.47, and dry = r0.49 (Table 
4). The analysis's result showed a strong link (p<0.001) between dry and fry (r=0.96). At the same time, 
vigor had a negative correlation (p<0.01) with the following variables (plant height = r0.65, shoot weight 
= r0.61) and a negative correlation (p<0.001) with DMC = -0.36 and starch = r-0.36. 
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Introduction 
Millions of people, primarily in Africa, Asia, and 
Latin America, rely on cassava (Manihot esculenta 
Crantz), which is the world's second-most 
important source of starch, behind maize (Ceballos 
et al., 2015). In developing nations, family farming 
has a high correlation with the production of 
cassava (Halsey et al., 2008). Due to its numerous 
uses in the food, pharmaceutical, cosmetic, and 
fabric industries, as well as in the manufacturing of 
paper and biofuels, among other industries, it has 
enormous commercial potential (Oliveira et al., 
2012) (Saengchan et al., 2015). Due to the 
country's economic hardships, hunger, and rising 
market prices for food and other goods, Nigeria 
must assess the cassava produced by 
biotechnology in each of its three agroecological 
zones. This makes this investigation necessary. The 
goal is to determine the impact of genotype x 
environment on the performance of the cassava 
genotypes by choosing those that perform well 
throughout the zones for future improvement. 
Umudike in Abia, Otobi in Benue, and Minjibir 
station in Kano State were the sites of the trial. 
Kano lies in the semi-arid area, Umudike is in the 
rain forest, and Otobi is in the derived savanna. At 
an altitude of 252 meters above sea level, Umudike 
is situated at longitude 6° 44′ East and latitude 5° 
29′ North. Conversely, Otobi is located at longitude 
8° 40' East, latitude 7° 55' North, and an elevation 
of 131 meters above sea level, but Minjibir is 
placed at longitude 8°.39' East, latitude 12° 10.10' 
North, and an elevation of 449 meters above sea 
level.” In three of Nigeria's agro-ecological zones, 
42 genetically diverse cassava genotypes were 
planted, drawn from the germplasm of the 
National Root Crops Research Institute, Umudike 
(NRCRI). Umudike is located in the rain forest, 
Otobi in the derived savanna, and Kano in the semi-
arid area. Three replicates of twenty plants per plot 
with an inter- and intra-plot spacing of 1 x 8m are 
used in a randomized complete block design 
(RCBD). At three, six, and nine months after 
planting (MAP), manual weeding was done. At 
three MAP, fertilizer (NPK 15:15:15) was sprayed at 
the recommended rate of 600 kg/ha.  
 
 
 

Materials and Methods 
Data on the main cassava pests and diseases—
cassava green mitet (CGM), cassava mosaic disease 
(CMD), cassava bacterial blight (CBB), and cassava 
anthracnose disease (CAD) were gathered three, 
six, and nine months after planting.t Fort above-
groundt symptoms,t at severityt scalet of 1t tot 5t 
(Gondwet ett al.,t 2003)t willt bet used:t 1-t not 
foliart symptomt (not yellowt patcht of thet 
leaves);t 2-mildt foliart symptomt (littlet yellowt 
patcht of thet leaves);t 3-t pronouncedt foliart 
chlorotict symptomst (pronouncedt yellowt patcht 
of thet leaves);t 4-t severet foliart chlorotict 
symptomst (pronouncedt yellowt patcht andt 
shrinkingt of fewt leaves);t andt 5-t veryt severet 
foliart symptomst (pronouncedt yellowt patcht 
andt shrinkingt of almostt thet wholet leaves,t 
potentiallyt causingt plantt death).t Agronomict 
characteristicst includet shoott weight,t dryt 
mattert content,t fresht roott yield,t dryt yield,t 
lengtht of rootst pert clone,t plantt heightt (cm),t 
plantt architecture,t vigor,t fresht roott weight,t 
andt heightt att firstt branchingt (cm).t In the year 
after planting, the CET will be harvested.t  
Harvest Index (HI): Harvestable yield to total yield 
is expressed as this ratio.t Harvesting will involve 
uprooting three plants per genotype and 
meticulously removing each plant's harvestable 
roots.t The biomass (stems, branches,t andt 
leaves) above ground and the weight of the roots 
will be measured independently for each 
genotype.t The weight of the roots that could be 
harvested was divided by the total biomass (both 
above and below ground) to calculate HI; 

HI =  
𝑊𝑅

𝑊𝑅+𝑊𝐴𝐵
    … . . 1  

Wheret WRt =t roott weightt andt WABt =t abovet 
groundt biomass 
Following the report of Chavezt et al.t (2005), the 
dry matter content (DMC) and root starch content 
(RSC) will be evaluated using the specific gravity 
methodology (Kawanot et al., 1987).t From each 
genotype's pool of roots, a sample weighing 
between two and five kilograms was taken, and it 
was thoroughly cleaned to remove any dirt or 
other debris.t At springt balancet wast usedt tot 
weight thet samplest int airt (WA)t kgt aftert theyt 
weret placedt int a puncturedt gunnyt bag.t The 
same samples, with the roots submerged in water, 
were weighed in water (WW)t kg. The following 
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formulas were used to estimate the dry matter and 
root starch contents: 

DMC =  
𝑊𝐴

𝑊𝐴−𝑊𝑊
  𝑥 158.3 − 142  … . . 2  

RSC =  
𝑊𝐴

𝑊𝐴−𝑊𝑊
  𝑥 112.1 − 106.4 … . . 3  

Where,t DMC = t Dry matter content,t RSC = t Root 
starch content,t WA = t Weight in air,t WW = t 
Weight in water,t 158.3=t constant,t 142 = t 
constant,t 112.1t constant, and t 106.4 constant. 
Numbert oft rootst (NR): The number oft rootst 
pert plott wast countedt fromt threet plantst oft 
eacht genotypet fromt thet nett plotst andt 
dividedt byt three.t Harvested roots from net plot 
wast counted and averaged, recorded.t  
Plant Height (PH):t The plant height will be 
determined on the stem from the ground level, 
using a measuring stick calibrated in centimeters.t 
The measurements were taken 12 months after 
planting.t  
Plant Height at First Branching (PHFB): Plant 
height at first branching was determined on the 
stem from the ground level to the point where the 
plant first forked using a measuring rule calibrated 
in centimeters. 
Plant Vigor (PV):t The plant vigor was assessed 
visually using a scale of 3, 5t and 7 (3 = not healthy,t 
5=moderatelyt healthy,t 7=healthy) at 6 months 
after planting (Next Generation Cassava Project 
Ontology, 2012). 
Fresh Root Yield (FRY): The fresh root yield was 
determined with root weight in kg divided by the 
number of plants in the net plot multiplied by 10t 
as reported by Chavezt et al (2005). 

FRY =  
𝑅𝑜𝑜𝑡 𝑤𝑒𝑖𝑔ℎ𝑡

𝑁𝑒𝑡 𝑃𝑙𝑜𝑡
  𝑥 10  … . . 4  

DRY: The Dry root yield (DRY) was determined with 
the fresh root yield (FRY) multiplied by dry matter 
(DMC) content divided by 100t as reported by 
Chavezt et al (2005). 

DRY =  
𝐹𝑅𝑌 𝑥 𝐷𝑀𝐶

100
    … . . 5  

Data Analysis 
Using the lme4 package that implemented the Rt 
program, the gathered were subjected to analysis 
of variance (Batest et al., 2015).t Thet Rt analyticalt 
packaget (Arnhold,t 2013)t fort Rt softwaret (Rt 
Coret Developmentt Team)t wast usedt tot 
analyzet correlationst fort thet statistict modelt 
Yij=μ+τi+βj+Eij,t wheret μt standst fort generalt 
mean,t τit fort treatmentt effect,t βjt fort blockt 
effect,t andt eijt fort residualt effect.t Using Rt 

analyticalt program,t thet genetict byt 
environmentt willt bet ascertained. 
 
Results and Discussion 
Total rainfall and solar radiation, mean 
temperature, and average relative humidity in 
2019 during the period of this work across 
locations 
Thet environmentalt conditionst oft thet threet 
agroecologicalt zonest wheret thist experimentt 
wast conducted varied significantly.t Minjibirt 
displayedt thet lowestt totalt rainfallt andt 
relativet humidity,t measuringt 536.22t andt 
63.10,t respectively,t whilet Umudiket hadt thet 
highestt totalt rainfallt andt meant relativet 
humidity,t measuring 2075.90mmt andt 88.00,t 
respectively.t Otobit followed with at total rainfall 
andt meant relativet humidityt oft 82.00.t Ont thet 
othert hand,t Minjibirt recordedt thet greatestt 
meant temperaturet (40.33)t andt totalt solart 
radiationt (106.15),t followedt byt Otobit (78.30t 
andt 35.30),t andt Umudiket (50.10t andt 29.30)t 
witht thet lowestt valuest (Tablet 1).t Umudiket ist 
locatedt int at raint forest,t Otobit int at derivedt 
savanna,t andt Minjibirt int semi-aridt regions,t 
accordingt tot thet differencest thatt weret 
noticed.t Allt agronomict characteristicst (apartt 
fromt plantt architecture)t showedt extremelyt 
hight significantt differencest (p<0.001)t (Tablet 
2).t Plantt vigour,t height,t cbb,t cgm,t andt cmdt 
allt displayedt veryt hight genotypict significantt 
differences,t witht meant squaret valuest oft 2.55,t 
0.52,t 0.49,t 2836.40,t andt 0.24,t respectively,t 
althought plantt architecturet exhibitedt not 
significance.t Thet findingst oft thist analysist 
suggestedt thatt differencest existedt amongt thet 
locationst fort thet chosent genotypes.t Oft thet 
agronomict traitst tested,t locationst showedt 
veryt hight significantt differencest (p<0.001),t 
witht thet exceptiont oft plantt architecture,t 
whicht showedt significantt differencest (p<0.01)t 
witht meant squaret valuest oft cbbt =t 27.13,t 
cgmt =t 43.79,t cmdt =t 4.37,t plantt heightt =t 
11750.10,t plantt vigourt =t 64.19,t andt plantt 
architecturet =t 2.54t (Tablet 2).t Thist findingt 
indicatedt thatt thet sitest wheret thet studiest 
weret conductedt variedt (Tablet 1).t Thet resultst 
demonstratedt thatt botht genet andt 
environmentt contributedt tot thet phenotypict 
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performancet oft thet examinedt cassavat 
genotypes.t Genotypet xt environmentt showedt 
veryt hight significantt differencest (p<0.001)t 
acrosst thet agronomict traits.t  
 
Table 3 showed the combination of analysis of 
variance on yield and yield-related traits of 42 
cassava genotypes across locations.t Resultst 
showedt thatt theret weret veryt highlyt 
significantt differencet (p<0.001) fort yieldt andt 
yieldt relatedt traitst (Tablet 3).t Genotypest 
showedt hight variabilityt ont thet followingt 
traitst att p<0.001t witht meant squaret values,t 
roott number=t 335.22,t roott weight=t 76.45,t 
shoott weight=72.21,t dryt mattert content=t 
29.59t andt harvestt index=t 0.045t whilet fresht 
roott yieldt weret significantt att p<0.01t witht 
meant squaret valuet oft 156.80t andt dryt roott 
yieldt showedt not significantt differentt (Tablet 
3).t Thist resultt showedt thatt thet performancet 
of evaluatedt genotypest ont yieldt andt yieldt 
relatedt traitst acrosst locationst weret duet tot 
variationst amongt thet genotypes,t int thet samet 
trendt locationst showedt veryt highlyt significantt 
differencet ont meant squaret valuest P<0.001t 
ont thet traitst evaluatedt apartt fromt dryt yieldt 
witht not significantt differencet (Tablet 3).t Thist 
impliest thatt locationst contributedt tot thet 
performancet thet genotypest acrosst thet 
locations.t Genotypet xt Locationt interactionst 
showedt veryt highlyt significantt differencet 
(p<0.001)t witht meanst squaret of roott number=t 
130.57,t shoott weight=t 49.59,t DMC=t 27.33t 
andt fry=t 120.33,t int thet othert handt roott 
weightt weret significantlyt differencet (p<0.05)t 
witht meanst squaret oft 34.78t (Tablet 3).t Thist 
indicatedt thatt thet performancet of roott 
number,t shoott weight,t DMCt andt Fryt weret 
influencedt byt botht genotypest andt locations. 
 
Combiningt at simplet correlationt analysist oft 
thet majort cassavat evaluatedt acrosst locationst 
revealedt thatt DMCt correlatedt negativelyt witht 
fryt =t r-0.43,t plantt architecturet =t rt -0.34,t 
plantt heightt =t r-0.33,t cmdt =t r-0.09,t andt cgmt 
=t r-0.06t andt veryt positivelyt witht starcht 
(r=0.99t att p<0.001)t (Tablet 4).t Additionally,t at 
substantialt associationt betweent roott numbert 
andt sproutt (r0.77)t andt roott weightt (r0.87)t 

wast foundt int thist studyt att p<0.001.t Thet 
followingt traitst showedt at p<0.01t connectiont 
witht roott number:t shoott weightt =t r0.57,t fryt 
=t r0.47,t andt dryt =t r0.49t (Tablet 4).t Accordingt 
tot Tablet 4,t thet analysis'st resultt showedt at 
strongt linkt (p<0.001)t betweent dryt andt fryt 
(r=0.96),t whilet vigort hadt at negativet 
correlationt (p<0.01)t witht thet followingt 
variablest (plantt heightt =t r0.65,t shoott weightt 
=t r0.61)t andt at negativet correlationt (p<0.001)t 
witht DMCt =t -0.36t andt starcht =t r-0.36).t These 
findings suggested that higher root dry matter 
content corresponds with higher starch content, 
which in turnt suggestst highert shoott weight, dry 
matter content, and fry and dryness.t They also 
demonstrated that the gene regulating root 
number contributes to these increases, meaning 
that higher root number corresponds to higher fry 
and dryness.t Accordingt tot thist conclusion,t 
theret wast at negativet linkt betweent vigort andt 
DMCt andt starch,t meaningt thatt whent at plantt 
growst moret vigorously,t itt usest upt moret 
starcht andt DMC.t Thet discoveredt negativet linkt 
betweent thet DMCt andt fryt suggestedt thatt 
genotypest witht lowt DMCt shouldt bet chosent 
int ordert tot facilitatet progress,t rathert thant 
solelyt focusingt ont fry.t  
 
Conclusion 
One of the greatest methods for cassava breeders 
to ease cassava breeding is the breeding pipeline; 
this biotechnological instrument, genomic 
selection, is used to choose the genotypes of 
NRCRI.t The results showed that there were ten 
genotypes that fared well in all areas, indicating 
that cassava could be produced in the same semi-
arid region of Nigeria.t This would significantly 
lessen the country's hunger and food scarcity.t Int 
order to choose cassava whose performance is 
highly genetic and minimally influenced by the 
environment, the plant breeders should use 
biotechnological tools.t This will help drastically 
reduce hunger in Nigeria.t  
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Table 1: Total rainfall and solar radiation, mean temperature, and average relative humidity in 2019 
during the period of this work across locations 

Environments Totalt Rainfallt 
(mm) 

Mean Temperature 
(0C) 

Total Solar Radiation 
(MJ/m2) 

Mean Relative 
Humidity (%) 

Umudike 2075.90 29.30 50.10 88.00 
Otobi 1114.97 35.30 78.30 82.00 
Minjibri 536.22 40.33 106.15 63.10 

 
Table 2:t: Combined analysis of the variance of agronomical traits of 42 cassava genotypes across 
locations 

Source Df cbb cgm cmd plt_ht vigour arch 

Rep 1 0.26 0.28 0.09 6.70 0.261 1.21 
Genot (G) 40 0.24*** 0.52*** 0.49*** 2836.40*** 2.55*** 0.56na 
Loct (L) 2 27.13*** 43.79*** 4.37*** 11750.10*** 64.19*** 2.54** 
GxL 60 0.14*** 0.39*** 0.11*** 720.10*** 1.91*** 1.27*** 
Error 77 0.13 0.21 0.049 679.90 1.22 0.61 

 
Tablet 3: Combined analysis of variance on yield and yield-related traits of 42 cassava genotypes across 
locations 

Source Df Rt_no Rt_wt Sht_wt Dmc Dry Fry Hi 

Rep 1 27.76 0.56 22.64 27.85 0.32 78.80 0.013 
Genot (G) 40 335.22*** 76.45*** 72.21*** 29.59*** 13.36na 156.80** 0.045*** 
Loct (L) 2 317.53** 128.81*** 204.51*** 2194.50*** 9.55na 810.14*** 0.067*** 
GxL 60 130.57*** 34.78* 49.28*** 27.33*** 11.82na 120.33*** 0.016na 
Error 77 74.02 23.54 23.20 8.27 10.01 92.42 0.012 
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Tablet 4:t: Combined correlation analysis of 42 cassavat genotypest evaluatedt acrosst locations

 
 


