Manual on Standard Operating Procedures (SOP’s) and Critical Control Points for Phenotyping
1. Pests and Disease Evaluation
Outline

Objective of pests and disease evaluation

· To screen for resistance to known pests and diseases

Parameters evaluated and time of evaluation
· disease and pest incidence and severity at specified time intervals as indicated in appendix 2
Descriptors and scoring system

· scale for disease severity and incidence is as indicated in the evaluation chart
Materials needed

· Tablet  or mobile with barcode scanner for data capture, power bank, field wear

Standard Operating Procedures and Critical Control Points

Recommendation

Objectives of Pests and disease evaluation
· To determine the level of resistance/susceptibility to major diseases and pests
Parameters evaluated during data collection

· Disease severity = volume of plants affected compared to the whole plant unit, scored on a scale of 1-5 where 1 =no symptom and 5 = most severe cases
· Disease incidence: = Number of infected plants/plot

                                 

Total number of plants/plot

Time of evaluation (incidence and severity)
· CMD = 1, 3, 6 months after planting (MAP)  

· CBB = 3 and 6 MAP 

· CAD = 6 and 9 MAP 
· CGM = dry season 
Materials needed: 

· Tablet (electronic field book), Power bank, Field coat, hat and boots, and

	s/n
	Standard Operating Procedures
	Critical Control Points

	1
	Generate the layout file on cassavabase using the list of accessions and checks using appropriate layout design
	Ensure that the cassavabase has the accessions and checks required to generate the layout file

	2
	Download the fieldbook and trait file from cassavabase 
 
	Ensure tablet is functioning well.

	3
	Experienced personnel must be in charge of the data collection and properly supervise the evaluation
	A minimum 2 personnel to evaluate a trial per time

	4
	Visual description observed on site during evaluation must be scored as indicated in the disease chart
	Previous scoring should not influence current evaluation, use the visual scale for proper identification of a disease symptom.

	5
	Start evaluation early in the morning hours and late afternoon 
	Avoid evaluating under the hot afternoon

	6
	Off types must be carefully considered during evaluation, but do not pull out suspected off types except on confirmation with senior colleagues.
	Routine rogueing of volunteers, 


	7
	Go for evaluation with a fully charged tablet or mobile
	Keep a charged power bank handy during evaluation

	8
	Ensure field information is captured onto the device before actual time for field data collection
	Re-confirm that all needed information are captured on the tablet

	9
	Evaluator must be familiar with the field design
	Visit field at least a day before evaluation date

	10

	 Data transfer must be done in reasonable time after validation
	check collected data for accuracy and validity

	11
	Evaluators must be very familiar with the scoring system as indicated in the chart 
	details are specified in the pest and disease Chart of IITA (see figure)

	12
	Inspect all plants before apportioning marks for severity
	Take note of border plants during evaluation

	13
	Plot sizes should be noted during evaluation,
do not evaluate plants that are behind the pegs.
	Only trained personnel should do evaluation


Table 3. Standard Operating Procedures and Critical Control Points for disease and pest evaluation
[image: image1.png]s
“T/‘P‘__ %LJ? Cassava Diseases and Pests

Rescarchto Nowrish Africa CGIAR

Cassava Mosaic Disease (CMD), Severity Scale: 1-5

2N

1. Novisible 2. Smalllesions 3. Mosaicpattern 4. Mosaic pattern on 5.  Malformed and

symptoms around points of on most leaves most leaves, leaf twisted leaves,
infections on and leaf distortion and general stunting of the
the leaves distortion reduction in leaf size whole plant

Cassava Bacterial Blight (CBB), Severity Scale: 1-5

2. Smalllesions 3.  Extension and 4.  Extensive leaf 5. Extensive leaf

1. No visible 8 te, te £
symptoms around points of appearance of new wilting and wilting, defoliation
infections on the lesions on leaves and defoliation and dieback

leaves stems. Some leaves wilt. (candlestick)




Figure 2: Cassava disease severity evaluation chart for CMD and CBB
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2. Pre-harvest data collection
Outline

· Objective of pre-harvest data

· Time of evaluation

· Traits of interest in pre-harvest data collection

· Descriptors and scoring system

· Materials needed

· Standard Operating Procedures and Critical Control Points

Objectives of pre-harvest evaluation
· To guide in decision making regarding the use of genotypes

· For the purpose of selection for advancement
Time of evaluation 
Pre-harvest evaluation should be done  at 6MAP, 9MAP and prior to harvesting of a trial (11-12 months)
Traits of interest in pre-harvest data collection

· Plant Type

· Lodging

· Branching Pattern

· Visual Rating
Descriptors and scoring system 

· As indicated in appendix 4

Materials needed: 

· Tablet or mobile device (electronic field book), Power bank, Field wears,
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Figure 4. Forms of plant types in cassava following CBU scoring format

Table 4. Standard Operating Procedure (SOP) and Critical Control Point (CCP) for pre-harvest 

	s/n
	Standard Operating Procedures
	Critical Control Points

	1
	Download the layout file and trait file from cassavabase.
	Ensure that your tablet is in good condition for working by test running before use

	2
	Decide appropriate collecting strategies e.g. whether data will be collected on gross or net plot.
	Ensure that field is properly maintained for ease of data collection and free movement. Do not go for evaluation alone.

	3
	Walk around your field and familiarize yourself with the orientation and plot size.
	Identify off types/volunteers and flag them.

	4
	Scan the barcodes to get plot identifiers on the field while collecting data.
	Ensure barcode labels are visible and scanned

	6
	Regularly use the manual for scoring.
	Include remarks and take photos of the plant where necessary.

	7
	Use the position of the check genotypes as a reference point 
	Do not be bias in scoring.



	8
	For large trials size, always partition into smaller units for ease of data handling.
	Mark such partitioning on the field for ease of identification.

	9
	Export data and send through email at the end of each day activity.
	Keep track of your data in another device (P.C) as back up.

	10
	Submit complete data of the trial (s) evaluated for analysis.
	Submission of data to the analyst should be prompt  and where possible the analyzed result of the pre-harvest data should be ready before harvesting  


3. Harvest data collection
Outline

· Objective of harvest data collection

· Traits of interest in harvest data collection

· Descriptors and scoring system

· Materials needed

· Standard Operating Procedures and Critical Control Points

Objective of harvest data collection

· To generate data at harvest for final decision making on genotype performance

Traits of interest

 List of trait is as presented in appendix 3 
Descriptors and scoring system

As indicated in the appendix 3 
Materials needed
· Tablet or mobile device for data capture, weighing scale, weighing pan, sisal ropes, sample bags, ribbons, markers,  writing materials, cutlass, knife, field wear, 

Table 5. Standard Operating Procedure (SOP) and Critical Control Point (CCP) for harvest data collection

	s/n
	Standard Operating Procedures
	Critical Control Points

	1
	Write protocol for the harvesting activity and obtain approval
	Scientists and Intl trial manager to validate written protocol

	2
	identify the harvesting team and assemble all necessary materials using the checklist
	Ensure all equipment are functioning properly

	3
	Determine the net plot and avoid border plants
	Consult the field records where necessary

	4
	harvest plot by plots to prevent error


	Validate each plot before harvest

	5
	Specify where and when to stop the harvest in each day giving consideration where lab analysis is to be carried out
	Be guided by the quantity of samples the lab can analyze per day

	6
	Use sharp tools to detach the roots after pulling and take all necessary data (characterization) 
	Trained personnel should be involved in weighing and recording

	7
	Pick appropriate and sufficient root samples for dry matter, iCheck and chromameter where applicable 
	Ensure samples are well labeled and avoid mixed up 

	8
	Samples must get to the lab or processing center in time 
	

	9
	Prompt submission of data to the analyst
	

	10
	Upload the data into cassavabase
	


4. Dry Matter content determination
SOP for dry matter (DM) using oven dry and specific gravity methodology

Outline

· Objective of DM determination

· Sampling procedure 

· Methodology for Oven dry and SP methods

· Materials needed

· Standard Operating Procedures and Critical Control Points

· Recommendation

Objectives of DM determination

· To determine the percentage of dry weight 

Sampling procedures
1. Oven dry method: 

· Select about 3-5 medium sized root samples

· Carefully peel the roots removing outer and inner skin (do not scrape flesh)

· Remove dirt from the root and shred

· Weigh 100 or 200 grams into well labelled paper bag and oven dry at a temperature of 700C for 72 hours 

· Take final weight and compute % DM using calculation

· Formula = (final wt/fresh wt) X 100%

2. Specific gravity method:

· Select roots weighing between 4-5kg (medium or large sized root)

· Carefully remove dirt from root skin

· Take the weight of root samples with mettle balance using basket or net and re-suspend the container in water and take weight under water

· Compute DM on specific gravity basis using formula

· Specific gravity (X) =           Wt air                   
                                          
Wt air – wt water

DM content = 158.3 *X – 142.0 (Kawano et al., 1987)

Formula derivation for Starch content (Y):    

      Y = 210.8*X – 213.4 (IITA, NRCRI) Kawano et al., 

      Y= 0.867*X – 2.8082 (IITA)

      Y= 112.1*X – 106.4 (Kawano et al., 1987)

Materials needed 

Tablet or mobile device (electronic field book), Power bank, Mettler balance, paper bag, aluminium cups, knife, Plastic container/net, Table, Electronic scale with barcode facility
Table 6. Standard Operating Procedure (SOP) and Critical Control Point for Dry matter determination (Oven DM and Specific gravity method)

	s/n
	Standard Operating Procedures
	Critical Control Points

	1

	Barcode labeling of all selected samples generating using cassavabase
	Ensure the labels are available

	2

	Correct documentation of selected sample labels
	List of selected sample labels should be given to the concerned technician 

	3


	Roots should be cleaned from sand and the root stalk cut off 

	Ensure samples are relatively clean and that non suitable roots (rotted) and root parts (stalks, fibrous) are not used

	4


	 Stick out sample labels correctly 

	Ensure that all sample labels are confirmed by the person recording 

	5


	Use well-functioning shredding machine and always clean machine after shredding of each sample
	Ensure shredding machine is properly cleaned after shredding each sample to avoid mixtures

	6


	Calibrate scale before use and ensure the unit of measurement is in grams  
	Ensure that the scale properly calibrated and set to measure in grams with “g” displayed

	7

	100/200 grams of shredded sampled should be weighed and dry in the oven. For specific gravity, weigh 4-5kg of sample in air, weigh same sample immersed in water 
	Indicate on the paper envelope and also document in file, where root samples are not up to 100/200g. 

	8

	Proper labeling of samples with trial name, date of harvest, peg number and location of trials
	Dry matter in envelope should be attached with labels to avoid samples mix up. Report cases of sample(s) without label

	9

	Set all samples in the oven at the temperature of 70 0c for 72 hours
	Always check oven temperature at intervals and ensure functionality. 

	10

	Weigh samples in bathes from the oven for ease of traceability  
	Report any missing samples to supervisor immediately after weighing.

	11

	Ensure the sensitive scale is shielded from wind and standardize scale  (zero) before taking the measurement
	Concentrate while working and ensure the scale is always tared and report to supervisor where scale does not return to zero 

	12

	Out station samples should be sent to Ibadan same day but where not possible, air dried samples should be properly packed and sent within latest 24 hours
	Out station samples should be properly packed paper taped at the bottom to avoid samples leakages

	13

	For specific gravity measurement, samples should be hung properly, with samples totally immersed in water 
	Ensure samples is totally suspended (not touching the drum) 


	14

	Change the water if the water is getting turbid sand and dirt will influence the result
	Ensure removal of foreign bodies (sand and dirt) from samples before weighing.  


5. Total carotenoids determination using iCheckTM device
Carotenoids determination using iCheck procedure is partitioned into 3 major key areas:

· Pre field preparation

· field sampling

· Sample preparation and analysis

· Materials needed:
Sampling bags, record book, TC chart,  knives, writing materials, markers, Ribbons, field wears and lab coats, & boot, morters and pestle, Tap water, paper towel, sensitive weighing scale, Hand gloves, whirl paks,  Chopping boards, rust free knife,  reagent vials,  plastic trays, field wears,iCheckTM device, graduated falcon tubes,                                                                  

Table 7. Standard Operating Procedure (SOP) and Critical Control Points (CCP) for Total Carotenoids Quantification using Icheck 

	Standard Operating Procedures
(SOPs)
	Critical Control Points
(CCPs)

	Pre-field preparation

	- Obtain detail of trial to be sampled 
 - Consider labour needs required to effeciently handle the samples and discuss where needful

	Do a check list of materials and all needed items before going to the field
 Check all used sampling bags for old labels  and discard such before taking to the field.

Ensure that all field materials are available before moving to the field , do a proper checklist




	Field sampling


	Have a proper understanding of the field orientation

Select five good roots per clone,. Put selected roots into a sampling  bag and label properly. Record cases of missing stands
Where screening is required for selected samples, consider a benchmark using a TC chart

Where the plot number is not visible,do not guess , 
The checks must be of same age as samples 
Count all selected samples and ensure that samples are complete before leaving the field.

	iCheck team to liase with the harvest team leader
Rotten, diseased or bruised roots should not be selected, where it is not possible to get five roots, take sample on what is available on the field.
Personel must have a good eye for color
All labels should be legible 
Liase with the harvest team leader
Walk through all blocks in all replications to ensure no samples are left




	Sample preparation


	Count to ensure there are no missing samples
	Supervisor to ensure adherence to protocol

	Follow the outlined protocol for iCheck sample preparation as outlined in appendix 5
	


Appendices (Traits description using cassava trait ontology)
Appendix 1.  Trait classification and scoring for cassava morphological traits

	s/n
	Trait
	Time schedule
	Score

	1
	unexpanded leaf color
	1-3MAP
	3= light green

5= dark green

7= purplish green

9= purple

	2
	1st fully expanded leaf color
	1-3MAP
	3=light green

5=dark green

7=green purple

9=purple

	3
	pubescence of young leaves
	1-3MAP
	0=absence

1=presence

	4
	central leaf lobe shape
	1-3MAP
	1 = ovoid 

2 = elliptic-lanceolate 
3 = obovate-lanceolate
4 = oblong-lanceolate 

5 = lanceolate 

6 = straight or linear 

7 = pandurate

8 = linear-piramidal

9 = linear-pandurate

10 = linear-hostatilobalate.

	5
	petiole color
	3-5MAP
	3= light green

5= dark green

7= green-purple

8  red

9= purple

	6
	flowering
	3-6MAP
	0= absence

1 =presence

	7
	Flowering ability
	3-6
	0=none

1=little

2=intermediate

3=many

	8
	anthocyanin distribution on petiole
	6MAP
	0=Absent

1=top part

2=central part

3=totally pigmented

	9
	growth habit of stem
	9MAP
	1= straight,

2= zigzag

	10
	stem color
	9MAP
	1= Silver green

2= light brown/orange

3= dark brown

4=dark green

	11 
	Plant type
	12 MAP
	1= Compact 

2 = Open 

3 = Umbrella 

4 = Cylindrical 


*plant type scoring for CBU: 1=cylindrical, 2=umbrella, 3=compact, 4=open
Appendix 2.   Trait classification and scoring for cassava for diseases, vigor and sprout

	Trait
	Time schedule
	Scoring scale 

and Description 

	 
	 
	 

	Nos. of Sprout
	1MAP
	Count

	Vigor of Sprouted plants
	1MAP
	3, 5 & 7

	 
	 
	3- not vigorous

	 
	 
	5-medium vigor

	 
	 
	7-high vigorous

	 
	 
	 

	CMD1
	1MAP
	1, 2,3,4 & 5 (rating for CMD)

	CMD3
	3MAP
	1, 2,3,4 & 5 (rating for CMD)

	CMD6
	6MAP
	1, 2,3,4 & 5 (rating for CMD)

	 
	 
	 

	CBB3
	3MAP
	1, 2,3,4 & 5 (rating for CBB)

	CBB6
	6MAP
	1, 2,3,4 & 5 (rating for CBB)

	CGM1 & CGM2
	dry 

season (6-9)
	 (Rating: 1-5)

	 
	 
	 

	CAD 9 
	9MAP
	scale 1-5

	VR9 (rating 1-5)
	 9MAP
	scale 1-5

	 
	 
	 

	Stay green 
	dry 

season 
	1 = Normal plant with full canopy, retaining most formed leaves which are green, turgid and photosynthetically active

3 = 30% of the leaves have dropped, less than 50% of the remaining leaves are droopy, partially wilted and practically dry, most of the young leaves have reduced greenness or are yellowing

5 = 50% reduction of the leaf number compared to full canopy; most of the older leaves are droopy, wilted and practically dry; most of the young leaves have reduced greenness or are yellowing.

7 = 80% reduction of the leaf number compared to full canopy; more than 75% of the remaining old leaves are wilted or brown; young leaves have reduced greenness or are yellowing\".

9 = Complete defoliation of the stem with candlestick appearance; dieback is also evident on the stem."


 Harvest data collection

Appendix 3.  Trait classification for data collection at harvest

	s/n
	Trait
	score
	Remark



	1
	Number Harvested 


	count
	Number of plants harvested and counted 

	2
	Root number 


	count
	number of roots harvested and counted 



	3
	Root Weight (Kg)

	weighing
	Fresh weight of harvested tubers 



	4
	Shoot Weight(Kg)
	weighing 
	shoot fresh weight (stem and leaves)



	5
	Root Size 

	visual
	small, medium, or large sized roots

3 = small,  5 = medium, 7 = large



	6
	Root Shape 


	visual
	1 = Conical

2 = Conical-cylindrical

3 = Cylindrical

4 = Fusiform



	7
	outer skin color
	visual
	1= White or cream

2= Yellow

2 = Light Brown 

3 = Dark brown



	8
	inner root skin color
	visual
	1=White or Cream

2 = Yellow

3 = Pink 

4 = Purple 


	9
	pulp color
	visual
	1 = White or cream  

2 = Yellow 

3 = Pink 



	10
	Ease of peel
	visual
	3 = Easy to peel 

5 = moderately difficult 

7 = Difficult to peel

	11
	root neck length
	visual
	0= absence

3 = Short 

5 = Intermediate   
7 = Long

	12
	Number of rotted tubers 


	count
	actual numbers of rotted tubers

	13
	Poundability
	
	0= not poundable

1= slightly 

2= average

3= highly poundable

	14
	Taste
	
	S= sweet

Bl= bland

B= bitter



	15
	color of boiled root 
	
	W= white

Y= Yellow

C= cream


* Ease of peel scoring by CBU follows as: 1=ease of peel, 2=moderately difficult, 3=difficult to peel
Appendix  4.  Trait classification for pre harvest and visual rating

	Description
	Evaluation time
	Scoring scale 

and Description 

	Plant type 
	12MAP
	1= Compact 

2 = Open 

3 = Umbrella 

4 = Cylindrical 

	Lodging 
	12MAP
	1= very little lodging 

2= intermediate lodging which can be in relation the proportion of lodged plants (e.g. 50%), or the degree of lodging (e.g.  most plants are inclined 45degrees from the vertical axis)

3= serious lodging regarding proportion and degree of inclination (most plants are truly lodged)

	Branching
	12MAP
	1 = low branching (<0.5m)

2 = medium branching (>0.5m <= 1m)

3 = high branching (>= 1m)



	visual rating 
	12MAP
	1,2,3,4,5

1= excellent plant architecture, no sign of lodging and is CMD free

2= very good architecture, CMD free,  no lodging and good vigor

3= desirable plant architecture, no visible sign of CMD, no lodge and good vigor

4= undesirable plant architecture, moderate vigor, moderate disease severity and moderate level of lodge

5= poor vigor, undesirable plant architecture, level of 

CMD severity is high (mostly 3 and above) and are lodge


Appendix 5. Laboratory procedure for TC quantification using iCheckTM
	Sample preparation

	Follow the outlined protocol for iCheck sample preparation, 

	

	

	Preparation of homogenous slurry

	Step 1. 5g of the chopped roots is weighed and macerate using mortar and pestle

	Step 2. Add 20ml of distilled water at intervals as the homogenization progresses


	Step 3. Transfer the resultant slurry into calibrated falcon tube and shake the solution

	Step 4. Top the slurry volume in the falcon tube to 25ml, cover properly and shake the bottle to obtain a homogenized solution 

	Measurement

	Step 1. Using a needle and syringe, measure and inject 0.4ml of the slurry into the reagent vial. Ensure that all traces of air is removed from the needle before injecting into the vial



	Step 2. Shake the vial vigorously for 10 seconds



	Step 3. Allow the vial to stand for at least 5 minutes. You will observe separation of the solution into clear layers


	Step 4. Place the vial in the iCheckTM device and take your reading.



	Step 5. Document the reading shown on the iCheckTM device display screen. When handling large samples, it is advisable to run the blanks at intervals


After collecting the data for each trial, they are uploaded to cassavabase after analysis and quality check (data curation)
Figure 3. Cassava disease and pest severity evaluation chart for CAD and CGM
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