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Abstract: Cassava crop improvement is a function of selecting superior genotypes that meets the 

end-users needs and preference. This is done via genotype testing at different environments thereby 

subjecting the materials to the elements of climate and other environmental factors. In pro-vitamin 

a cassava genotypes, dry matter (DM), total carotenoids (TC), and fresh root yield (FYLD) are 

important traits for improving economic status, nutritional health and livelihoods of farmers and 

processors. This study evaluated the effect of rainfall patterns on 42 provitamin A Cassava 

accessions for FYLD, DM, TC at different months (6,9&12 months after planting) and for two seasons 

(2019/2020 and 2020/2021) in Ibadan. The study shows that the relationship between TC and FYLD 

were more variable at second season than in the first season. The relationships between TC & DM 

and FYLD & DM at both seasons showed similar variability. The rainfall pattern shows that higher 

rainfall trend was noticed at the first cropping season (2019/2020) than 2020/2021 cropping seasons. 

At different months categories and across cropping season, rainfall recorded the least value of 

4.58mm at 6 Months After Planting (MAP) which was in the month of December, increased at 9 

MAP (Mar) and all through the 12 MAP (107.05mm). Traits relationship with rainfall shows that 

yield increased with rainfall, DM (25.70%) was highest during the months of least rainfall (4.58mm) 

and decreased (16.40%) as rainfall (52.09mm) starts during the 9 MAP and at 12 MAP, when the 

rainfall was 107mm, the DM was 18.76%. Total carotenoids were highest at 6 MAP with 13.76 µg/g 

when the rainfall was least and decreased (13.04 µg/g) with increased rainfall. During the first 

cropping season, DM and TC were higher with higher rainfall but with reduced fresh root yield 

while at second season, when the rainfall was lower, fresh root yield was higher. 
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1. Introduction 

Cassava is a perennial crop grown for its starchy roots[1] and it is mostly cultivated 

subsistently by rural farmers[2]. It is produced predominantly (99 %) by small-scale 

farmers with 1-5 ha of land intercropped with yams, maize, or legumes in the rainforest 

and savannah agro-ecologies of southern, Central, and lately Northern Nigeria[3]. 

Cassava is regarded as a staple food providing source of calories for about 500million 

of people in the world [4]. It belongs to the kingdom Plantae, family Euphorbiaceae, 

subfamily Crotonodeae, tribe Manihoteae, genus Manihot and species esculenta [5]. Out of 

numerous species that belong to the genus Manihot, cassava is the only species that is 

widely cultivated for food production [6-8]. It is a food security crop and form part of 

major meal of some households [9].  
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Nigeria is the largest producer, but the yield is still low due to other factors such as 

pest, diseases, soil fertility and management practices [10]. It is majorly cultivated by 

millions of people particularly in Africa. The crop cassava is deficient in essential 

micronutrients like carotenoids, a precursor of Vitamin A and the lack of which cause 

night blindness in children, affect fetal development in pregnant women and affect the 

maternal health of lactating women and her offspring.  Vitamin A deficiency (VAD) 

which as a result of diet low in Vitamin A is a preventable tragedy that affects millions of 

people, particularly in sub-Saharan Africa according to World Health Organization [11].  

Production of cassava has a great potential for providing raw material for the food 

needs of ever-increasing population of the world [12]. Latin American countries, 

particularly Brazil and Colombia have made progress in developing and marketing 

cassava snacks food like potato chips as well as frozen, heat and serve cassava product 

[12]. 

Agriculture contributes to climate change as a result of emission of anthropogenic 

greenhouse gases and this has led to the unpredictability of the parameters of the climate 

especially the elements of rainfall. Stresses related to moisture and temperature are the 

resulting effect of climate change [13] which can affect cassava production by 18% without 

climate mitigation or adaptation practices [14].  

Cassava yields varies from seasons to season due to the variability in the trends of 

weather patterns [15]. Water stress affects the physiology of cassava crops. Although, it 

can withstand drought by reducing water loss though the leaf via decreased stomatal 

conductance and this subsequently affects its photosynthetic ability [16].  

Climate change effect as measured by increase in temperature, drought, rise in 

atmospheric CO2 , Ozone affects crop productivity [17]. In Nigeria and Africa, most 

farmers depend on rainfed agriculture. And due to the effect of climate change which 

results in unpredictable weather patterns, farmers' production would always be hinged 

on rainfall for their cultivation as they may not have the capability for irrigation means.  

Root yield has been found to increase with rainfall [15]. However, Low yield in 

cassava production has been ascribed to poor farm management and low soil 

management [18, 19]. Cassava cultivation is subjected to climatic conditions as farmers 

depends solely on rainfall [20, 21] and while environmental effect information on cassava 

yield compared to other crop is limited [22], there exist no much information on the effect 

of rainfall on Carotenoids contents of cassava, farmers thus need to understand how root 

yield and carotenoid contents are affected by climatic parameters such as rainfall. It is 

therefore important to evaluate the impact different seasons and especially rainfall have 

on cassava genotypes in order to understand how the element of climate affect cassava 

production. Hence the objectives of this study was to evaluate the effect of rainfall at 

different seasons on the performance of 42 Pro-Vitamin A cassava accessions in Ibadan in 

terms of yield related and nutritional traits.  

2. Materials and Methods 

The study was conducted at the international institute of tropical agriculture, Ibadan, 

a derived savanna zone with global positioning system of 07.4882490N, 003.9048750E and 

altitude 207m from 2019 to 2020 cropping seasons. Forty-two yellow cassava accessions 

with white checks (TMEB419, TME693and IBA980581) and yellow check (IBA070593) 

were sourced from IITA, Ibadan. The treatments were the 42 accessions arranged in a split 

plot design with two replications and the different harvesting months. The 42 accessions 

were randomized within replicates for the three harvesting periods of 6th, 9th, and 12th 

Months After Planting (MAP) at two cropping seasons. Each plot per accessions was 

4mx2m of two rows containing 10 plants in spacing of 1m x 0.8m. Each block contained 7 
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accessions of 14 rows of 4m length and with area of 56m2. Area per replicate for each 

harvesting periods was 293m2 while total plot per replicate with different harvesting 

periods of 6th, 9th and 12th months was 879m2 while total replicated area was 1758m2. The 

accessions were planted at a spacing of 1x0.8m in 2 replicates in 2019/2020 and 2020/2021 

cropping season. The accessions were evaluated for yield related traits at 6th, 9th, 12th and 

their total carotenoid analysis was done at each of the evaluated month. Data was 

analyzed using the restricted maximum likelihood/best linear unbiased prediction 

(REML/BLUP) procedure, proposed by Piepho et al (2008)[23] using R statistical analysis 

(R version 4.0.3). Data visualizations were carried out using R statistical 

software(2018)[24]. 

3. Results 

The scatterplot of relationship between total carotenoids and fresh root yield shows 

that there was more variability for these traits during the second cropping season than the 

first season. There were more variability among the accessions for fresh root yield and 

carotenoids contents during the second seasons more than in the first season (Figure 1). 

Also, relationship between fresh root yield and dry matter revealed that variability was 

favoured by lesser rainfall in the second cropping season as shown in the study where 

some accessions had higher root yield with higher dry matter at the second season (Figure 

2). Except for relationship between TC and DM which was favoured by higher rainfall, 

higher variability among the accessions were noticed in the first season where there was 

higher rainfall (Figure 3). During the first season (when the rainfall was higher) and at 

6MAP, the variability was low, so also the dry matter while at the second season (when 

the rainfall was lower), During the first season and at 9 MAP, dry matter reduced but with 

larger variability for the accessions while at the second cropping season, the dry matter 

was higher but with low variability among the accessions. During the 12 MAP and at first 

season, the dry matter increased from what it was during the 9MAP and while at the 

second cropping season, the dry matter reduced. The boxplot of dry matter at different 

months after planting shows that first season favoured higher dry matter production 

considering the performance at 6MAP and 12MAP. Dry matter production at 6MAP was 

higher at second seasons where there was less rainfall (Figure 4). Across the cropping 

seasons, during the 6MAP when there was no or little rainfall (5mm), dry matter was 

highest (26%) with lowest fresh root yield (3.63t/ha). At the 9MAP when the rainfall was 

less than 60mm, the dry matter was lowest (16%) and the fresh root yield increased to 

14t/ha. While at 12MAP, when the rainfall was highest(107mm), the fresh root yield was 

highest (20t/ha) with the dry matter (19%) increasing from where it was at 9MAP through 

12MAP (Figure 5). During the first season (2019/2020), rainfall was higher while it was 

lower during the second season (2020/2021) (Figure 6). During the first season which had 

the higher rainfall, dry matter was higher with lower fresh root yield and during the 

second season with the least rainfall, lower dry matter content was recorded by accessions 

and with higher fresh root yield (Figure 7). During the first season when the rainfall was 

highest, accessions had the highest total carotenoid content (TC) and Dry matter (DM) 

while in the second season, the accessions had the lowest TC with lowest Dry matter when 

the rainfall was lowest (Figure 8 and Figure 9). 

The average total carotenoids recorded among the accessions was 13.44µg/g, the 

highest was recorded by accession IBA180058 with 18.40µg/g above the yellow root check 

IBA070593 (10.80 µg/g) while the least was recorded by accession IBA180031 (7.01 µg/g). 

The white check TMEB693 had the highest dry matter content with 30.52% above the 

average value of 20.29% recorded by the accessions while the least (10%) was recorded by 

IBA180031 and another white check, TMEB 419, IBA980581 had 25.99% , 26.18% 
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respectively and the yellow check IBA070593 had 17.31t/ha. The accessions IBA180146 

recorded the highest root yield of 26.33t/ha above the average yield for the accessions 

(12.37t/ha) while the least was recorded by IBA180018 with 5.87t/ha. The fresh root yield 

recorded by the accession IBA180146 (26.33t/ha) was greater than the white checks and 

the yellow checks namely IBA070593(Ychk) (15.55t/ha), IBA980581 (Wchk) (21.42t/ha), 

TMEB693 (Wchk) (13.47t/ha) and TMEB419(Wchk) (9.15t/ha) (Appendix A; Table 1) 

 

Figure 1. Relationship between fresh root yield and total carotenoids of accessions at 

different seasons. 

 

Figure 2. Relationship between fresh root yield and dry matter content of accessions at 

different seasons 
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Figure 3. Relationship between total carotenoids and dry matter content of accessions at 

different seasons 

 

Figure 4. Boxplot of dry matter of accessions at different months categories at two cropping 

seasons 

 

Figure 5. Performance of accessions for FYLD and DM at different months after planting 

and rainfall 
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Figure 6. Rainfall trends at two cropping seasons 

 

Figure 7. Performance of accessions for fresh root yield (FYLD) and dry matter content 

(DM) at different rainfall and cropping seasons 
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Figure 8. Performance of accessions for total carotenoid (TC) and dry matter (DM) at 

different rainfall and at different months after planting 

 

Figure 9. Performance of accessions for TC at different rainfall at different cropping seasons 

4. Discussion 

4.1. Variability among accessions across different months and seasons 

There were more variability among the accessions for fresh root yield and 

carotenoids contents during the second season than in the first season. And the 

relationship between fresh root yield and the dry matter revealed that variability was 

favoured by lesser rainfall as shown in this study where some accessions had higher root 

yield with higher dry matter at the second season. Except for relationship between TC and 

DM which was favoured by higher rainfall, dry matter has also been found to be linked 

with TC [25] and higher variability among the accessions were noticed for these traits in 

the first season where there was higher rainfall.  

4.2. Rainfall effect for performance of total carotenoids among accessions 

The accessions in the study are high in total carotenoid contents and carotenoids have 

been found to reduce with rainfall in this study and fresh root yield reduced with 

carotenoid content however, as a result of variability observed in the second season which 
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had less rainfall compared to the first season, there were accessions with higher TC and 

fresh root yield. Therefore, for pro-vitamin A carotenoids cassava with higher TC, less 

rainfall allows for more variability among the accessions for TC and fresh root yield. 

4.3. Effect of rainfall on Dry matter among accessions 

Dry matter (DM) has been found to be reduced with onset of rainfall [6], at 12 MAP, 

it was higher for accessions at the first seasons when there was higher rainfall than for 

accessions at the second seasons. Dry matter was higher for both seasons at 6 MAP. The 

higher DM at 6MAP at both seasons occurs at a period where rainfall has not begun at 

both seasons. But it was more in the environment with low rainfall. This is to show that 

environment with low rainfall favours dry matter production during the first 6months of 

growth. To further confirm the effect of rainfall on dry matter production, during 9MAP 

for first season (April) when rainfall was just starting, dry matter became low and in the 

second season at 9MAP (March) when there was less or no rainfall, dry matter at this stage 

was higher than in the first season. But during period of general less rainfall, dry matter 

accumulation at 12MAP which typifies period of no rainfall, was reduced. From this 

study, it was observed that, cassava has two period of higher dry matter production( 

6MAP and 12 MAP) although, production at one stage of growth is more than the other 

which is dependent upon the cropping seasons. Another stage where there is higher DM 

is during 12MAP although, dry matter production here is less than production at 6MAP. 

This could be due to environmental factors, genotype and other biotic factors [26]. 

In this study, accessions at 12MAP in the first seasons had higher dry matter 

production than the accessions at the same stage in the second seasons and the reason for 

the low production in the second season could be as a result of less rainfall observed in 

the second seasons. Cassava starts to bulk within first 5-6MAP [16] and this means that at 

earlier stage of cassava bulking, low rainfall is required for dry mater and assimilates 

partitioning into storage roots. During later period before 12MAP, rainfall has fully 

established and assimilates from photosynthesis is needed for both shoot growth and root 

development [6] and although rainfall may have impact on dry matter production and 

partitioning, it is needed to maintain the process of photosynthesis and growth, and this 

could be the reason for the lower DM at 12 MAP compared to 6 MAP when the root is 

bulking. And for second season where there was less or no rainfall, at 12 MAP, the less 

rainfall could have been responsible for the low DM at this stage as a result of less or no 

rainfall to augment the growth maintenance of the shoot and root growth and 

development.  

4.4. Total Carotenoid, Dry Matter and Fresh Root Yield Relationship 

Dry matter content, Fresh storage root yield, Starch, Cassava Mosaic Disease, 

Mealiness, Root number are traits that determines end user acceptability and variety 

adoption [27, 28]. Total carotenoid content in this study was highest at 6map, reduced at 

9map and slightly increased at 12 MAP. Variability may be seen across the months for all 

the accessions. This variability shows that accessions performed above and below the 

average total carotenoid values across the months. The relationship between total 

carotenoid and dry matter shows that there is a linkage between the two. This shows that 

selection is possible for accessions with higher root yield with dry matter and total 

carotenoids as a result of variability among accessions for these traits in the study  

 Total carotenoids (TC) have been reported to prevent some form of cancers and 

other degenerative diseases [29] while dry matter is one of the preferred traits by end 

users, most especially farmers (Tumuhimbise, 2012, Ceballos, [30, 31]. The relationship 

between TC and DM shows that they are linked. Although, the accessions are population 
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of high total carotenoids, it is not surprising that the results shows that the accessions were 

significant for TC and DM. At 6 MAP, as fresh root yield reduced, TC increased and at 

9MAP when root yield increased, TC slightly reduced and at 12MAP when root yield 

increased, TC became stable. This shows there are accessions that is high in root yield with 

higher dry matter and TC among the accessions in the study. 

As reported by Ceballos et al., [31] that there was no association between DM and 

TC, however, dry matter has been found to be linked with TC in this study. There existed 

some accessions with higher DM and TC, although low dry matter has been associated 

with total carotenoids [32, 33]. However, this study shows some accessions had their dry 

matter increases with TC. As reported by Ceballos et al [31] that the negative relationship 

between DM and TC would be a challenge in breeding for total carotenoids as high total 

carotenoids would only be selected with acceptable level of dry matter in cassava breeding 

improvement program. However, as a result of variability among accessions for TC and 

DM observed in this study, where there were cassava ccessions with higher DM and TC,  

the implication of this is that, soon there will be a breakthrough in breeding program for 

high total carotenoids because accessions with high pVAC and high DM could be easily 

selected for further improvement.  

In this study, TC and DM increased at 6MAP, reduced at 9MAP but at 12MAP, DM 

increased, and TC slightly reduced. The stability of TC across the months is as a result of 

the high heritability of the trait. This is to confirm that both TC and DM are linked. The 

dry matter content in cassava is linked with its carotenoids content and research is 

ongoing to break the linkages such as to have accessions with high dry matter and 

appreciable carotenoid content [34] and the result obtained from this study confirmed and 

showed that this is a possible breeding goal. 

The total carotenoid content among the accessions shows that at 12 MAP, accession 

IBA180088 had the highest total carotenoid contents of 18.37µg/g than the yellow check 

IBA070593 with 13.49 µg/g and 10.81 µg/g across the months, while across the month, 

accession IBA180058 had the highest total carotenoid content of 19.42 µg/g. The two 

accessions had total carotenoids content greater than the yellow check.  

The dry matter content revealed that accession TMEB693 had dry matter content of 

26.90% at 12 MAP while across the months, the same accession had the highest dry matter 

content of 30.52%. Both accessions had higher dry matter content than the yellow check 

which had 13.59% at 12 MAP and 10.81% across the months. The dry matter relationship 

with total carotenoid shows that there is increase in dry matter as their total carotenoid 

increases. While there are some accessions that shows increases in their DM as their total 

carotenoid reduced, some accessions shows reduction in their dry matter as their total 

carotenoid increases.  

However, most accessions show linkage relationship between total carotenoid and 

dry matter therefore allowing selection to be made among the accessions for higher root 

yield and higher total carotenoid concurrently. Since most of the cassava accessions shows 

linkage between the two traits, the interesting thing is that the relationship for the studied 

accessions is positive. A single locus for dry matter has been found to be collocated with 

carotenoids. And this is responsible for the strong relationship between the total 

carotenoid contents and dry mater contents. Phenotypic variations expression at these loci 

is accountable for 70 and 37% for root yellowness and dry matter respectively as a result 

of this physical linkage rather than pleiotropy [25].  

Total carotenoids increased with reduction in fresh storage root yield. However, 

some accessions have higher root yield with higher total carotenoid contents. Therefore, 

as a result of this variability among the accessions for root yield and total carotenoids, 

selection can be made for cassava genotypes with higher root yield and total carotenoids. 
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Although, some accessions reduced in DM with increased in their TC content, however, 

some other accessions increased in DM with increased in their TC content. Variation 

seems to exist among all the accessions, and this shows that possible future selection could 

be made for genotypes with higher TC, DM and Fresh root yield on the basis of these 

variability. 

 

4.5. Root yield at different cropping seasons 

The aim of every breeding objective is to increase root yield, early bulking, and 

tolerance to abiotic and abiotic stresses of cassava genotypes [35]. Root yield varies with 

cropping seasons and rainfall favoured higher yield at 12MAP at both seasons. However, 

root yield was higher at period of low rainfall at the second seasons where there was low 

rainfall. Many environmental factors have important role to play as temperature has been 

found to be essential for cassava development and photosynthesis [17]. Temperature 

between 160 C and 180 C has been found to delay leaf formation and consequently hinder 

biomass partitioning to the cassava storage roots [36]. In the study conducted by Okoye 

et al,a [15], it was reported that increase in temperature increased the root yield of pro-

Vitamin A cassava while reduction in temperature was found to reduce the root yield. 

Root yield depends on the trends of climatic parameters [15] and it is highly favoured by 

factors such as sunshine hours, rainfall, and soil conditions [37]. Crops yield depends on 

factors such as climate, soil, and farm management practices [19, 38]. Therefore, the higher 

root yield observable during the second cropping season with less rainfall could be as a 

result of other conditions of growth such as the soil, pest and climatic properties. Where 

climate has been found to be less favourable for cassava production, soil conditions have 

been found to be largely accountable [37] 

Usually, during the first six months after planting, assimilates are partitioned into 

the storage roots [17].This emphasizes the importance of soil moisture in the first six 

months after planting. The impacts of rainfall are measured through soil moisture. And 

the higher root yield when the rainfall was low during the second season shows that even 

with low rainfall, the accessions were effective in partitioning of assimilates into the roots 

and in conserving water through their stomata which in turns helps in their 

photosynthesis capacity. In trying to minimize water loss by plants especially during the 

period of low rainfall where soil water is reduced, stomata conductance is also reduced 

due to stomatal closure which therefore affects nutrients uptake, carbon assimilate and 

transpiration [39] and thus the accessions could be said to be of good yield and effective 

in partitioning assimilate during period of of low rainfall. 

5. Conclusions 

There exist some accessions with higher root yield, dry matter and total carotenoids 

among the populations of accessions studied. Total carotenoids were stabled at different 

month categories of 6, 9 and 12MAP while cropping season with higher rainfall had the 

highest total carotenoids. Root yield of accessions response to rainfall at different seasons 

were highly variable as low rainfall season had higher root yield while cropping seasons 

with higher rainfall had the lower root yield. Also, dry matter was higher when rainfall 

was low, and reduces when rainfall was higher considering the different months after 

planting. This shows that dry matter accumulation is not dependent only on rainfall but 

on other climatic parameters. The cropping season with higher rainfall had the higher dry 

matter while the season with lower rainfall had lower dry matter. Also, Cassava root yield 

of accessions respond differently to rainfall patterns depending on their inherent 

genotypic traits, soil conditions and other factor of climatic conditions.  
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Appendix A 

Table 1. Performance of traits at different months across cropping seasons 

TRAITS TC(µg/g

) 

      DM(%

) 

      FYLD(t/h

a) 

      

Accession_name 6 MAP 

9MA

P 

12MA

P 

mea

n 6MAP 

9MA

P 

12MA

P 

Mea

n 6MAP 

9MA

P 

12MA

P 

Mea

n 

IITA-TMS-IBA180022 13.05 14.13 17.49 14.89 27.83 20.2 24.87 24.3 6.05 11.63 22.1 13.26 

TMEB419(WChk) 1.1 0.95 7.6 3.22 32.15 22.3 23.53 25.99 4.38 7 16.08 9.15 

IITA-TMS-IBA180221 14.2 13.3 12.17 13.22 27.23 17.08 18.65 20.98 2.83 13 23.69 13.17 

IITA-TMS-IBA180148 18.53 17.4 17.66 17.86 20.2 17.58 20.85 19.54 3.55 7.5 28.42 13.16 

IITA-TMS-IBA180047 17.98 15.68 14.12 15.92 28.7 15.48 21.51 21.9 2.08 21.85 14.11 12.68 

IITA-TMS-IBA180064 19.45 18.95 15.75 18.05 32.43 17.53 22.71 24.22 3.45 16.13 14.78 11.45 

IITA-TMS-IBA180081 15.28 16.73 13.99 15.33 30.58 20.75 20.79 24.04 4.48 27.43 34.74 22.21 

IITA-TMS-IBA180037 18.13 16.85 15.6 16.86 29.23 23.88 22.02 25.04 8.25 18.03 18.3 14.86 

IITA-TMS-IBA180124 15.93 14.35 15.35 15.21 33.9 20.18 23.05 25.71 4.63 14.4 18.52 12.51 

IITA-TMS-IBA180071 15.85 12.58 15.57 14.67 26.78 19.55 18.21 21.51 3.85 9.5 30.62 14.66 

IITA-TMS-IBA180106 16.1 13.38 14.76 14.75 30.08 17.6 21.06 22.91 2.8 15.23 23.93 13.98 

IITA-TMS-IBA180271 9.35 9.38 8.83 9.18 19.85 14.55 14.07 16.16 2.2 3.48 10.71 5.46 

IITA-TMS-IBA180090 16.55 17.68 14.85 16.36 27.63 15.58 18.38 20.53 5.23 10.23 12.48 9.31 

IITA-TMS-IBA180084 19.48 22.53 15.73 19.24 32.28 17.4 18.82 22.83 3.2 5.38 13.64 7.4 

TMEB693(WChk) 0.63 0.43 7.51 2.85 40.3 24.35 26.9 30.52 3.53 10.83 26.06 13.47 

IITA-TMS-IBA180031 5.8 8.95 6.28 7.01 10 7.63 12.38 10 0.18 0.53 3.29 1.33 

IITA-TMS-IBA180034 15.88 13.58 14.99 14.81 28.13 18.9 18.1 21.71 2.15 15.08 18.09 11.77 

IITA-TMS-IBA180058 21.38 20.18 16.64 19.4 20.53 18.8 20.47 19.93 4.2 14.8 24.45 14.48 

IITA-TMS-IBA180244 17.23 13.8 9.73 13.59 27.18 20.15 16.8 21.38 6.03 15.93 33.17 18.37 

IITA-TMS-

IBA070593(Ychk) 9.03 9.83 13.59 10.81 33.9 20.5 22.51 25.64 5.08 12.63 28.96 15.55 

IITA-TMS-IBA180259 14.2 15.93 10.36 13.5 22.43 16.63 14.39 17.81 2.98 9.45 5.48 5.97 

IITA-TMS-IBA180173 9.65 10.3 15.24 11.73 17.03 11 22.99 17.01 0.55 1.23 7.02 2.93 

IITA-TMS-IBA180231 9.48 14.08 7.47 10.34 17.48 8.58 12.33 12.79 0.28 17.98 10.98 9.74 

IITA-TMS-IBA180049 13.75 15.88 17.29 15.64 22.55 15.95 19.07 19.19 5.25 20.83 26.17 17.41 

IITA-TMS-IBA180294 12.8 13.55 4.47 10.27 30.78 4.35 7.63 14.25 2.7 10.95 2.85 5.5 

IITA-TMS-IBA180210 18.3 18.85 10.86 16 29.78 17.33 14.88 20.66 5.45 16 38.03 19.83 

IITA-TMS-IBA180146 11.75 13.48 17.05 14.09 22.33 19.18 20.33 20.61 2.28 47.5 29.23 26.33 

IITA-TMS-IBA180088 16.5 14.03 18.37 16.3 31.88 18.23 22.6 24.23 4.8 10.05 20.22 11.69 

IITA-TMS-IBA180070 17.8 16.95 17.07 17.27 21 14.1 22.84 19.31 1.7 22 6.59 10.1 
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