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INTRODUCTION 

 

Occupational Curriculum:  Grain Depot Manager 

The Grain Depot Manager achieves operational efficiencies by monitoring, controlling and 

responding to operational variables, the utilisation of resources and the mechanical integrity 

of a bulk grain handling and storage unit. 

 

Occupational tasks: 

• Conduct grain and oilseed sampling and grading processes (NQF 4) 

• Manage and control the achievement of operational targets (NQF 5) 

• Lead and manage staff to ensure smooth business operations (NQF 5) 

• Manage and control the utilization of operational resources (NQF 5) 

• Achieve grain handling and storage efficiency and quality standards by controlling 

unit operations (NQF 5) 

PURPOSE OF THE QUALIFICATION 

The core competencies of grain operations have been defined as the basic understanding 

and practical application of the management of grain quality and grain handling equipment as 

well as the management of operational technology, facility operations and human resources.  

ENTRY REQUIREMENTS 

Grade 12 

Methodology 

   Knowledge Modules facilitated in classroom with a knowledge assessment. 

  Practical Activities in simulated environment with observation sheets 

Prescribed workplace activities in a real work environment with logbook 
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MODULE 1:  GRAIN QUALITY 

SPECIFICATIONS  

(KM04-KT01) 

 

Learning outcomes 

• Demonstrate an understanding of product quality concepts and standards 

• Demonstrate an understanding of grain handling standards and processes 

 

Introduction 

Stored agricultural products are very valuable and highly perishable.  The object of sound 

storage practices is to ensure that the product’s conditions will preserve the marketing – and 

processing qualities of such product as best as possible.  No business can survive if no value 

is added to the products in which it is trading.  Any causal factor that can lead to downgrading 

must be identified and proactive action is needed to eliminate and/or minimize such losses. 

 

It is therefore important that the deport manager must consider all the following aspects when 

controlling stock and ensuring a quality product: 

• Crops planted (product type, colour, grade and class) 

• Harvest estimates 

• Potential tons yield per hectare (climatic conditions) 

• Type of product to be delivered 

• When delivery is to take place (irrigation planting, early and late plantings) 

• Dispatching program 
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Grain Quality Specifications 

The Agricultural Product Standards Act, 1990 (Act no. 119) specify standards for the export 

and consumption of different grain products.  The Act is administered by the Department of 

Agriculture, Forestry and Fisheries (DAFF) and implemented by agents such as PPECB 

(Perishable Products Export Control Board). 

 

Types, classes and grades of Grain 

 

 

 

 

 

Standards for grades 

A consignment of sunflower seed must comply with the following requirements: 

1.  Be free from the following: 

• Khaki-bush, musty, sour or undesired odour 

• Glass, metal, coal or animal manure 

• Live insects no matter whether they appear in, on or between sunflower seeds or 

in or on containers 

• Castor oil seeds or more poisonous seeds than permitted in terms of the 

Foodstuffs, Cosmetics and Disinfectants Act, 1972. 

2. Contain no chemical residues higher than the prescribed MRL; except where the 

MRL of the country exported to is higher or lower. 

3. Moisture level of not more than 10 percent. 

 

GradeClassType

Sunflower  
seeds

FH 1

FS 1
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Standards for classes 

White Maize 

A consignment for white maize must comply with the following requirements: 

• The standards for one of the four grades of white maize 

• Within permissible variances for different grades 

• Kernel (endosperm) of maize is white 

 

Yellow Maize 

A consignment of yellow maize must comply with the following requirements: 

• The standards for one of the four grades of yellow maize 

• Within permissible variances for different grades 

• Kernel (endosperm) of maize is yellow 

Standards for grades 

A consignment of both classes of maize must: 

1.  Contain none of the following: 

• Glass, metal, coal or animal manure; 

• Anything that makes maize unfit for human or animal consumption; 

• Not more poisonous seeds as allowed in terms of the Food, Cosmetics and 

Pesticides Act (No 54 of 1972); that is Argemone Mexicana, Convolvulus 

spp, Ipomoea purpurea, Lolium temulentum, Xanthium spp (all 7 seeds per 

GradeClassType

Maize

White (W) 
(GMO)

WM 1

WM 2

WM 3

Class 
Other

Yellow (Y) 
(GMO)

YM 1

YM 2

YM 3

Class 
Other
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kg); and Crotalaria spp, Datura spp or Ricinus communis (all only 1 seed per 

kg) 

• Live insects in maize, on bags or on containers (insect-contaminated maize 

can be fumigated or inspected again) 

• No stones bigger than 6,35 mm (remove with round hole sieve) and also no 

more than one gram stones (smaller than 6,35 mm) per 10 kg. 

2. Not exceed the maximum percentage of permissible variances of every grade 

3. Be free of mouldy, sour or any other undesired odour. 

4. Contain no chemical residue that exceeds the Maximum Residue Level (MRL), 

except where the MRL of the country exported to is higher or lower. 

5. Moisture content of maize may not be higher than 14 percent. 

 

 

 

 

Standards for classes 

A consignment of sorghum has the following requirements: 

GM Sorghum 

• Comply with the standards for the grades of GM sorghum 

• Consists of malt sorghum without dark testa 

• Is a GM cultivar as determined in the cultivar list 

 

 

GradeClassType

Sorghum

GM

GM 1

GM 2

GM 3GL

GL 1

GL 2

GH

GH 1

GH 2
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GL Sorghum 

• Comply with the standards for the grades of GL sorghum 

• Consists of malt sorghum without dark testa 

• Is a GL cultivar, but cannot be classified as a GM grade 

• Is a GL cultivar as determined in the cultivar list 

 

GH Sorghum 

• Comply with the standards for the grades of GH sorghum as listed 

• Consists of malt sorghum with a dark testa 

• Is a GH cultivar as determined in the cultivar list 

 

 

Standards for grades 

Consignments of all grades of sorghum must: 

1.  Contain none of the following: 

• Anything that makes sorghum unfit for human or animal consumption 

• Live insects inside or around sorghum or containers (insect-contaminated 

sorghum can be fumigated and inspected again) 

• Black discoloration due to smut without 10 or more smut balls or portions 

thereof per 100 gram sorghum 

• No more poisonous seeds per kg than prescribed by the Act 54 of 1972 

2. Free of mouldy, sour or undesired smells. 

3. Moisture content must not be more than 14 percent. 

4. Contain no chemical residue that exceeds the MRL, except where the MRL of the 

country exported to is higher or lower. 

5. Not exceed the maximum percentage of permissible variances of each grade. 

6. The presence of purple stains on the outside covering must not be taken into 

account. 
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Standards for classes 

A consignment of soya beans must comply with the following requirements: 

• The standard for the grades of Class SB 

• Consists of any cultivar of soya beans 

 

Standards for grades 

A consignment of soya beans must: 

1.  Not contain any of the following: 

• Glass, metal, coal or animal manure 

• Not more poisonous seeds as permitted in terms of the Food, Cosmetics and 

Pesticides Act (No 54 of 1972) 

• Live insects in soya beans, on bags or containers (contaminated soya beans 

can be fumigated and inspected again) 

• Anything that makes soya beans unfit for consumption by humans or animals 

2. Be free of mouldy, sour, khaki-bush or other undesired smells 

3. Contain no chemical residue that exceeds the prescribed MRL, except where the 

MRL of the country exported to is higher or lower. 

4. Moisture content of soya beans my not be higher than 13 percent. 

5. Not exceed the maximum percentage of permissible variance of the grade. 

 

 

GradeClassType

Soya 
Beans

SB SB 1
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Standards for classes 

A consignment of wheat must comply with the following requirements: 

Standards for all classes of wheat: 

• Be free from any poisonous substance, chemical, or other substances that could 

make wheat unfit for humans or animals 

• Not contain more poisonous seeds than what is allowed in terms of the Food, 

Cosmetics and Pesticides Act (No 54 of 1972) 

• Be free from smells, taste or colour that are not typical of undamaged wheat 

• Be free from other grain that is mould infested, sour or rancid, as well as foreign and 

other items 

• Contain no chemical residues that exceed the prescribed MRL, expect where the 

MRL of the country exported to is higher or lower 

• Does not contain more than 10 micrograms per kilogram aflatoxin of which may not 

be more than 5 micrograms per kilogram aflatoxin B1, except where the maximum 

aflatoxin levels could be lower of the country exported to 

• Be free of live insects in, on or around wheat, in bags with wheat, or containers. 

• Insect-contaminated wheat can be fumigated and inspected again 

• Be free from “stinking smut infection” 

• May not have a moisture content of more than 13 percent. 

 

Standards for bread wheat 

• Exist of at least 95 percent (m/m) of one or more of the cultivars of bread wheat as 

specified in the cultivar list 

• Comply with the standards for Grades 1,2,3,4 or Utility grade. 

 

 

 

 

GradeClassType

Wheat
Bread 
Wheat

1

2

3

4

Utility 
grade
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Standards for grades 

The requirements for wheat consignments are: 

1.  Graded as Grade 1, Grade 2, Grade 3, Grade 4 or Utility grade if the nature of the 

variances in the consignment do not exceed the percentage as specified against the 

specified percentage in the specified table. 

2. The minimum hectoliter mass is: 

• Grade 1 to Utility grade:  77 kg, 76 kg, 74 kg and 70 kg, respectively 

3. The minimum falling number of not less than 250 seconds for: 

• Grades 1,2 and 3 (Grade 4 and Utility grade are a minimum of 200 and 150 

seconds respectively).  Still acceptable if not more than 30 seconds lower 

(that is, 220 seconds). 

4. Requirements for minimum protein content: 

• Grades 1,2,3,4 and Utility Grade, should respectively have a minimum 

protein content of 12, 11, 10, 9 and 8 percent. 

 

 

 

Standards for grades 

A consignment of Canola must comply with the following requirements: 

1.  Be free of the following: 

• Musty, sour, khaki-bush, or other undesired odour 

• Any substance that renders it unsuitable for human or animal consumption 

• Glass, metal, coal or animal manure 

• Live insects and snails 

2. Contain no more poisonous seeds or ergot sclerotia than permitted in terms of the 

Foodstuffs, Cosmetics and Disinfectants Act, No 54 of 1972. 

3. Have a moisture content of not more than 8 percent. 

 

 

GradeClassType

Canola C
1

2
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Standards for grades 

A consignment of barley must comply with the following requirements: 

1. Be free of the following: 

• Musty, extreme mould infected, sour and rancid foreign matter 

• Any undesired odour, taste or colour not typical of non-damaged and sound 

barley 

• Any animal rests; dead rodents or birds and dung 

• Live insects 

• Smut infection 

• Toxin, chemical or other substances making it unsuitable for human and 

animal consumption 

2. May not exceed permissible deviations of aflatoxin or more poisonous seeds 

permitted of the MRL’s prescribed for agricultural remedies in terms of the Foodstuffs, 

Cosmetics and Disinfectants Act No 54 of 1972. 

3. Have a moisture content not exceeding 13 percent. 

 

 

Standards for grades 

A consignment of groundnuts must comply with the following requirements: 

1. Be free of the following: 

• Musty, sour or any other undesirable odour 

• Live insects 

• A substance which renders it unfit for human or animal consumption 

GradeClassType

Barley M M1-V1

GradeClassType

Groundnuts A-E 14
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• Chemical residues that exceed the prescribed MRL’s. 

2. Free from seeds of Ricinus communis and not contain more poisonous seeds as well 

as total aflatoxin and aflatoxin B1, as prescribed by the Foodstuffs, Cosmetics and 

Disinfectants Act, No 54 of 1972. 

3. Have a moisture content of not more than 7 percent. 
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MODULE 2:  QUALITY 

MANAGEMENT CONCEPTS  

(KM04-KT02) 

 

Learning outcomes 

• Demonstrate an understanding of the concepts of product contamination and 

deterioration 

• Demonstrate an understanding of the legislation and the regulations in respect of 

Food Hygiene and Food Safety Standards 

• Explain stock management principles and practices 

• Demonstrate a basic understanding of pest control principles and concepts (including 

Primary and secondary grain pests, Principles of pest management, Pest harborage 

and infestation signs, Pest monitoring techniques) 

 

 

Stock Control and Quality Assurance 

Intake Disciplines 

• Reception 

During intake of crops, sampling remains the most important factor to determine the 

grade of the product.  Most mistakes are made during the intake process and 

therefore accuracy is of utmost importance. 

The sampler’s workplace must be cleaned properly, and he must ensure that the 

sampling device is in a good working order.  If the device is defective it will affect the 
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quality of the grading of the consignment.  If the sampler’s workplace is not cleaned 

properly, it may lead to cross contamination. 

The person who takes the sample will receive a grain delivery instruction from the 

driver.  The grain delivery instruction must include the producer’s details and must be 

signed by the producer.  The producer must explicitly state on the grain delivery 

instruction what will happen to the product.  The grain delivery instruction will be 

entered onto the depot’s system. 

 

• Sampling 

Samples must be taken in the prescribed manner as defined in the applicable 

Government Gazette.  The samples are prepared and graded according to the crop 

requirements.  The grading information is recorded according to the workplace 

requirements documents.  Sampling is an exhaustive work and samplers may get 

tired and then scoop up the samples as opposed to pushing the device down to the 

bottom of the consignment.  Therefor sufficient supervision must be present during 

the sampling process to ensure that samples are accurate. 

 

• Determination of mass 

When determining the mass of a consignment it is important to ensure that the entire 

truck fits on the scale and that it does not touch the edges next to the scale. All 

persons must climb out of the truck before the gross mass is determined. The gross 

mass is indicated on the documentation.  The driver is asked to offload the product in 

a particular intake hopper.  To avoid mistakes, the intake hopper number must be 

indicated on the grain delivery order form. 

 

• Offloading the Consignment 

The truck discharges the product into the prescribed intake hopper.  The 

Grader/Depot manager’s findings will determine whether the cargo must be screened 

or dried.  The truck is weighed again to determine the tare of the truck.  The net 

weight (gross minus tare and net mass) is indicated on the grain receipt document.  

During offloading the product must be checked to ensure that what appears on the 

document, is offloaded. 

 

Hygiene at a storage depot 

In order to ensure that grain products are safely stored, it is essential that the following 

hygiene factors must be checked regularly: 

• Weeds must be removed from the premises on a regular basis 

• Drainage systems around the building needs to be cleaned 

• Loose product must be removed 

• Sidings and loading areas must be kept clean 
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• Waste containers must be emptied weekly 

• Silo bins, stacks, dams, bunkers and silo bags must be neatly stacked and labeled 

• Remove birds’ nests regularly 

• Dust extraction points/pipes often clog and are a source of contamination throughout 

the facility.  The regular cleaning of the pipes and cyclone is therefore extremely 

important. 

• Grading equipment must be cleaned properly after the season has ended. 

• Cleaning machines is the first part of the product handling function and should be 

cleaned regularly. 

• Intake hoppers/discharge hoppers is one of the largest sources of infestation and 

should thus be cleaned on a daily basis. 

• Mass meters should be inspected and cleaned on a regular basis. 

 

Quality monitoring inspections should be done weekly. Inspect each silo bin at the top inlet 

cover for insects and condensation. Pay particular attention to any musty and/or sour smells 

at the top of the silo bin.  Determine the temperature at the top of the silo bin.  Look in the 

tunnel for traces of insects on the conveyor belt before the belt is started.  Sift each outlet 

valve and look for insects.  The workhouse, dryer, dust extraction apparatus and offload 

hoppers are often overlooked during the inspection.  Record findings of the entire silo 

complex and not only the infestation that occurs in the silo bin. 

 

 

Stock Control 

The control of stock at the grain depot is important for the following reasons: 

• The monetary worth of stock 

• To maintain the specifications and quality of grain according to legal regulations and 

as required by the owner and millers that will buy the grain 

• Increase income and decrease losses 

• Protect the name and reputation of the business 

• Keep insurance premiums as low as possible by limiting claims 

• Storage space in silos and sheds can be used more effectively 

• Harvest estimates and planning by producers are more accurate 

• The financial assets of a silo complex can be reported accurately in financial 

statements 

• Legal requirements 

 

Both the quantity of different types and grades of grain must be controlled as well as the 

quality thereof. 
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The quantity of grain will change each time grain is received or out-loaded.  At times these 

quantities will be verified by stock taking. The quality of grain must receive continuous 

attention because it could be affected at any stage if it becomes dirty, wet or contaminated.  

The control of the quality of grain therefor includes all the procedures to ensure it, including 

intake, cleaning, drying, fumigation, as well as cleaning and repair of bins and storage 

hygiene. 

 

In order to be effective, a system of stock control should comprise the following components: 

• The unique positioning of every bin or storage space as identified with a number or 

code 

• Comprehensive details of grain in every bin (grade, moisture, foreign objects and 

HLM) 

• Information must be updated comprehensively and accurately by means of 

instruments (weigh bridges scales, sampling, moisture testers, measuring equipment, 

forms, records and computers.) 

• Quality requirements must be complete, accurate and applied timeously and 

necessary corrections made. 

• Stock taking must be done regularly and if necessary, the stock volumes must be 

corrected. 

 

The stock on hand is kept on record on the silo computer system and is compared with the 

physical stock measured with a measuring tape, laser (ultrasonic instrument) and a torch.  

Differences are investigated and resolved.  Old stock must possibly be written off.  Stock 

taking is done at regular intervals (weekly, monthly) and at the end of the financial year. 

 

Precautionary measures that must be taken with stock taking: 

• Persons work together in a team 

• Always measure from the same place 

• Determine the hectoliter mass (HLM) in each bin 

• Verify with measuring tape that just touches the grain and a torch 

• Determine grain profiles 

• Calculate total stock (graphically, computer program) 

 

Possible reasons for differences between physical stock and book value of stock: 

• Everything not found/counted/inaccurate measurements/not balanced regularly 

• Documentation for stock received/dispatched not processed correctly/lost 

• Wrong stock records for updating 

• Physical losses (moisture, crush) 

• Theft, mistakes, negligence, suspect vehicles on site, wrong vehicles were loaded, 

grain in bags were stolen. 
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It is important that permanent records are kept and updated.  The records are noted in 

registers (such as poison registers or calibration tests of scales and instruments) or kept on 

computer. 

Examples of record are: 

• Grain stock records 

A record is kept on computer for each type and grade of grain and of the storage 

place.  The grain stock records are updated when stock is received, out loaded or 

treated and verified with stock takings and corrections as necessary. 

• Client records 

The stock of the owners of the grain in the silo must be identified correctly and be 

updated when more stock for the specific type and grade is received or out loaded. 

• Registers 

Every time that an instrument or machine is calibrated, it must be recorded. 

• Poison register 

A record of insecticides used during spraying and fumigation is kept, indicating the 

stock on hand, as well as product issued (details of dosages used) and received. 

 

 

Guidelines for the safe storage of grain 

In South Africa grain is sometimes cultivated in areas where the climatic conditions are not 

favourable for the cultivation thereof.  Problems are especially experienced if the climatic 

conditions during the ripening stage of the grain are infavourable.  In the summer rainfall 

areas of South Africa, it often happens that wheat must be harvested while it is still wet in 

order to protect the quality thereof. 

 

Such grain must then be dried artificially before it can be stored safely.  With the expansion of 

wheat and maize production in the summer rainfall areas and with modern harvest 

techniques, the extent of South Africa’s grain harvest that must be dried artificially, has 

increased so much that in some years up to 90% of the wheat deliveries at some receiving 

points must be dried.  The average percentage of maize that must be artificially dried, is 

approximately 5.5% per year. 

 

In the winter rainfall areas wheat and barley must also be harvested when it is still wet 

because strong winds during harvesting can let the grain fall out and/or cause the plant to fall 

over and thus hamper the harvesting process. 

 

Moisture, insects as well as the incorrect grading of the product is responsible for the biggest 

decline in product quality.  If these factors are not managed wisely, it can cause huge losses 

for the storage organization. 
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Depot managers should regularly inspect the product; especially product received with a high 

moisture content must be closely monitored.  In moist product insects multiply much faster 

than in dry product.  Furthermore, depot managers should also be on the lookout for leaks in 

barns/ silo bins/ silo bags and bunkers that could cause spots to become wet, mouldy and 

with insects; especially when it has rained. The trend is often to discard small quantities of 

wet grain, but it is this product that serve as a breeding ground for insects.   

 

Depot managers should be particularly weary of infestations by insects that develop inside the 

product, such as weevils and the Angoumois grain moth.  By the time you are able to notice 

live adult insects in the product, it may be already too late as it may have caused 

considerable damage to the product already.   

One of the most dangerous sources of contamination of clean product, is small quantities of 

product that is periodically delivered by retailers or agents at the depot for storage.    This 

product is almost invariably heavily contaminated with insects and the later it is delivered after 

the intake of the crop, the more severe the contamination. 

 

 

Storage Hygiene 

The following risks associated with grain storage influence compliance with quality and safety 

requirements: 

 

 

Grain Moisture 

Due to the fact that wet grain cannot be stored safely, silos attempt not to store grain with a 

too high moisture content.  Payment, however, takes place on a dry mass that is determined 

against the maximum moisture content that is acceptable according to the regulation for the 

specific grain type.  In the case of maize, it is 12.5%.  The amount of moisture in grain is 

Risks

• Grain moisture

• Respiration

• Moisture 
movement

• Heat Build-up

Corrective 
actions

• Aeration

• Cooling

• Grain drying

Consequences 
and implications

• Food safety

• Dust 
explosions

• Energy usage
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always expressed as a percentage.  The percentage moisture of products in a normal air-dry 

condition is an important characteristic.   

 

 

Moisture is the single biggest cause of the decrease in grain quality. The speed of 

deterioration in the quality of stored grain is closely related to the amount of moisture.  

Therefore, it cannot be stored safely above a certain percentage of moisture. 

 

Most of the silos have dryers that enable them to extract moisture from grain.  It is thus 

important to know how much water must actually be removed during drying. 

 

Example: 

For this calculation 12.5% moisture will be regarded as dry and safe for storage. To therefore 

determine the quantity of water that must be removed during drying, the following calculation 

must be used: 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 =
𝑀𝑎𝑠𝑠 𝑡𝑜𝑡𝑎𝑙 (𝑀𝑖 − 𝑀𝐹)

1 − (𝑀𝑓 ÷ 100) 𝑥 100
 

 

 

 

Where: 

Mi = Moisture initially 

Mf = Moisture final 

 

Defects

Heat damage

Mustiness and 
mould

Sweating of grain

Sprouting or pre-
germination

Insect damage

Exceed 
maximum limit of 

moisture level

Hectolitre mass
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It is thus possible to determine the mass of water that is present in silo bins. Assume that a 

silo handles 90 000 tons of grain per year of which 50% must be dried, the average moisture 

content of the wet grain is 16% and must be dried to 12.5%.  The mass of water that must be 

withdrawn is then: 

Mi = Moisture initially (16%) 

Mf = Moisture final (12.5%) 

Mass = ton 

 

 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝑓𝑟𝑜𝑚 𝑤𝑒𝑡 𝑔𝑟𝑎𝑖𝑛 =
(50 ÷ 100)𝑥 90 000 𝑥 (16 − 12.5)

1 − (12.5 ÷ 100) 𝑥 100
 

 

=  
157 500

87,5
 

= 1800 𝑡𝑜𝑛 𝑤𝑎𝑡𝑒𝑟 

                                                            

= 1 800 000 𝑙𝑖𝑡𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 

 

If the remaining 50% of the grain received that is accepted as dry contains 14% moisture, 

then the quantity of water is calculated to a 12.5% moisture content. 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝑓𝑟𝑜𝑚 𝑤𝑒𝑡 𝑔𝑟𝑎𝑖𝑛 =
(50 ÷ 100)𝑥 90 000 𝑥 (14 − 12.5)

1 − (12.5 ÷ 100) 𝑥 100
 

 

=  
67 500

87,5
 

= 771 𝑡𝑜𝑛 𝑤𝑎𝑡𝑒𝑟 

                                                            

= 771 000 𝑙𝑖𝑡𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 

 

It is possible that in a good agricultural year where grain is not dried quickly, more than 1 000 

ton of water could be present in the silo. This makes it difficult to manage the grain and it is 

thus not possible to maintain grain quality without special precautions such as aeration and 

monitoring. 

Taking into account the extended period that grain can be stored at silos, it is necessary that 

the moisture content is controlled continuously.  The Institute of Agriculture and Natural 

resources at the University of Nebraska, Lincoln suggests the following maximum moisture 

content for stored grain if it is aerated.  Without aeration through flow adjustments will be 

needed in the grain moisture allowed. 
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Period Maize and sorghum Soybeans Small grain 

6 months 15.5% 13% - 

12 months 14.5% 12% 13% 

12 months + 13% 11% 13% 

 

Respiration 

During the storage of grain respiration takes place when heat and carbon dioxide are 

released.  The higher the moisture content and temperature, the higher the respiration rate 

and as a result more and more energy is released.  The temperature of the grain can increase 

so high that heat damage takes place.  The only way in which respiration rate can be 

decreased is to cool the grain by means of aeration. 

 

Moisture movement 

A general problem with long-term storage is moisture movement in the grain mass.  Moisture 

migration is the result of convection currents which are caused by temperature differences in 

the grain mass.  Moisture migration is especially serious if grain is not adequately cooled after 

drying and moisture moves to the top of the bin through convection currents.  Usually this 

moisture migration is only noticed in the spring when temperatures start to rise and then it is 

very difficult to rectify it without aeration. 

 

The perception exists that bin leakages are mainly the cause of heat damage in grain while 

the opposite can be proved where bin maintenance is done, water leakages cannot cause 

more than 10% heat damage of grain.  Serious water leakages will cause rotten grain.  One 

and a half percent grain moisture in a bin of 5 000 ton represents 85.7 m3 water or, expressed 

another way, water of almost a half-a-meter deep in the bin. 

 

The interpretation of findings when bins are inspected is also important.  For example, 

condensation on the roofs, as well as the clotting of grain on bin walls, are often seen as the 

result of water leakages, while is most probably caused by moisture that is released by 

convection currents in the bin. 

 

The first indication of moisture migration is usually moist grain on the grain surface area which 

later develops into a hard crust that forms on top of the other grain.  If this grain is not 

aerated, it could result in huge losses in grain quality. 
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Heat accumulation 

It is a big dilemma if the build-up of heat is noticed in a bin at a late stage.  It can easily 

happen that the wrong decision is made if an aeration system has not been installed.  

Corrective steps must then be followed.  The following emergency measures can be taken: 

• Transfer the grain to an empty silo.  This has the advantage of hot and cold grain 

mixing and can be efficient if heating is detected in the early stages. 

• If empty silos are not available and the ambient temperature is low, it can be cooled 

with the dryer fans.  Cool night temperatures should also assist in cooling the grain. 

 

These systems are not ideal to cool hot grain due to the fact that it will take longer to cool the 

grain down to a safe storage temperature.  If silos are equipped with temperature monitor 

cables, an increase in temperature can be detected sooner and preventative measure can be 

implemented sooner. 
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MODULE 3:  INTRODUCTION TO 

STORED GRAIN PESTS  

(KM04-KT03) 

 

Learning outcomes 

• Demonstrate a basic understanding of pest control principles and concepts (including 

Primary and secondary grain pests, Principles of pest management, Pest harborage 

and infestation signs, Pest monitoring techniques) 

• Demonstrate a basic understanding of insect control planning, inspection and 

treatment (including Storage options, Treatment options for grains and oilseeds) 

• List and explain the methods applied to prevent insect infestations 

• List and explain the methods applied to control insect infestations in stored grain 

• Explain the segregation of grain and oilseed by type and quality standards 

• Demonstrate an understanding of the technology and processes for various grain 

treatments (including Grain cleaning process, Grain drying process, Grain aeration 

process, Grain insect control treatments) 
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Grain Treatments and Pest Management 

 

Grain Treatments – Grain Cleaning 

During the pre-cleaning process as much as possible foreign material such as stalks, leaves 

and other material as well as dust is removed from the grain.  This action is quicker than the 

complete cleaning process and it has the advantage that storage space isn’t taken up by 

foreign material and that better storage capacity is created. 

 

A further advantage of the pre-cleaning process action is that it removes the foreign material 

(plant residues) which could later cause bin clogging.  Plant residues usually also absorb 

moisture that can lead to decomposition when it is compacted together with the grain in the 

bin under conditions of limited air flow. 

 

In the cleaning process a mechanical cyclone sucks dust from the grain and then the grain 

moves over a series of sieves that remove the fine material and broken grain as well as other 

larger material.  This action is done in order to comply with the buyer’s grade prescriptions 

and that poisonous seeds that may be in the grain, are removed.  The screenings and dust 

are gathered in bags or in bulk outside or in the grain silo’s sifting/dust room. 

 

 

 

Grain Treatments – Grain Drying 

When grain is dried, the excess water (moisture) is removed from it.  The removal takes place 

by water being taken up in the air and being blown away. Different drying equipment and 

techniques as well as methods of drying are used. Dryers make use of forced air as drying 

medium.  The air can be heated or unheated.   

 

Drying methods 

Drying with unheated (natural) air is the cheapest method, but unfortunately slow and totally 

dependent on environmental factors such as humidity and temperature.  It is, however, still 

one of the most effective methods to limit damage to the quality of grain and is furthermore 

the only method suggested for the artificial drying or conditioning of unshelled peanuts.  A 

dryer can also re-dry grain that becomes wet during storage by using only the fan without a 

heat source, in other words only the surface moisture is removed. 

 

Drying with heated air can damage the grain quality if it is dried at a temperature that is too 

high.  Damage is especially done to the physical characteristics of the protein and to the 

germination capacity of the grain.  By keeping within the limits of prescribed air temperatures, 

the danger of heat damage during artificial drying is decreased. 
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Drying Equipment 

There are two types of heat drying equipment, namely one with direct heating and one with 

heating through a heat exchanger.  When a heat exchanger is used, only clean air will be 

blown through the grain.  With the direct heating system, the products of combustion move 

with the heated air through the grain that is being dried and the danger of pollution is very big, 

especially if the combustion is not complete.  In all respects it is thus preferable that a grain 

dryer must have a heat exchanger.  Grain easily absorbs a smell or a taste.  Huge losses can 

be incurred by, for example, drying grain with hot air that has an oil or other smell. 

 

What happens when grain is dried 

An air molecule can be compared with a sponge since it takes up moisture.  A saturated air 

molecule has 100% relative humidity and dry molecule 0% relative humidity. The quantity of 

moisture that must be removed could be removed with heat and air. 

 

The degree in which the air takes up moisture is dependent on the equilibrium point between 

the air moisture and the grain moisture.  The moisture in the grain has a certain vapour 

pressure.  The result is that the vapour pressure in the grain decreases until it is the same as 

the vapour pressure in the air, and no more moisture exchange takes place between the grain 

and the air.   

 

As a rule of thumb, it can be assumed that 1.25 kW is needed to extract 1kg water from grain.  

In a poorly designed dryer, the kW usage could be even higher.  It is possible that wet grain 

could be mixed with dry grain due to a lack of knowledge of employees that operate dryers at 

night.  A lot of damage to grain could thus be caused due to the excessive high-water content 

of the so-called dried grain. 

 

It is therefore very important that all dried grain is firstly transferred into a post-dryer bin to 

cool off and reach equilibrium with its environment.  When the post-dryer grain is transferred, 

moisture and temperature tests must be taken at least every 30 minutes to ensure that grain 

is dried properly, and the temperature of the grain is not too high.  These results must be 

recorded. 

 

If all dried grain is transferred to bins with temperature monitoring, it can facilitate the 

management thereof and it is then possible to detect any abnormalities and take corrective 

action before damage is done to the grain.  It is important that comprehensive notes are taken 

when grain is transferred into a bin.  The principle of first-in-first-out should be followed, but 

unfortunately it is not possible.  Therefore, it is always advisable to empty the bins first to 

make very sure of the condition of the grain before more grain is added.  Where wet grain is 

dried without aeration, it should be noted that the safe storage time of wet grain should not be 
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exceeded.  The moment that situation occurs, the moisture content must be reduced and as 

soon as the situation normalizes, it can be increased again. 

 

 

Operating procedures 

Preparations for drying grain: 

• Ensure that the drying oven is clean and functional at the start of the season. 

• Prepare empty bins for the storage of wet grain and also dried grain. 

• Ensure that the igniting chamber is clean and that the nozzle is without residue. 

• Ensure that the bin with the wet grain is emptied after about two weeks before any 

new wet grain is added to it.  This prevents that a wet grain cushion is formed. 

• Ensure that the dried grain is cooled down to the environmental temperature before it 

is stored in a bin. 

• Determine the moisture of grain that is being dried at least every 20-30 minutes to 

ensure that the correct quantity of moisture is removed. 

• Notwithstanding the type of moisture testing equipment that is in use, all equipment 

must be tested for accuracy against the standard 72-hour oven method.  The method 

is used by an accredited laboratory. 

 

Grain Treatments – Grain Aeration 

Aeration is the transfer of high volumes of cold air through a grain mass.  The purpose of 

aeration is: 

• To achieve homogeneous moisture throughout the product in the silo 

• To achieve homogeneous temperature throughout the product in the silo 

This is generally the most effective method to maintain grain quality without having to move 

the grain. 

 

The benefits of moving AIR rather than GRAIN are: 

• Lower kWh consumption (reduced power costs) 

• No grain damage since there are no breakages and seed quality is maintained 

• Lower maintenance costs 

• Reduce insect infestation 

• Elimination of hot spots 

 

Aeration removes the moist air from the grain and thereby achieve a homogenous moisture 

and temperature.  Temperature and humidity play a large role in aeration.  Air that is at a 

lower temperature than the grain, will cool the grain off, not just to the air temperature, but to 

the wet ball temperature of the air.  Usually the grain loses a small amount of moisture during 

the cooling phase of aeration.  Aeration thus cools the grain and also reduces the moisture 
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content slightly.  Any heat that is caused by respiration is removed and hot spots are thus 

eliminated. 

 

The purpose of aeration is not to use the aeration system as a dryer to dry grain.  Although a 

degree of drying can take place in ideal conditions, it is still limited, and the main objective is 

to prevent heat accumulation of grain due to 

biological actions taking place.  Air which has a 

lower temperature of at least 6C as that of the 

grain, will cool the grain down, not only to the air 

temperature, but also to the wet bulb temperature 

in the air. 

The cold, dry air will absorb the grain’s 

temperature and thus also remove some moisture.  When this air is vented, not only will heat 

but also moisture be removed from the grain.   

 

 

Pest Control Principles and Concepts 

Grain insects are an integral part of the grain storage system; over the ages, they have 

adapted fully to survive under the conditions that exist in the grain storage environment.  The 

environment in which an insect lives can be divided into four components: 

1. The prerequisites for life, namely food, water, oxygen and the atmosphere. 

2. The climate, in other words the temperature and humidity in the grain silo or bag 

stack. 

3. Other living organisms that live in the same environment, such as other insect pests 

with which the insects must compete with for feed and shelter, natural enemies such 

as parasites and predators, bacteria and viruses that cause diseases and fungi that 

grow on the grain. 

4. The physical conditions under which the grain is stored, for example the darkness, 

the size of the space within the silo bin, the impenetrability of cement, the total area of 

the volume of grain, the size of the grain kernels, the size of the intergranular spaces, 

and much more. 

Each of these components of the environment influence the population growth of the pest 

species.  The ecological approach to pest control comprises the change of one or preferably 

more than one of these environmental components to make the environment less suitable 

or totally unfit for population growth of the insect pests, but subject to the limitation that 

the environment must remain suitable for the storage of grain. 

 

The most important pests of stored grain, grain products and seeds are insects and mites.    

Storage pests undergo a complete metamorphosis during development.  While the insect is in 

the egg stage and pupa stage, it does not move around or eat.  During the larval stage and 

“Dry Bulb” is the temperature in the air 

measured with a normal thermometer. 

“Wet Bulb” is the temperature that must be 

reached before the air releases the water from 

the air.  It is usually observed in the form of dew 

or condensation. 
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the mature stage, the insect is very active.  The larval stage is mainly focused on eating in 

order for the mature insect to be healthy and strong.  The mature stage produces the next 

generation of insects.  The mature insect moves around much more than the larva to look for 

suitable places to lay eggs.  That is why the insect in the mature stage has wings. 

 

The life cycle or metamorphosis of insects has the following characteristics: 

• Nearly all insects lay eggs to 

reproduce. 

• From the egg a young, immature 

insect hatch and develops into a 

mature insect that is ready to 

reproduce. 

• Most of the insects develop in one of 

two ways from the egg stage to the 

mature stage. 

 

 

 

There is also a small group of insects that don’t undergo a metamorphosis during 

development.  Most of the important pest insects of stored grain, grain products and seeds 

undergo a complete metamorphosis during development from egg to the mature stage and 

therefore they are all similar.  They can, however, be divided into two groups depending on 

the place where the immature stages are found: 

• In the first group, the larva and cocoon stages develop inside a single grain kernel or 

seed.  The pest insects that fall in this group can thus only reproduce in whole grain, 

or in processed products that are in solid form, such as spaghetti.  These insects can 

thus already contaminate the grain or seed on the land, because the immature stage 

inside the kernel is well protected against injuries during the harvest and handling. 

• In the second group, the immature stages develop freely between the seeds and is 

not limited to a single seed or grain kernel.  These insects can therefore also 

reproduce in flour and other grain products in powder form.  They cannot, however, 

be taken in from the land because they could easily be injured or killed during the 

handling of grain or seeds. 
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Storage pests that develop within the seed kernel 

These pests cause the most damage.  When grain is contaminated by this group, only the 

mature stage of the insect is observed, because the immature stages are hidden inside the 

seeds and grain. 

 

 

 

 

Grain Weevils 

The grain weevils belong to the snout-beetle family, which is characterized by the mouth 

pieces at the end of the snout or rostrum.  There are three snout-beetles that are important 

pests of stored grain and seeds, namely: 

• Granary beetle 

• Maize beetle 

• Rice beetle 

 

 

• Granary beetle: 

 

Characteristics of 

body 

• Dark-brown colour 

• No membranous flying wings underneath the elytron 

• Approximately 3mm long depending on seed size 

• Snout with mouth pieces at the end. 

Biology • Female eats a cavity in the seed kernel into which she lays a 

single egg. 

Primary insects:

Within seed

Weevils (grainery, 
rice, bean,cowpea

Grain borers

Moths (Angoumois 
moth)
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• The egg hatches and the larva eat deeper into the seed, where it 

moults a few times, pupates and then creeps out in mature form 

• Mature insect remains in the seed for a few days and then eats 

an escape route to the outside, to mate and continue the cycle 

• Mature insect lives for 7 to 8 months 

• Only grain is attacked 

Development time • 4 to 5 weeks under optimum conditions 

Number of eggs • 150 to 250 

Optimum climate • 26 to 30C and high humidity 

Damage pattern • The escape opening of the mature insects in seeds is a tell-tale 

characteristic.  Because the mature insect also eats the seeds 

from the outside, further cavities arise over time 

 

 

• Rice Weevil 

 

Characteristics of 

body 

• Mat-black colour 

• Four light spots on the covering wings 

• Snout 

• Length 3mm, depending on seed size 

• Has flying wings 

Biology • Similar to the biology of the granary weevil 

• The mature stages live 5 to 6 months 

• Can fly well and contaminates grain that is still standing on the 

land 

• Mainly grain is attacked 

Development time • 4 to 5 weeks under optimum conditions 

Number of eggs • 200 to 300 

Optimum climate • 27 to 31C and high humidity 

Damage pattern • The escape opening of the mature insects in seeds is a tell-tale 

characteristic.  Because the mature insect also eats the seeds 

from the outside, further cavities arise over time 
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• Maize weevil 

 

Characteristics of 

body 

• Similar to that of the rice weevil 

• Length 3 to 4mm depending on seed size 

Biology • Similar to that of the grain shed and rice weevil 

• Mature stage lives 6 to 7 months 

• Could contaminate grain on the land 

Development time • 4 to 5 weeks under optimum conditions 

Number of eggs • 200 to 250 

Optimum climate • 26 to 30C and high humidity 

Damage pattern • Similar to that of the granary and rice weevils 

 

Cow-pea and Bean weevil 

Although these insects are also called weevils, they are not related to the snout-beetle family 

to which grain weevils belong. They belong to a weevil family that almost exclusively 

contaminates leguminous plants such as peas and beans.  Grain weevils, on the other hand, 

can hardly survive on leguminous plants. 
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• Bean weevil 

 

Characteristics of 

body 

• Plump, little weevils with grey elytron 

• Length 2.5 to 3mm 

• Tip of the posterior protrudes from underneath the elytron 

Biology • Eggs are laid in ripe pods on the land, or between the ripe seeds 

in storage 

• The eggs are laid loosely and don’t stick 

• After the egg has hatched, the small larva bores into the bean 

where it moults, pupates and changes into a mature insect 

• In the summer, the mature insect stays in the seeds only a few 

days and then leaves the seeds through a neat, round opening 

• In the winter, they stay in the seed all season long 

• More than one insect can develop in every seed 

• The mature bean weevil does not eat and does not live longer 

than 9 weeks after it has left the seed 

• Kidney beans, sugar beans, runner beans and cowpeas are 

contaminated by the normal bean weevil, but not soya beans, 

lima beans, broad beans and velvet beans or grain. 

•  

Development time • 6 to 8 weeks under optimum conditions 

Number of eggs • Around 50 

Optimum climate • 27 to 31C and moderate humidity 

Damage pattern • One or more round escape opening in the seed; the rest of the 

seed area is undamaged, because mature insects do not eat 

and the internal damage by the larva cannot be seen 
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• Cow-pea weevil 

 

Characteristics of 

body 

• Plump little weevils with a mat, red-brownish colour 

• The back parts of the elytron are black 

• The tip of the posterior protrudes from underneath the elytron 

wings 

• Length about 2.5mm 

Biology • The female sticks the eggs onto the seeds or pods 

• When the small larva hatches, it bores into the seed where the 

life cycle is completed 

• In the summer, the mature insect stays in the seed for a few 

days, but in winter they stay there until it is a bit warmer 

• The mature insect leaves the seed through a typical small round 

escape opening as all cow-pea and bean weevils 

• The mature insect does not eat and does not live longer than 2 

to 3 weeks 

• The acorn bean weevil can only reproduce in cow-pea and 

certain types of peas, but not in beans, and also not in grain 

Development time • 6 to 8 weeks under optimum conditions 

Number of eggs • About 50 

Optimum climate • 28 to 30C and moderate humidity 

Damage pattern • Round escape openings without any visible damage to the seed.  

Pasted eggs on seeds. 

 

Grain Borers: 

The grain borers belong to the same insect family as the wood borers.  Their build and 

lifestyle habits are very similar to that of wood borers.  Only one of the two insect groups will 

be discussed, namely the small grain borer. 
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• Small Grain Borer 

 

Characteristics of 

body 

• Dark brown colour 

• Cylindrical body 

• Head is underneath the first thorax segment 

• Length about 3mm 

Biology • Eggs are laid in loose grain and after they have hatched, the first 

and second stage larval eat the powdered grain caused by 

continuous boring into the grain kernel 

• The third larval stage of the small grain borer bores into the grain 

kernel where it completes the life cycle 

• The mature insect lives around 5 to 7 months 

• Only grain is contaminated 

Number of eggs • About 300 

Optimum climate • 32 to 35C and moderate humidity 

Damage pattern • The numerous tunnels and hollows in the seeds are 

characteristic.  There are no typical escape openings in the 

seeds. A large amount of powdered grain 

 

 

Moths 

There are three moth types that develop inside seeds, of which the Angoumois moth is the 

most important.  The Angoumois moth belongs to the family of leaf miners that mostly tunnel 

into leaves. 
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• Angoumois moth 

 

Characteristics of 

body 

• Light khaki coloured with satin sheen 

• Narrow wings with long fringes on the rear edges of especially 

the back wings 

• Wingspan 10mm 

• Body length 4 to 5mm 

Biology • Eggs are laid on the grain and the newly hatched larva 

immediately bores into the seed kernel 

• The larva grows through its various stages and when mature, it 

eats a small escape tunnel to just under the testa. 

• Then the larva spins itself into a cocoon and pupates 

• When the mature moth emerges, it simultaneously breaks 

through the thin seed testa and the cocoon to exit from the seed 

• The empty cocoon can often be seen in the escape opening 

• Only grain is contaminated 

• The mature stage doesn’t eat and don’t live longer than two 

weeks 

• This insect can already contaminate the grain on the land 

Development time • 5 weeks under optimum conditions 

Number of eggs • About 150 

Optimum climate • 26 to 30C and moderate humidity 

Damage pattern • Escape openings without any other external damage to the 

seeds.   

• The cocoon can be seen in the mouth of some of the escape 

openings 

• Large seeds such as maize may have more than one escape 

opening, but small seeds such as wheat seldom have more than 

one 
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Storage pests that develop freely between the seeds 

With insects that move freely between the seeds or develop in the milled grain products, both 

the matured insects as well as the larva, is noticed.  Indeed, with the type where the lifespan 

of the mature stage is shorter than the development stage of the larva, the larval stage is as 

visible or even more so than the mature stage.  Only the body characteristics of the mature 

stage are mentioned here. 

 

 

 

 

 

• Rust-red flour beetle 

 

 

Characteristics of 

body 

• Shiny red-brown colour 

• Flat body 

• About 3mm long 

Biology • Eggs are laid loose in the feeding medium, hatch and the larva 

moult a few times, pupate and emerge as small mature beetles 

Secondary insects:

Between seeds

Flour beetles

Saw-tooth beetles

Flat garin beetles

Skin beetles

Moths (Indian meal moth, tropical 
warehouse moth, grain lice)
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• The larva lives mainly on fine granary particles such as dust and 

flour and therefore prefer grain products 

• Milled products of pulse seeds and even whole pulse seeds are 

also contaminated 

• In the mature stage the insect lives 6 to 7 months 

Development time • 4 to 5 weeks under optimum conditions 

Number of eggs • About 360 

Optimum climate • 32 to 35C and can survive at low humidity 

Damage pattern • No visible damage to seeds 

• Many small dead beetles in the product as well as castings of 

larval skin 

• If flour is heavily contaminated, it discolours to a pinkish colour 

and also develops a strong smell due to certain secretions of this 

insect 

 

• Saw-toothed beetles 

 

Characteristics of 

body 

• Mat-brown to black colour 

• Narrow body 

• Six saw-tooth-like projections on both sides of the first thorax 

segment 

• 2.5 to 3mm long 

Biology • Eggs are laid loose in the feeding medium 

• When it is time for the larva to pupate, it wraps itself in a delicate 

cocoon of food fragments that are stuck together 

• In here the pupa develops from which the mature beetle 

emerges 

• The mature beetle lives for 6 to 7 months 

• Nearly any stored commodity is contaminated 

• Where whole grain is contaminated, some of the larval bore 

under the testa, into the germ and complete their development in 

the seed 

Development time • 3 to 4 weeks under optimum conditions 
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Number of eggs • About 200 

Optimum climate • 231 to 34C and can survive moderate humidity 

Damage pattern • There is no special damage pattern that characterizes this 

insect. 

 

Flat grain beetles 

In this group there are at least six different types with different scientific names, but they are 

so similar that here are only two common names, namely the flat grain beetle and the rust-

red grain beetle (the later must not be confused with the rust-red flout beetle) 

 

Characteristics of 

body 

• Shiny red-brown colour 

• Flat body 

• Feelers nearly just as long as the body 

• Body never longer than 2mm 

• Can fly 

Biology • Similar to that of the common saw-toothed grain beetle 

• The small mature beetles live for 2 to 3 months 

• They prefer the germ of the grain as food and they often tunnel 

into the germ 

Development time • 4 weeks under optimum conditions 

Number of eggs • About 330 

Optimum climate • 268 to 33C and high humidity 

Damage pattern • Large number of small dead beetles 

• Tunnels and holes in the germ of grain seeds 

 

 

The skin beetle family 

A few members of the skin beetle family have adjusted to survive in stored products and they 

seldom, if ever, feed on food of animal origin.  It includes the khapra beetle and six closely 

related types.  Some other members of the family live from waste material such as insect skin 

castings, grain dust, etc. that are commonly found in storage sheds, but not in the stored 

product itself.  Only the khapra beetle is discussed here. 
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• Khapra beetle 

 

Characteristics of 

body 

• Shiny dark-brown to black 

• Uneven patterns on the elytron 

• Tortoise-like body 

• Length 2.5 to 3.5mm with much variation in size within a 

population 

Biology • Eggs are laid loose in the feeding medium and the young larvae 

feed on the soft germ parts of the seeds 

• As they grow, they start feeding on the hard endosperm as well 

• The larva pupates inside its skin and as the beetle creeps from 

the pupa, it emerges through a slit on the back of the old skin of 

the larva to the outside 

• Nearly any stored agricultural product is attacked 

• The larva never penetrates the product too deeply and come to 

the surface to moult 

• The small mature beetles don’t eat and don’t live longer than 2 to 

3 weeks.   

• As a result, it is mainly the larvae that are observed during 

contamination 

• The larvae can go into a rest period that could last for up to four 

years 

Development time • 5 to 6 weeks under optimum conditions 

Number of eggs • About 50 

Optimum climate • 33 to 37C and can survive a low humidity 

Damage pattern • Tunnels and holes in seeds which remind a lot of the damage 

pattern of the small grain borer.  Old skin castings on the surface 

of grain 

 

Moths 

There are 6 important moth types that attack stored products and that develop freely between 

the seeds.  Of these, two are commonly found in South Africa, namely the Indian Flour Moth 

and the Tropical Warehouse Moth. 
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• Indian Flour Moth or Indian Meal Moth 

 

 

Characteristics of 

body 

• Distal two-thirds of front wings have a brassy colour 

• Basal one-third of the front wings is light khaki coloured 

• Back wings are light grey 

• Wingspan of 15mm 

• Length about 6mm 

Biology • Eggs are laid loose in the feeding medium 

• The mature female does not creep in between the seeds to lay 

the eggs 

• The result is that contamination is limited to grain close to the 

surface of the silo bin that is full of grain 

• The small larvae initially creep deeper into the grain 

• They feed only on the soft germ of hard seeds such as grain, but 

soft seeds such as peanuts are fed on at any place. 

• When the larva is fully grown, it usually creeps out of the grain 

and spins itself into a cocoon in a hidden corner 

• In here it pupates and the mature moth creeps out and escapes 

from the cocoon 

• The mature moth doesn’t eat and lives only for about a week 

Development time • About 4 weeks under optimum conditions 

Number of eggs • 170 

Optimum climate • 28 to 32C and moderate humidity 

Damage pattern • Only the germ part of hard seeds are fed on and the whole germ 

is devoured. 

• The spinnings of larvae that creep around seeking suitable 

places to pupate eventually form a blanket over the grain surface 
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• Tropical Warehouse Moth 

 

Characteristics of 

body 

• Distal two-thirds of front wings are dark grey 

• Basal one-third wings of front wings is lighter grey 

• Light and dark grey areas are divided by a straight light and dark 

stripe 

• Back wings are uniformly grey 

• Wingspan of 15mm  

• Length about 6mm 

Biology • Similar to that of the Indian Flour Moth 

Development time • About 4 weeks under optimum conditions 

Number of eggs • About 400 

Optimum climate • 28 to 32C and moderate humidity 

Damage pattern • Similar to that of the Indian Flour Moth 

 

Grain Lice 

In this group there are various types that occur in stored grain. The characteristics of the body 

and the biology of the different types are similar. 

 

Characteristics of 

body 

• Semi-transparent 

• Light khaki coloured to brown 

• Feelers nearly as long as the body 

• Length 1 to 1.5mm 

• Some have semi-developed wings, other are wingless 

Biology • Eggs are laid single or in small groups and are covered with dust 
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• The mature insect lives for approximately 10 months and could 

even live without food for 7 weeks 

• Mainly damaged grain is attacked 

• This insect also feeds on the eggs of other pest insects 

Development time • 21 to 23 days under optimum conditions  

Number of eggs • About 120 

Optimum climate • 25C and high humidity 

Damage pattern • There is no unique damage pattern that characterizes these 

insects. 

 

 

Pest Infestation signs 

The effect that insects have on the environment can be used to determine the presence of 

insects deep in a large volume of grain in an early stage of infestation, without large scale 

sampling.  The most important effect in this regard is the heating of grain by the insects and 

the symptoms that accompany it. 

 

Grain that is wet, in other words that contains more than 15% moisture, will start to warm up 

and can reach a temperature as high as 64C.  This heating is caused by fungal spores that 

are always present in grain, which germinate and lead to fungal growth.  This is called wet 

grain heating.  Grain that is dry, for example contains less than 15% moisture, will, however, 

also heat up if it contains insect infestation, but the maximum temperature that could be 

caused by insects in grain is 42C.  This is called dry grain heating. 

 

Usually the process starts with an infestation by an insect type that is able to continue its 

development at the initial grain temperature.  As the temperature rises, this pest type 

develops more rapidly, but at the same time the temperature is becoming more suitable for 

other types that can only develop in warmer conditions.  Eventually it becomes too hot for the 

insect type that started the whole process and they start to move to cooler extremities of the 

hot spot.  In this way the hot spot is enlarged so the process continues with one insect type 

after the other, until the hot spot becomes too warm for even the insect that prefers the 

highest temperature conditions.  The whole process is therefore characterized by a 

succession of one insect type after the other.   

 

The fact that there is an area in the grain that is warmer than the rest of the grain, has further 

consequences: 

• Because the inter-granular air in the hot spot is warmer than the inter-granular air in the 

rest of the grain, it can absorb more water vapour from the grain as well as water that is 

excreted by the insects. 
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• This warm, moist air starts to rise as it moves through the cooler grain to the top and then 

starts cooling off.  When it reaches the upper grain surface, the humidity of this air is very 

high as a result of the cooling off.  The grain in this area now absorbs the water from the 

air again, because the water content always maintains a balance with the water content 

of the surrounding air. The water content of the grain on the surface therefore rises and it 

could easily exceed the limit of 15% that is needed for the germination of fungal spores.  

The moment this happens, the process of wet grain heating commences, which may 

result in a temperature as high as 62C. 

 

Factors that determine the dispersion of insects in grain 

• Size of the insect and body characteristics 

Moth types such as the tropical warehouse moth and the Indian flour moth are much 

bigger than most types of beetles that are pests in stored grain.  Their bodies are also 

softer than that of weevils, even in the larval stage.  For the moth types it is thus more 

difficult to creep through the grain kernels deep into a volume of grain.  This is one of 

the reasons why moth types infest grain near the surface of the grain volume, while 

most of the beetle types penetrate deep into the grain volume. 

 

• The life span of the insect type and its mature stage 

The moth types and very few beetle types live only about a week in their mature 

stage – just long enough for the female to find a partner, mate and lay eggs.  

Infestation by these types of insects is therefore limited to the grain near the surface 

of the grain volume. Most of the beetle types, on the other hand, live quite a few 

months in the mature stage, mating takes place in the grain and the females lay eggs 

at a relatively slow pace of around ten per day. These beetle types therefore have a 

lot of time to penetrate the grain volume deeply and to infest deeper layers. 

 

• The place where the larvae develop 

Insect types of which the larva develop inside the grain kernel, can infest the grain on 

the land already and be taken in with the grain at the storage site.  These insects are 

inside the grain kernel and well protected against fatal injuries during harvesting and 

handling.  Insects of which the larval stage do not develop inside a grain kernel, can 

also infest the grain on the land already, but handling of the grain during the 

harvesting and the intake process kills most of them, especially if they are still in the 

larval stage.  Consequently, these insects are less often taken in with the grain from 

the land into the storage site.   These insects therefore penetrate the grain in storage 

later and the earliest infestation takes place somewhere on the upper surface of the 

grain volume.  Insects that develop inside the kernels and enter the silo with the grain 

from the land, can occur anywhere in the grain volume and the infestation will then 

spread further.  These insects can obviously also infest the grain from outside at a 
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later stage and then the earliest infestation will also take place on the upper surface 

of the grain volume. 

 

• Consignments of grain which are warmer than the rest 

In the normal course of grain intake at the silo, grain consignments of which the 

temperatures differ drastically are received, depending on the time of day when the 

grain was harvested.  Loads of warm grain then lie between the cooler grain in the 

silo bin and because of the poor conductivity of the grain, it takes weeks before the 

grain temperature in the bin becomes more uniform.  If insects are taken in with the 

grain, or were in the bin before, they will be lured to the warmer areas, where they will 

develop quicker.  This can also be the start of dry grain heating. 

 

• Consignments of grain that are wetter than the rest 

Exactly the same happens with grain that is wetter than the rest.  Wetter grain is 

attractive to insects and they will move in the silo to the areas of grain that contain the 

most moisture.  If the moisture content of the grain in the area is higher than 15%, 

wet grain will start heating. If not, the concentration of insects in the wetter area will 

start the process of dry grain heating. If fungi start to grow on the wetter grain, the 

fungi will attract fungus beetles, even at a stage when the fungal growth cannot even 

be seen with the naked eye. 

 

 

Pest control and treatment 

One of the most popular control methods is to spray bulk grain with an insecticide as it is 

relatively cheap and little further attention to the grain is needed.  Consumers have however, 

recently shown an increased resistance to the residues of insecticides on food, with the result 

that this method has become less popular.  Insecticides that are used for this purpose must 

be selected very carefully so as not to have any negative consequences for the consumer. 

 

Another way of controlling pests is to store grain as dry as possible; the prescribed maximum 

moisture levels may not be exceeded.  Remember that insects produce more rapidly if the 

grain contains more water.  When the moisture content exceeds 15%, fungal spores start to 

develop, and fungi destroy the grain even faster than insects. 

 

The atmosphere can also be made unfit for insect life in three ways: 

• By applying poisonous gas (fumigation) 

• By reducing the oxygen concentration by exchanging it with carbon dioxide or nitrogen 

gas (controlled atmosphere technique) 

• By a combination of poisonous gas application and the reduction of oxygen 
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In all three cases the altered conditions must be maintained for a certain minimum period, 

which varies from 1 to 16 days.  It also requires a certain minimum gas-tight standard of the 

storage space.  If the storage structure is sufficiently gas-tight, the altered atmosphere can be 

maintained for the full storage time, which eliminates the need for repeat treatments. For the 

application of the controlled atmosphere techniques and in some types of fumigation, an 

appropriate gas circulation system is needed to distribute the gas evenly through the grain. 

 

The rate at which insects develop, depends directly on the environmental temperature.  

Development occurs more rapidly between 16 and 37C, depending on the species.  The 

temperature at which development occurs the quickest is called the optimum temperature for 

that species.  Fir every species there is also a minimum temperature below which 

development will come to a halt.  This temperature varies from 7C for grain mites up to 24C 

for the khapra beetle.   

 

 

Chemical Pest Control 

 

 

• Emulsifiable Concentrate 

This is the white, creamy liquid or clear oily liquid that is diluted with water and is 

sprayed on the surface of the grain.  When it mixes with water, it becomes a milky 

white mixture called an emulsion.  If small oil drops appear on the surface of the 

emulsion, it indicates that the emulsion is broken, and the insecticide has separated 

from the water. In such a case the poison can no longer spread evenly and therefore 

the emulsion should not be sprayed.  When the insects walk over the surfaces 

sprayed with the emulsion, it consumes the poisonous substance. 

 

 

Common 
Formulations

Emulcifiable 
concentrate

Emulsions

Aerosol

Fumigation

Smoke generator

Pill and tablet

Seed treatment 
substance
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• Emulsion 

This is the stable mixture of two or more unmixable liquids which is held is 

suspension as small drops by an emulgent.  Emulsions are formed when an 

emulsifiable concentrate is mixed with water.  Emulsions are sprayed directly onto 

grain or on other surfaces that insects come into contact with. 

 

• Aerosol 

This a solution of the insecticide that is packaged in a special container with a driving 

gas.  The driving gas breaks the insecticide up into very small drops when it is 

released from the container and the suspension is carried some distance into the air.  

These small drops float through the air and fall on insects.  Aerosols are usually 

meant for the treatment of empty air spaces and are especially used for killing insects 

in the mature stage and that are flying around.  Aerosols can also be applied 

mechanically with special machines. 

 

• Fumigation 

This is a gas that is applied in tightly closed-off space.  It mixes with the air in the 

space and the insects inhale the poisonous substance together with the air.  

Fumigation gases can spread in between grain kernels deep into a volume grain 

where no other insecticide can reach without transferring grain. 

 

• Smoke generator 

This is a tablet, powder, cake or oil that contains the insecticide, which, if ignited, 

smolders and forms a smoke that contains the insecticide.  Smoke generators are 

used in the same manner as aerosols, in other words, as a space treatment, but the 

poison also forms a residue on the surfaces where it may have a residual effect on 

insects that walk over the surface at a later stage. 

 

• Pill and tablet 

This is a pest control formulation pressed into the form of a tablet or pill. 

 

• Seed treatment substance 

A coloured powder that contains the insecticide, and which is specially developed to 

adhere to tightly seeds.  The colourant is mixed in to colour the seeds that were 

treated to prevent the seeds from being used for food or feed. 

 

 

Insect Inspections in Bunker Systems 

Due to the conditions of bunkers, it is not easy to inspect the grain inside. During bunker 

inspections, or any bunker activity all staff should be on the lookout for any insect activity.  
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Investigate the areas around spilt grain, along tarp seams, around timbers, and check the 

sunny side of the bunker, as insects like to be warm. 

The tarp may be opened, and a sample can be taken with the double tube probe from the top 

between 20 to 40 meters to the bottom and then the sample will be divided by a multi-slot 

divider. 

Prior to fumigation, bunkers must be inspected to ascertain what level of infestation had 

occurred and what type of insect is involved. 

Before taking new grain products in, be sure to spray the bunker with an insecticide, that the 

bunker is clean and in a good condition.  

 

 

 

 

 

Please complete Knowledge Activity:  Multiple Choice Test 

 

Please complete Practical Activity:  Task 24 

 

 

Please complete Workplace Activity:  WM - 04 

 

 

 

 

 

 

 

 


