
 

36 Swai et al. 

 

Int. J. Biosci. 2019 

  

RESEARCH PAPER                                                                                            OPEN ACCESS 
 

Integrating storage structures and store time in maize grains 

postharvest losses evaluation in Northern Zone of Tanzania 

 

Jennifer Swai1,5, Ernest R. Mbega2, Arnold Mushongi3, Violeth Mwaijande4, Patrick 

A. Ndakidemi1* 

 
1,2,5Department of Sustainable Agriculture and Biodiversity Ecosystem Management, School of Life 

Science and Bio‒engineering, The Nelson Mandela African Institution of Science and Technology, 

P. O. Box 447, Arusha, Tanzania 

3Department of Crop Science, Tanzania Agricultural Research Institute Ilonga, Private Bag, 

Morogoro, Tanzania 

4Department of Crop Science, Tanzania Agricultural Research Institute, Mikocheni, Private Bag 

Morogoro, Tanzania 

 
Key words: Zea mays L., PICS bags, Moisture content, Insect damaged kernels, Food security. 

 

http://dx.doi.org/10.12692/ijb/14.6.36-52 Article published on June 16, 2019 

 
Abstract 

   
Maize is the most important cereal crop in Tanzania, thus its postharvest losses are a big threat to food security. 

This study integrated maize store-time with five storage methods namely Perdue Improved Cowpeas Storage 

bags (PICS), Metal Drums, Kihenge, Polyethylene bags with insecticides and Polyethylene bags without 

insecticide. Trials were established following a randomized complete block design with five treatments at 

Kilimanjaro, Arusha and Manyara, and treatments were monitored for weevil’s infestation for six months 

consecutive. The results showed PICS bag was the most efficient storage method in minimizing insect damaged 

kernels as it only contributed to 1% of the insect damaged kernels, while other methods such as Metal drum, 

Kihenge  Polyethylene bag with insecticide and Polyethylene bag without insecticide resulted in 4%, 23 %, 29%, 

and 43% insect damaged kernels respectively after six month store‒time. The correlation matrix showed similar 

results with coefficients of correlation‒0.378, ‒0.272, 0.045, 0.037 and 0.516 respectively. With regards to store-

time PICS bag and Metal drum had the lowest number of insect damage throughout six-month store-time. 

Polyethylene bag with insecticide was able to keep the kernel insect free only for three months while 

Polyethylene bag without insecticide kept grains free of weevil infestation only for one. There was no suggesting 

time to store grains using Kihenge due to its fewer numbers of observations. 
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Introduction 

Maize (Zea mays L.) is a primary cereal and one most 

important food and cash crop aregrown in almost 

every agro-ecological location in Africa (Suleiman and 

Rosentrater, 2015). Tanzania as one of the Sub-

Saharan African countries, maize is a central source 

of earnings and caloric intake, amounting 20% of the 

cereal-based dietary sources (Jones et al., 2011).  

 

In the country, maize is grown twice a year in two 

rainfall seasons i.e. long rains ‘Masika’ and short rains 

‘Vuli’ (Verheye, 2010). Maize contributes about 20% 

of the country Gross Domestic Product (GDP), over 

30% household income, 60% of dietary calories and 

50% of protein intake (Suleiman and Rosentrater, 

2015; Amani, 2004, URT ‒MAFC, 2013). Average 

maize yields in Tanzania under farmers conditions is 

about 1.4t/ha, which is quite low (FAO, 2015). Inspite 

of bimodal rainfall and favorable conditions for maize 

production in the Northern Zone of Tanzania i.e 

Arusha, Kilimanjaro, and Manyara, contributes 10-

15% of the total yield (Zorya and Mahdi, 2009).  

 

In order to secure the little production we have, there 

should be a determined strategy on modeling storage 

structure and its store-time so that the produced 

grains will endup being consumed with the intended 

community rather than storage insect pest. In most of 

developing countries, postharvest losses of maize 

grain are significantly higher, ranges 20‒30% of the 

produced grain, storage insects account for up to 40% 

of the physical value and nutritional value of grain 

degradations (Chomchalow, 2003; Matthews, 2006; 

Kumar and Kalita, 2017). Despite the facts that, 

assurance of proper improved storage structures 

boost up food availability at the household level 

(Proctor, 1994; Holst et al., 2000), yet Tanzania 

government have geared much emphasis on 

increasing agricultural production and its 

productivity, with little efforts on modeling prevailing 

storage structures in relation to store-time as a way 

forward towards postharvestlosses minimization.  

 

Furthermore, most of the Tanzanian farmers in 

Northern Zone rely on traditional storage facilities 

such as raised grass‒thatched, mud‒plastered hut on 

pillars and Kihenge for food and seed preservations 

(Rugumamu, 2003; Makalle, 2012), ignoring the 

improved storage techniques such as metal silos, 

hermetic bags, and warehouses facilities. Basically, 

traditional storage facilities hold are highly preferred 

compared with improved one because they are 

relatively simple and accessible with minimum 

investment cost. Studies have been conducted on the 

promotion of improved storage structures (De Groote 

et al., 2013; Teferra et al., 2012;William et al., 2017) 

with no considerations on modeling the prevailing 

traditional structures store-time, knowing that, 

farmers are diverse in purchasing power and 

innovation adaptation i.e. early adopter, late 

adopters, and laggards.   

 

Farmers need to be well informed on the 

contributions of store-time and storage structure in 

insect damaged kernels as one of their decision 

supporting tools for enhancing household food safety 

and security which is the main focus of this study. 

This work intends to establish a clear link between 

storage structure and store-time by recommending 

proper store time for each structure.  

 

The main research questions are; is there any 

significant difference in maize postharvest losses 

under various storage structures? Second, what is a 

recommended length of time for maize storage under 

various structures as far as maize postharvest losses 

are concerned? In this study, maize postharvest losses 

have been defined in the context of storage moisture 

trends, storage structures, store time and degree of 

insect damaged kernels. 

 

Methodology 

Description of the study sites 

This study was conducted in the Northern Zone of 

Tanzania particularly in Manyara, Arusha and 

Kilimanjaro regions. Three Districts were purposively 

chosen in each of the three regions .The Districts by 

regions include: Manyara (Babati, Hanan’g,and 

Mbulu), Arusha (Monduli, Arumeru and Karatu), and 

Kilimanjaro (Siha, Hai and Moshi rural) (Fig 1). 
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Fig. 1. Study locations and distribution of maize storage structures in the Northern Zone of Tanzania. 

The Districts were selected due to the fact that they 

are the major maize growing areas of the north 

Tanzania, and also based on their production 

statistics and preference by Taking Maize Agronomy 

into Scale in Africa (TAMASA) project which funded 

this research. 

  

Household sample selection 

The sampling frame was the maize farming 

households in the study Districts. Random sampling 

from 10x10km grids was established in the study 

Districts based on GPS coordinates. From each 10mx 

10m grid, three 1km x1km grids were randomly 

selected. In each of this 1km x 1km grids12 

households were randomly selected for enumeration.  

A survey included 270 households (30 households 

from each District). The survey was conducted 

between August 2017 and May 2018. Semi-structured 

questionnaires were used to collect data on the 

household social economic profile, marketing aspects 

and number of farmers growing different crops in the 

study area growing different crops. In total, 591 

farmers were covered for this assessment. In addition 

to the household interviews, Focus Group Discussions 

(FGD) was conducted, with the involvement of 

Agricultural extension staffs so as to get in-depth 

qualitative information of storage structures and their 

management. After the survey, four households were 

purposely selected based on their maize storage 

volume and type of storage structure or methods 

used. Then the identified methods were used for the 

study to assess the efficiency of the storage structure. 

 

Experimental design 

The experiment consisted of five treatments evaluated 

in a Randomized Complete Block Design (RCBD) 

with four replications. The treatments were:  

T1: Polyethylene bags without insecticides (untreated 

control);  

T2: Polyethylene bags with insecticide (Actelic supper 

or Shumba);  

T3: Metal Drums without insecticide;  

T4: Kihenge without insecticide;  

T5: PICS bag without insecticide.   

 

A piped ion stick of about 0.5 m long and 3.5 cm in 

diameter was used to draw 1kg/household of the 

maize grains from the top, middle, and bottom of 

each of the identified storage structure. In total, four 

maize samples representing four replications were 
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collected in each sampling location. Maize samples 

were kept in paper bags to prevent moisture 

alteration and transported to the NM-AIST laboratory 

for assessment. The same procedure was repeated 

throughout six-months consecutively i.e. from 

November 2017 to April 2018. In addition as back up, 

100kg of maize grains/treatment from farmer’s 

preferred maize variety were used to test effectiveness 

of the treatments i.e. in Polythene bags with 

insecticides, Polythene bags without insecticides 

(Actelic Super and Shumba from well certified/ 

registered Agro-dealers depending on farmer’s 

storage preference in each district and rates of 

insecticide application were based on manufacturer 

recommendations). PICS bags, Metal Drums filled to 

their full capacity depending on their sizes and 

Kihenge also filled to their capacity by farmers. In all 

cases, the researcher ensured maize grains for all the 

study farmers were standardized for the required 

quality to allow for the present experiments. 

 

Maize Grain Sample and Data Collection 

A random sample of 1kg grains was drawn from each 

of storage structures/methods and evaluated for 

insect damaged kernels. A handheld Grain Moisture 

Tester (MINIGAC1 was used to collect kernel 

moisture content. Kernel moisture data were 

collected on monthly bases from November 2017 to 

April 2018. Sampled grains were sorted to separate 

the unbored grain and insect damaged kernels, 

thereafter counted to calculate the percentage of 

insect damaged kernels in the sample following 

formula by Harris and Lindblad, (1978). 

 
 

 

Data analysis  

The data were processed and entered into an MS 

Excel 2010 spreadsheet and analyzed using R 

statistical software version 3.5.1. Statistical 

parameters such as frequency distribution table, 

descriptive statistics tables, Correlation tests, 

multivariate regression, P‒values, Coefficient of 

determinations (R‒squared), Akaike Information 

Criteria (AIC) and variables coefficients were input in 

model selection criteria based for a Stepwise 

Regression algorithm. Multivariate regression models 

were employed leading into the evaluation of maize 

postharvest losses under selected storage structures 

with respect to store time, so as to establish levels of 

maize grains postharvest loss on the identified 

storage structures with regards to store time. 

Significant differences in insect-damaged kernels 

parameters were concluded based on the statistical 

significance levels of their coefficient of the 

interaction at 05.0P . Furthermore, the 

Multicollinearity and significance of the predictors 

were tested based on the Variance Inflation 

Factor (VIF) for each predictor in the model as 

suggested by (Zuur et al., 2010).  

 

Results and discussions 

Maize Storage Structures in Northern Zone of 

Tanzania 

The results show that, five storage 

structures/methods namely Kihenge, Metal drums, 

PICS bags and Polyethylene bags with and without 

insecticides have been identified (Fig.1 and Fig. 5). 

Polyethylene bags and PICS bags were found to be the 

most dominant structures in most sites; Metal drums 

were common storage structure in Siha, Hai and 

Moshi rural while Kihenge were found to be 

dominant in Babati, Karatu and Monduli as clearly 

shown in Fig. 1. 

 

The results also indicated that the majority of the 

maize growers in the study area employ more than 

one storage structure/method at a time based on the 

storage purpose and the harvested volumes (Fig. 2).  

 

The most predominant storage structures among 

sampled households were the Polyethylene bag 

without insecticide treatment amounting (63%). The 

second common storage structures were Polyethylene 

bag with commercial insecticide Shumba or Actellic 

dust (Fig. 2). Polyethylene bags were either stacked 

on the floor in an upright position or stacked on top 

of one another in the kitchen area or in an empty 

room depending on the number of harvested bags. 

The Kihenge were established close to farmhouses 
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and were observed to be relatively inexpensive in 

terms of materials, though its construction requires 

intensive labor. The size of the structures was flexible 

and based on the grains volume to be stored. This 

storage structure was not dominant and counted for 

about 1% of the respondents and they were mainly 

found in Karatu, Hanang and Babati Districts. Maize 

grains stored under these structures were not treated 

with any kind of insecticides.  

 

Table 1. Household demographic characteristics of respondents covered in this study. 

Variable Levels Percentage 

Informal income earned Yes 

No 

10 

90 

Wage earned Yes 

No 

7 

93 

Health status Yes 

No 

92 

8 

Rent land availability Yes 

No 

81 

19 

Social groups Yes 

No 

35 

65 

Food security Yes 

No 

44 

56 

 

Another storage structure identified in the study area 

was Metal drums. This structure was highly dominant 

in Siha and Hai Districts and it accounted for about 

7% of the respondents. The capacity of one Metal 

drum was about 180kg. Maize grains stored in Metal 

drums were not treated with insecticide or any other 

treatment and they were mainly kept for household 

food consumption. The fifth storage structure 

identified was PICS bags. This structure was adopted 

by 13% of the sampled households; grains stored were 

mainly for food consumption. 

 

Table 2. Crops produced in cropping season 2016/17 in Northern zone of Tanzania. 

Crop Percentage Average 

harvest/kg/household 

Average Price/kg Average 

income/Tsh/household 

Maize 45.5 2013 577 1,221,017 

Sunflower 8.6 1387 2130 2,954,310 

Tomatoes 2 1286 345 9,815,154 

Beans 12.5 513 1354 576,572 

Pigeon peas 15.4 466 1366 679,846 

Coffee 2.4 425 2873 921,220 

Irish potatoes 4.7 427 439 1,787,900 

Other Crops 9.9    

 

Fig. 5 displays five identified storage structures, there 

were no separate room for maize storage, the store-

room were multipurpose with a lots of stuffs together 

with maize which might attract destructive organisms 

such as rodents. 

 

Household Livestock Value in Relation to the Storage 

Structure 

The results also showed that, there was an association 

between household with livestock and the application 

of insecticides (Shumba or Actelic dust) as one of 

storage structure. The average livestock and assets 

values of the household were 9,362,900.00Tsh and 

8,238,150.00Tsh respectively. Majority of the 

household are both crop farmers and livestock 

keepers, whereby about 90% of the household own 

livestock mainly local cow.  

 

This justifies their high purchasing power as well as 

decisions towards employed storage techniques.  
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Table 3. Income value of different activities in the study area during season 2017/18 cropping season. 

Sources  Averagei 

Off-farm income  670,600/year 

Wage and salaries  142,500/month 

Remittances  61,039/year 

Business  566,950/year 

Land rent  69,000/year 

Gift  18,700/year 

Livestock value  9,362,900.00 

iThe average value was calculated by total value of counted source entities in all household divided by number of 

household in the study area. 

Furthermore, there is an association between 

household livestock value and the application of 

insecticides as one of storage method with χ2 (233) = 

279, P‒value 0.021, whereby the two major 

insecticides applied were Shumba and Actelic dust. 

Boughton et al. (2007) reported similar findings that 

there is a high correlation between purchasing power 

of an individual and value of assets he/she is 

possessing. 

 

Social Economic Profile of the Study Area 

The majority (67%) of respondents had Primary 

Education and only few had education levels higher 

than Primary education (Table 1 and Fig. 2). Both 

males and female were highly involved in the study 

even though males comprised of 52% of respondents. 

The majority of respondent were within the age of 

15‒35. About 61% of the respondents were married. 

About 90% of the respondents were not employed 

and 44% of respondents were food secure (Table 1). 

Other social characteristics are as presented in Table 

1. 

 

Table 4. Access to social services by households in the Northern zone of Tanzania in season 2016/17. 

Services Mean 

distance/Km 

Median 

distance/Km 

Maximum 

distance/Km 

Distance from household to the animal market 6.5 5 40 

Distance from household to a water source 2.8 0 13 

Distance from household to crop market 5.4 4 40 

Distance from household to fertilizer shop 7 6 40 

Distance from household to certified seed shop 7.7 6 48 

Distance from household to health centers 3.6 2 35 

Distance from household to extension services 3.2 1 40 

Distance from household to the tarmac road 0.3 5 13 

Distance from household to electricity sources 3.4 1 25 

 

Crops Production Trend in for 2017/18 Season 

From the descriptive statistics (Table 2), maize was 

the main crop produced by the majority (45.5%) of 

the farmers with a production average of 2,013kg per 

acre household during the 2017/18 cropping season 

generating an average of 1,221,017 Tanzanian Shilling 

(TSH) per household. The price and total income 

from other crops in the study area Table 2. In the 

Northern Zone of Tanzania, maize is the main crop 

produced by majority of the household and hence 

standing as the most produced staple food in terms of 

volume and second cash earning crop, the 

conclusions are in line with Miller and Hayenga, 

(2001) who also confirmed that maize contributes to 

per capita energy consumption and incomes, 

especially in the developing countries. With this 

regards, inner grain storage motive is income security 

to the community.   
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Table 5. Association between storage structure and insect damaged kernels. 

Structures Metal drum Polyethylene 1 Kihenge Polyethylene2 PICS Bag %IDK 

Metal drum 1.000      

Polyethylene1 ‒0.267 1.000     

Kihenge ‒0.086 ‒0.097 1.000    

Polyethylene 2 ‒0.334 ‒0.380 ‒0.122 1.000   

PICS Bag ‒0.260 ‒0.296 ‒0.095 ‒0.371 1.000  

%IDK% ‒0.272 0.037 0.045 0.516 ‒0.378 1.000 

P‒values 0.114 0.0001*** 0.0001*** 0.0001*** 0.0787  

***, **And * = significant at P ≤0.001, 0.01and 0.05 respectively, Polyethylene 1= Polyethylene bag with Insecticide, 

Polyethylene 2= Polyethylene bag without Insecticide, IDK= Insect damaged kernels. 

Thus modeling of its storage structure with their 

respective store-time is of high importance so as to 

attain its equilibrium price.  

 

Average Income from Different Sources andAccess to 

Social Services by Households in Northern Zone of 

Tanzania 

Data on average income from different sources is  

presented in Table 3. Livestock had the highest value 

(9,362,900.00Tsh) followed by off farm income 

(670,600/year) while income from gifts was the 

lowest as it was only (18,700Tsh). The values of other 

income generating activities are as shown in Table 3. 

Majority of social services can be accessed by the 

household with an average distance ranging from 

2.8km to 7.7km (Table 4). However, few households 

were located up to 48km away from social service 

centers (Table 4). Major social services were close to 

most household within a range of 2.8km to 7.7km 

which ensure their accessibility. However, some few 

households were a bit far from the surveyed 

households (40km), making farmers incur some 

transportation cost, which in turn could slow down 

the adoption rate of new technologies. Following 

Gebremedhin and Hoekstra, (2007) line of thinking, 

individual’s accessibility to extension services is 

definitely linked to an increase in the adoption rate in 

improved agricultural technologies.  

 

Table 6. Insect damaged kernels under different maize storage structures/methods in the Northern zone of 

Tanzania during 2017/18 cropping season. 

Storage structure Total sampled grains *Total insect damaged kernels **% insect damaged kernels 

PICS Bags 1kg 121 1 

Metal drums 1kg 484 4 

Kihenge 1kg 2783 23 

Polyethylene bag with Insecticide 1kg 3509 29 

Polyethylene bag without Insecticide 1kg 5203 43 

* Total Damaged grains were counted throughout six months consecutive, **Insect damaged kernels %= (Total insect damaged 

kernels/ Total grains)*100. 

The strong empirical proof exists that shorter travel 

distances to markets increase the profitability of 

adopting the yield‒rising technologies (Diao et al., 

2008). Furthermore, access to social services 

enhances professional and social interactions among 

farmers which speedup technology adoption. Taking 

education level as a major factor toward technology 

adoption, there were slight variations in education 

level with regards to gender, females with no 

education exceed males by 4%, and females with post-

secondary education were 2% less compared with 

males (Fig. 2). As declared by Feder and Slade, 

(1984), educated farmers are assumed to be early 

adopters of new technology and are expected to be  
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more knowledgeable of advanced farming systems. 

 

Maize Postharvest Losses under the Prevailing 

Storage Techniques with Respect to Store‒Time 

Maize Insect Damaged Kernels under Different 

Storage Structures: From the correlation matrix 

shown in Table 5, Polyethylene bags without 

insecticide had high grain damage with large 

coefficient of correlation (0.516) and a significant 

P‒value of 0.0001, while the least grain damage was 

found to be on PICS Bags with insignificant 

coefficient of correlation of ‒0.378 (Table 5).  

 

Similar results were observed from the total loss 

percentage calculated, whereby Polyethylene bags 

without insecticide had about 43% of insect-damaged 

kernels while insect damaged kernels under PICS 

bags were 1% (Table 6).  

 

Table 7. Interaction between store‒time and insect damaged kernels under PICS bag during 2017/18 cropping 

season. 

Coefficients Estimates Std.Error t‒value P‒value 

Intercept 8.181826 0.050593 161.718 0.001*** 

IDK (January) ‒0.118456 0.045135 ‒2.624 0.01* 

IDK (February) 0.081999 0.042052 1.950 0.05* 

IDK (April) ‒0.018865 0.009618 ‒1.961 0.05* 

***, **And * = significant at P ≤0.001, 0.01and 0.05 respectively.  X=Insect damaged kernels with respect to 

store-time, Y=Total insect damaged kernels under PICS bag, IDK=Insect damaged kernel. 

From the results, PICS bags and metal drum were 

found to have no association with numbers of insect-

damaged kernels with a correlation of coefficient 

‒0.378,‒0.272 respectively and P‒value >0.05 (Table 

5). However, polyethylene bag without insecticide 

were found to have a strong association with insect-

damaged kernels with a correlation of coefficient of 

0.516. Maize Insect Damaged Kernels under Different 

Storage‒time: Results indicated that maize can be 

stored in the PICS bags throughout six‒month 

store‒time with minimum insect damaged kernels, 

contrarily to Polyethylene bag without insecticide 

which showed a significant increase in insect-

damaged kernels as store time increases (Fig 4). 

 

 In this figure, experiments were set in November 

2017 and monitored monthly for six month until April 

2018. 

 

Table 8. Interaction between store ‒time and insect damaged kernels under the Metal drum in 2017/18 cropping 

season.    

Coefficients Estimates Std. Error t‒value P‒value 

Intercept 8.033959 0.040561 198.072 0.001*** 

IDK (November) 0.123834 0.027238 4.546 0.001*** 

IDK (December) ‒0.029301 0.017265 ‒1.697 0.09 

IDK (January) 

IDK (March) 

IDK (April) 

‒0.056448 

0.056681 

‒0.018477 

0.017459 

0.018410 

0.009217 

‒3.233 

3.079 

‒2.005 

0.001*** 

0.01** 

0.05* 

***, ** And * = significant at P ≤0.001, 0.01 and 0.05 respectively.  X= insect damaged kernels under different 

store-time, Y= Total insect damaged kernels under Metal Drum, IDK= insect damaged kernels. 

It was clear that, normal bags without insecticides 

was consistently inferior to other methods and high 

infestation was noted as of month one (i.e. November 

2017) Fig 4. 

Maize Postharvest Loss under PICS Bags for Six 

Month Store-time: 

PICS bag scored the least coefficient of correlation 

‒0.378 which implies negative associations between 
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storage structure and insect damaged kernels i.e. the 

more grains stored under PICS bag number of insect 

damaged kernels reduced by 0.378 units (Table 5). 

Similar results have been observed from the 

descriptive statistics, whereby PICS bag was found to 

be the best in minimizing insect damaged kernels 

with least contributions (1%) (Table 5).  The observed 

results are in line with Hell et al. (2010) that, Purdue 

Improved Crop Storage (PICS) can preserve maize 

grain with less than 0.5% dry weight losses over a six 

month storage period in field tests without the use of 

chemicals. These results are highly associated with its 

building design which allows no oxygen circulation, 

thus there will be neither growth nor development of 

insect pest invaded grain in the field and on storage. 

As reported by William et al. (2017), the triple plastic 

linings inside PICS bag significantly hamper oxygen 

movement within the stored grain resulting in a 

negative response on the insect survival rate.  

 

Table 9. Interaction between store ‒time and insect damaged kernels under Polyethylene bag (with and without 

insecticide) in the Northern zone of Tanzania in 2017/18 cropping season. 

Coefficients Estimates Std.Error t-value P-value 

Intercept (with insecticide) 

Intercept (without insecticide) 

8.242355 

8.263875 

0.055938 

0.061862 

147.347 

133.585 

0.001*** 

0.001*** 

IDK January (with insecticide) 

IDK November(without insecticide) 

‒0.003121 

‒0.006950 

0.001239 

0.002765 

‒2.518 

‒2.513 

0.01** 

0.01** 

*** And ** = significant at P ≤0.001 and 0.01 respectively.   X=Insect damaged kernels with respect to store-time, 

Y=Total insect damaged kernels under Polyethylene bag, IDK= insect damaged kernels. 

Furthermore, from the generated multivariate linear 

regression model we found that maize grains can be 

stored in the PICS bags for six months consecutive 

with minimum insect damaged kernels considering 

its insignificant P‒value 0.06 and least AIC of ‒135.09 

(Table 7 and Model1). The results confer with Bauoa 

et al. (2012) that, PICS bags secure maize grains 

against storage insect pests with no insect damaged 

kernels throughout 6 months consecutively. Hence, 

PICS bags can be regarded as one of the improved 

storage structures to maize postharvest losses 

minimizations to sustain food security. In order to 

stimulate PICS bag adoption rate, there should be 

deliberate measures from all necessary stakeholders 

to ensure its accessibility and availability with 

affordable price contrary to the prevailing one i.e. 

5000Tsh/unit which seems to be expensive.

 

Table 10. Interaction between Storage Structure and Stored Grains Moisture Trends. 

Coefficients Estimates Std.Error t ‒value P‒value 

Intercept 8.118699 0.078611 103.277 0.001*** 

PICS bags ‒0.009196 0.007071 ‒1.301 0.1984 

Polyethylene bag without insecticide ‒0.009135 0.007675 ‒1.190 0.2387 

Kihenge 

Polyethylene bags with insecticide 

Metal drum 

‒0.003937 

‒0.004321 

0.035733 

0.014860 

0.002401 

0.007031 

‒0.265 

‒1.800 

5.082 

0.7919 

0.0769. 

0.001*** 

*** = significant at P≤ 0.001. 

Model 1:Y Jan, Feb, April = 8.18 ‒0.12xJan + 0.08xFeb – 

0.002xApril + C 

 

Maize Postharvest Loss under Metal drum for Six 

Month Store-time: 

Metal Drum can be ranked second storage structure  

in minimizing insect damaged kernels with a 

coefficient of correlation of ‒0.272 and P‒value 0.114, 

this indicates an inverse association whereby, 

numbers of insect damaged kernels are decreasing by 
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0.272 units after grains being stored under this 

structure. A similar result has been observed from the 

descriptive statistics accounting about 4% of the 

insect damaged kernels (Table 5 and 6). The results 

are similar to De Groote et al. (2013) which 

demonstrated that metal silos (Metal drum) were 

found to be effective in preventing stored maize 

against the larger grain borer and maize weevils with 

no any pesticides applications.  

 

Fig. 2. Distributions maize storage structures in the Northern Zone of Tanzania. 

Furthermore, Metal drum in our study proved to be 

effective in minimizing insect damaged kernels 

throughout six months store-time with P‒value of 

0.42and AIC of‒164.8 (Table 8 and model 2). Metal 

silos (Metal drums) are effective in controlling maize 

weevils and the larger grain borer without the use of 

pesticides for at least four months during storage 

under conventional storage systems (De Groote et al. 

2013; Teferra et al, 2012). Despite the efficiency 

observed under metal silo, its adoption involves some 

challenges such as; high initial investment cost and 

large storage space for the large storage volume. 

Regardless of the listed drawback, yet our conclusions 

are in line with the recommendation by 

Thamanga‒Chitja (2004) that, the use of Metal drums 

for grain storage results into households food 

security.  

 

Model 2: Y Nov, Dec, Jan, Feb, April = 8.03 + 0.123834xNov  

‒0.029301xDec ‒0.056448xJan + 0.056681xMarch 

‒0.018477xApril +C 

Maize Postharvest Loss under Polyethylene bags for 

Six-Month Store-time: 

To evaluate the maize insect damaged kernels under 

Polyethylene bag (with and without insecticide) with 

reference to store‒time, the results show that three 

month store‒time was found to be significant for 

Polyethylene bag with insecticide, while bags without 

insecticide was only significant after one‒month 

store‒time (November) after which it was 

insignificant (Table 9). Furthermore, Polyethylene 

bag with insecticide had a coefficient of ‒0.003with 

P‒value 0.01, Adjusted R‒squared 0.08andAIC = 

‒137.63, while, Polyethylene bag without insecticide 

scores a coefficient of ‒0.007, with P‒value 0.01, AIC 

= ‒137.6 and Adjusted R‒squared = 0.07561 (Table 

9). Furthermore, from the Multivariate Linear 

Regression model 3 have been generated to show the 

relationship between variables. 

 

Model 3: YJan= 8.242355 ‒ 0.003121xJan + C; Y Nov= 

8.242355 ‒ 0.006950xNov+ C 
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Polyethylene bags with insecticide are second 

dominant storage structure in the Northern Zone of 

Tanzania amounting 16%, whereby the insecticides 

preferred mostly were Actellic dust and Shumba. 

Similar to our findings, Kadjo et al. (2013) reported 

that the common insecticide used by 23% of the 

respondents in maize was Actellic dust. The high 

response of households toward Polyethylene bags 

with insecticide as their main storage structure might 

be highly associated with low cost and regular contact 

between farmers and extension services as a source of 

information (considering shorter distance averaging 

3.2km). Similar to our findings, Maboudou et al., 

(2018) asserted in his study that, availability of the 

insecticides and the applications knowledge fastening 

adoption.

 

Fig. 3. Education level of respondents covered in this study. 

On top of that, Pimentel and Levitan, (1986) reported 

that the growing trend in the applications of 

pesticides is highly influenced by its gradual prices 

increase with a comparison to other agricultural 

inputs. Regardless of the observed popularity, yet 

Polyethylene bags with insecticide have a significant 

contributions on maize postharvest losses amounting 

29%, similar results have been observed from the 

correlation matrix with a coefficient of correlation 

0.037 and P‒value <0.001, this implies that there is 

an increase of 0.037 units of postharvest losses in the 

cause of store grains under Polyethylene bags with 

insecticide 

 

Furthermore, from a multivariate regression models 

Polyethylene bags with insecticide have a justifiable 

three month store-time i.e. November, December and 

January with P‒value 0.01 AIC = ‒137.63,any 

additional store-time resulting in more postharvest 

losses as shown on (Figure 4). Contrarily to 

Mutambuki et al. (2012) findings, Actellic Dust 

among others insecticide it is highly effective in 

controlling P. truncatus, R. Dominica and S. zeamais 

throughout 24week store time. Therefore, the 

effectiveness of insecticide depends highly on the 

infestation level of the household site. Ofosu et al., 

(1998) documented that, Actellic super dust are 

efficient in almost three months store-time in low 

infestation zones. Hence, the insecticide inefficiency 

observed from the result might be highly associated 

high infestation zone of the studied area, ignorance of 

farmers on insecticide application i.e. proper dosage, 

observing expiring dates, timing and presence of 

counterfeit insecticide.  
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Fig. 4. Link between Insect damaged kernels and store-time during the 2017/18 season. 

With regards to farmers preference and taste, 

modifications on insecticide efficiencies are highly 

recommend, also much efforts should be geared on 

sensitization on the reasonable store‒time under this 

structure so that farmers can employ another storage 

structure or insecticide re‒application to secure grain 

losses. Lastly, there should be personal and physical 

guidelines from agro‒dealers to farmers on 

recommended dosage, application time, storage 

conditions, and expiring date etc. instead of relying 

on the attached leaflet so as to assume its maximum 

efficiencies.  

 

Maize Postharvest Loss under Polythene bags without 

insecticide for Six Month Store-time: 

 

Polythene bags without insecticide found to be the 

dominant storage structure employed with 63% of the 

surveyed respondents, despite its significant 

contributions in postharvest losses amounting 43%. 

Our findings are similar to Udoh et al., (2000) in his 

study conducted in Nigeria found that the common 

maize storage structure found in almost all the study 

area was Polythene bags without insecticide. 

Furthermore, there is a strong correlation between 

store-time and insect damaged kernels with a 

coefficient of correlation 0.516 and P‒value 0.001, 

which justify an increase in maize postharvest losses 

in the cause of store grains under this structure by 

0.516 units.  

 

Thamanga‒Chitja (2004) reported a similar result 

that, Polyethylene sacks without insecticide offers 

tiny defense alongside storage insect pests especially 

borers. From the result, with an increasing maize 

store-time under Polyethylene bag without insecticide 

the high number of insect damaged kernels 

experienced. Moreover, similar results have been 

drawn from the multivariate regression model which 

suggests one-month store-time i.e. November with 

P‒value 0.01, AIC‒137.6 (Table 9 and model 4). 

Thamanga‒ Chitja (2004) reported similar findings 

that the maize store-time under Polyethylene sacks is 

almost equivalent to the Kihenge store‒time which is 

almost six months with massive grains losses.  

 

The observed inefficient is highly associated with 

Polyethylene bag building materials which are weak 

in maize grains protection against insects especially 

borers, also the possibilities of the stored grains to 

absorb moisture from the floor in case of direct 

contact resulting into maize rotting. Thus, 
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improvements and modifications of the Polyethylene 

bags specifically on suitable building materials is 

highly recommended with an affordable shifting cost 

to farmers. Also, farmers should be equipped with 

necessary Polyethylene bags arrangement technique 

to avoid direct contact with the ground. 

 

Maize Postharvest Loss under Kihenge for Six Month 

Store-time: In this study, the traditional storage 

structure Kihenge experienced significant insect 

damaged kernels of about 23%. Similar results have 

been observed from a correlation matrix showing 

that, there were a significant number of insect 

damaged kernels in Kihenge with P‒value <0.001 and 

correlation of coefficient of 0.045, means that there is 

a significant association between postharvest losses 

and grain stored under Kihenge, whereby the more 

grains stored under Kihenge the 0.045 units of 

postharvest loss will be experienced (Table 5 and 6). 

 

There was no any suggested store-time under 

Kihenge basing on the multivariate regression model 

with a coefficient of intercept 8.15 and P‒value 

<0.0001 and this is highly associated with fewer 

numbers of observations. Basically, Kihenge was 

adopted with only 1% of the total respondents from 

the baseline survey (Fig 2). World Bank, (2011) also 

found that the traditional mud granaries (Kihenge) 

are being abandoned due to lack of knowledge on how 

to construct them, lack of space as they take up a lot 

of room even when empty compared with sacks, lack 

of ability to move them rapidly in case of fire or flood 

and less easy to market the stored grain rapidly.

 

Fig. 5. Different storage structures identified during the study. 

Moreover, Kihenge showed an increase in insect 

damaged kernels with respect to store-time (Fig 4). 

The situation can be highly associated with this 

storage structure because they have a lot of pore 

spaces on the roof, not airtight and highly exposed 

stored maize grains to sun and rain due to its weak 

construction and compositions. Thamaga‒Chitja et al. 

(2004) reported the similar conclusion that Mud and 

twig (kihenge) contains a lot of holes in its structure 

which allows rodent and other insect pest access to 

the stored maize leading into maize losses and grain 

quality and safety deteriorations. Cracks/holes inside 

this structure could have acted at the residence for 

most insect pests (Mhlanga, 2010). Considering its 
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building materials (mud and plant materials), the 

structure can be easily broken down resulting in 

maximum airflow as essential element attracting 

insect pests in storage.  

 

Moisture Content Variations under Different Storage 

Structure and Store‒time 

Moisture content in stored grains is an important 

component in grain physical value. The storage 

structures are considered to be efficient if moisture 

can be maintained to the optimum levels throughout 

the storage time (Cuevas et al., 2016). In this study, 

the multivariate linear regressions were generated to 

evaluate the interaction between storage moisture 

content trends and insect damaged kernels in the 

PICS bag, Kihenge, Metal drum, Polyethylene bags 

with insecticide and Polyethylene bags without 

insecticide. From the results, there were no 

significant variations in moisture content trends 

throughout six months store‒time in other four 

storage structure except Metal drum with P‒value 

0.01 and coefficient of 0.03573 (Table 10) indicating 

that there is a positive relationship between moisture 

content trend and store-time under this structure, 

whereby an increase in unit store-time resulting in an 

increase in maize grains moisture content by 

0.03573units.   

 

The results can be highly associated with the 

improper sealing of Metal drum lids and/or building 

materials as reported during focused group 

discussions.  

 

The similar scenario has been documented by Yusuf 

and He, (2011) that, to perfect metal silo protection 

against rodent and insects pest attacks on the stored 

grains, airtight sealing is very crucial. Following the 

same line of thinking, Thamaga‒Chitja et al., (2004) 

in a research conducted in Northern Kwazulu‒Natal 

reported that sampled respondents were tightly 

sealed the lids of the tanks with cow dung as remedies 

against maize rot in the cause of tanks sweating. Thus 

the effectiveness of the structure is highly 

recommended in the moderate temperature zone 

following proper grain drying chains. 

Conclusion 

In Northern Zone of Tanzania, harvested maize grains 

are usually stored in the traditional storage structures 

regardless of their efficiency in preventing 

infestations. Farmers need to be well informed on 

recommended store-time with respect to their storage 

structures so as to overcome food insecurity. 

Furthermore, the simple and affordable moisture 

meters should be readily accessible to the small‒scale 

farmer, advisory, to be integrated under the input 

subsidies scheme. Additionally, government and 

other stakeholders should develop a financial scheme 

to enable farmer’s accessibility to the improved 

structure with affordable switching cost. Lastly, more 

studies should be done on the prevailing maize grains 

drying chain apart from sun drying, to evaluate their 

efficiencies and intervention measures, considering 

the contributions of storage moisture content on 

grain quantity and quality losses.  
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