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 I. Introduction
 The use of silo bags for storing grain for human consumption has been adopted successfully in recent years in Latin American countries. Silo bags are widely used in Argentina for storing wheat, soybeans, corn, and sunflower. Silo bag usage in Argentina has increased from 5 million tons in the year 2000 to 40 million tons in 2008 (Casini, 2008). These are heavyweight plastic tubes, usually 8 to 12 ft in diameter, maximum 200 ft in length and depending on grain type can hold up to 200 tones. The bags are made of 800 micron thick extruded plastic material consisting of three layers, black on the interior side and white on the exterior. Silo bags are filled and emptied using specialized equipment (see fig 1a and b). A silo bag can be filled at a rate of up to 200 tons per hour and unloaded at 180 tons per hour. Silo bags are relatively water proof, sealed at both ends and have a high level of gas-tightness. As a result, respiration of biotic components in the grain mass (grain, insects, fungi) increases CO2 and decreases O2 concentrations creating an unfavorable modified atmosphere for pest (fungi and insects) survival. Modified atmosphere created inside the silo bag may offer an alternative to fumigation to control stored-product insects and mold growth during storage. Past studies have clearly shown that treatments based on reduced oxygen and high carbon dioxide contents are technically suitable to control arthropod pests in durable commodities (Fleurat-Lessard 1990; Adler et al. 2000; Navarro 2006). The CO2 gas has a toxic effect on stored-product insects. However, different insect species have different tolerance to hypercarbia (the effect of high carbon dioxide concentration is called hypercarbia), as well as the insect stage such as eggs, larvae, and adults (Navarro and Donahaye, 2005). Under self-modified atmospheres treatments, the increase on the CO2 concentration corresponds to a decrease in the O2 concentration, so a combined effect is obtained and insect killing could be achieved more easily due to a synergistic effect (Calderon and Navarro, 1980). Additionally, the plastic material of silo bags proved to be an efficient physical barrier that prevents insects from getting into the grain bag. To our knowledge, there are no studies evaluating the modified atmosphere created inside the silo bag during storage on the mold and stored-product insects activities. Further there are no studies on effect of modified atmosphere created inside the silobag on grain quality parameters. In this research project we aimed to study the effect of modified atmosphere created inside the silo bag in preserving the quantity and quality of stored wheat, and in managing pests (insect and molds, mycotoxins).
 II. Collaborators
 This project was performed by a joint collaboration project between the Department of Grain Science and Industry of Kansas State University and the National Institute of Agricultural Technology (INTA) from the division of INTA-Balcarce. The program was sponsored by Akron-Canada and IPESA Silo and it was conducted at the Manhattan Farmers Co-op and Chapman Farmers Co-op.
 III. Objectives (1) Evaluate commercial silo bags for preserving the wheat quality (moisture content, falling number, kernel weight, kernel hardness etc) during storage
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 (2) Assess silo bags for their effectiveness in preventing molds and mycotoxins, and controlling stored-product insects during storage, and (3) Demonstrate the silo bag grain storage system for farmers, and grain handlers
 IV. Materials and Methods
 a. Silo bag loading
 A field study was conducted to study the modified atmosphere created inside the silo bags for newly harvested wheat. The 2010 harvested wheat was stored in four silo bags of 50 tonnes capacity each for a period of 4 months at the farmers Co-Op, Manhattan, KS.
 The dimensions of the silo bags were 45 m (148 ft) long and 2.75 m (9 ft) in diameter. The CO2 concentrations in these silo bags were monitored during storage to check the quality of the grain and correlated to molds and stored-product insect activity.
 Fig 1a: Silo bag loading Fig 1b: Silo bag unloading
 b. Monitoring grain temperature and relative humidity:
 Grain temperature and relative humidity inside the silo bags were recorded using HOBO® data-logging units (Onset Computer Corp., Bourne, MA) (Fig. 2a). Two data loggers were used at each point (three points per silo bag), one at the top layer and the other 3 feet deep inside the grain (Fig 2b). These data loggers recorded temperature and relative humidity at an interval of 2 hours for up to 10 months.
 c. Monitoring CO2 concentrations:
 The CO2 concentrations were monitored in the silo bags monthly using a CO2 sensor (SilCheck, (SilCheck Company, Buenos Aires, Argentina).
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 d. Grain sampling for analyzing grain quality parameters:
 Grain samples were collected at the beginning, middle, and at the end of the storage season. The grain samples were analyzed for molds activity, grain quality parameters and for mycotoxin contents. All wheat quality evaluations (except for molds and mycotoxins analysis) were done at the wheat quality laboratory in the Department of Grain Science and Industry, Kansas State University, using official AOAC or AACC methods (AACC 1982, AOAC 1995, Atwell 2001).
 e. Single kernel characterization system (SKCS)
 A 20 g sample of wheat kernels from each composite silo bag sample were used to determine kernel weight, kernel diameter, moisture content and kernel hardness using a SKCS 4100 (Seedburo Equipment Company, Chicago, IL).
 f. Grain sampling for analysis of molds and mycotoxins Grain samples were collected from each silo bag (3 locations per bags) at an interval of 30 days using a sterilized grain trier/probe. The grain samples collected were divided in to top, middle and bottom layered samples to determine the prevalence of molds (cfu/g of grain), determine the percent kernel infections and distribution of mycotoxins (aflatoxins, fumonisin and vomitoxin/DON) using ELISA.
 g. Isolation, enumeration and identification of molds For isolation of molds from wheat the procedure described by Samson et al. (1996) were followed. Twenty five grams of representative samples were soaked in 250 ml of sterile peptone (0.1%) water for 30 minutes before stomaching for 2 minutes. One milliliter of the sample, serially diluted in 9 ml of peptone water and a 100µl sample from serial dilutions, were drop-plated on Dichloron Glycerol-18 (DG-18) agar medium (Oxoid chemicals, Hampshire, UK) and incubated at 35°C for 4-5 days in an upright position. After incubation the colony forming units were recorded to determine mold propagules per gram of wheat (cfu/g). To confirm the mold species at least to the species level, the isolates were sub-cultured on DG-18 agar medium and Potato Dextrose Agar Medium (PDA: Oxoid chemicals, Hampshire, UK), and observed under microscope for the morphology of spores and mycelia. The observations were recorded and then matched with descriptions given by Samson et al. (1996) for genus and species level identification where ever possible.
 h. Detection of mycotoxins using ELISA
 The levels of aflatoxin, fumonisin, and DON/vomitoxin in wheat samples were quantified using the AOAC (Association of Analytical Communities, Gaithersburg, MD) approved method based on an Enzyme Linked Immmunosorbent Assay (ELISA) kit (AgraQuant® mycotoxin ELISA test kits, Romer Labs Inc., Union, MO). Twenty grams of representative sample were ground and extracted using 70/30 (v/v) methanol/water. The extract were mixed and added to the antibody-coated microwell. Mycotoxins in samples and control standards will be allowed to compete with enzyme-conjugated mycotoxins for the antibody binding sites. After a washing step, an enzyme substrate was added for color (blue)
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 developments. A stop solution was then be added to stop the reaction which changes the color from blue to yellow. The microwells were measured optically using a microplate reader with absorbance filters of 450nm and a differential filter of 630nm. The optical densities of the samples were compared to the optical density (OD) of the standards to find the concentration of mycotoxin in a sample which were expressed in ppb or ppm.
 i. Stored-product insects bioassay:
 One of the objectives of this study is to evaluate silo bags for its effectiveness in controlling stored-product insects during grain storage. For this purpose we used economically important stored-product insect pest of wheat namely lesser grain borer (Rhyzopertha dominica). In the wheat silo bags, a foot long PVC pipe with 3.5” diameter sealed on both ends with 200 micron heavy duty mesh, filled with hard red winter wheat (80% volume of the PVC pipe) and 50 adult lesser grain borer insects of four weeks old were used. Six bioassay kits of lesser grain borer were inserted at three locations in each silo bag (Figure 2a) at top and inside the silo bag at three feet depth (Figure 2b). At the middle of the storage, three sets of stored-product insect bioassay kits were removed and examined for insect survivability and remaining three sets of insect bioassay kits were removed and examined at the time of unloading. Each stored-product insect bioassay kit had one HOBO® data logger to record temperature and relative humidity at an interval of 2 hours for 10 months. Triplicates of stored-product insect bioassay kits for lesser grain borer incubated 28°C with 60% RH in the laboratory served as control.
 j. Demonstration of silo bag grain storage system for farmers and grain elevator managers
 The silo bag grain storage demonstration was held at the Farmer’s co-op, Manhattan on Friday 23rd July, 2010. Here we demonstrated silo bag grain storage practices (loading and unloading) in association with the Kansas Wheat Commission and INTA, Argentina (National Institute of Agricultural Technology), Ipesa Silo USA and AKRON, Argentina. The silo bag demonstration was advertised the through USDA-Manhattan-KS, Kansas Wheat Commission and farmer’s co-op in Kansas. The demonstration was well received and was attended by scientists from the USDA-Center for Grain & Animal Health Research, staff of Kansas Wheat Commission, wheat farmers and managers of various farmer’s co-op around Manhattan, Kansas. During this event, we distributed the information brochure on silo bag grain storage to all the participants. While the demonstration was on, we organized live interactions with scientist, farmers, and managers of grain elevators to answer their queries. During this demonstration we showed how to load and unload the silo bag using loader and un-loader respectively.
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 Figure 2a. Longitudinal view of the silo bag and positions of HOBO® data loggers, grain sampling points, and places for insect bioassay kits.
 Figure 2b. Cross sectional view of the silo bag and positions of HOBO® data loggers, grain sampling point, and positions of the insect bioassay kits.
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 V: Results:
 Silo Bag Research Project-Farmers’s co-op Manhattan
 1. Evaluation of commercial silo bags for maintaining the wheat quality during storage
 Newly harvested hard red winter wheat at its normal storage moisture content was stored in four silo bags of 50 tons capacity each (1,833 bu) for five months. The HOBO® data-logging units (Onset Computer Corp., Bourne, MA) were installed inside these four silo bags to record grain temperature and relative humidity during storage (Figs. 1a and 1b). Two data loggers were used at each point of three points per silo bag-one at the top layer and the other at 3 feet deep inside the grain. These data loggers were programmed to record temperature and relative humidity at an interval of 2 hours for up to 10 months. Grain samples collected at the beginning, middle and at the end of storage season are analyzed at the Wheat Quality Laboratory in the Department of Grain Science and Industry, Kansas State University, to determine quality parameters such as test weight, falling number, moisture content, protein content and kernel hardness. The quality parameters of grain samples collected at the beginning, middle and at the end of storage season are summarized in tables 1 to 3. The grain temperature and relative humidity data showed that the top layer of each silo bag (close to the outer layer) followed the temperature profile of the environment. The middle and bottom points had different temperature profiles compared to the top point. Also, the relative humidity data at the middle and bottom points showed that it equilibrated with the internal environment conditions related to the stored wheat. In some cases, the bottom points had higher relative humidity values probably due to the higher moisture content values of the wheat located near the sampling points at the bottom compared to the values of the top of the silobag.
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Table 1. Grain quality parameters of wheat at the time of storage in commercial silo bags
 Sample Position Test weight Protein FN SKCS
 (lb/bu) (%) (sec)
 Weight (mg) Diam (mm) Hardness MC
 Bag A Top 61.6 12.57 404 28.45 2.61 17.48 11.63
 Middle 61.5 11.73 397 28.73 2.63 17.36 11.54
 Bottom 61.7 11.73 383 28.56 2.60 17.33 11.61
 Bag B Top 55.9 12.95 412 28.81 2.59 18.20 12.32
 Middle 55.8 12.29 441 27.47 2.55 18.63 12.30
 Bottom 56.1 13.12 425 27.67 2.54 18.09 12.39
 Bag C Top 61.5 12.61 392 26.78 2.56 18.84 11.18
 Middle 61.2 12.62 407 27.37 2.58 17.08 11.41
 Bottom 61.4 12.43 396 26.52 2.54 18.22 11.35
 Bag D Top 61.2 12.90 413 27.65 2.59 17.74 11.21
 Middle 61.0 13.10 426 28.04 2.60 17.23 11.64
 Bottom 61.2 13.20 426 27.67 2.59 16.23 11.53
 FN: Falling number, SKCS: Single kernel characterization system, MC: moisture content
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 Table 2. Grain quality parameters of wheat after two months of storage in commercial silo bags
 Sample Position Test weight Protein FN SKCS
 (lb/bu) (%) (sec)
 Weight (mg) Diam (mm) Hardness MC
 Bag A Top 60.5 13.05 596 28.46 2.63 74.60 10.66
 Middle 60.6 13.25 538 28.63 2.63 74.85 10.72
 Bottom 60.4 12.88 502 29.02 2.64 72.95 11.12
 Bag B Top 60.1 13.85 499 28.0 2.57 70.98 10.38
 Middle 59.0 13.25 535 28.87 2.60 68.92 11.11
 Bottom 59.1 13.27 566 28.93 2.62 67.41 11.06
 Bag C Top 60.4 12.57 545 27.96 2.56 70.00 10.75
 Middle 60.5 12.83 537 28.00 2.61 72.91 10.82
 Bottom 60.6 12.81 552 26.29 2.54 74.22 10.87
 Bag D Top 59.9 13.18 620 27.72 2.57 73.51 10.68
 Middle 60.2 13.33 558 28.45 2.60 72.93 10.73
 Bottom 60.5 12.98 562 27.76 2.58 74.69 10.61
 FN: Falling number, SKCS: Single kernel characterization system, MC: moisture content
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 Table 3. Grain quality parameters of wheat after four months of storage in commercial silo bags
 Sample Position Test weight Protein FN SKCS
 (lb/bu) (%) (sec)
 Weight (mg) Diam (mm) Hardness MC
 Bag A Top 59.8 12.9 504 28.25 2.61 69.18 11.37
 Middle 61.1 12.66 478 27.79 2.58 70.63 11.13
 Bottom 61.1 13.01 480 28.99 2.64 71.51 11.23
 Bag B Top 53.2 13.43 492 27.78 2.56 65.71 11.46
 Middle 54.4 13.29 484 27.38 2.50 64.94 11.50
 Bottom 54.9 13.13 477 27.59 2.52 65.71 11.53
 Bag C Top 60.5 12.55 471 28.33 2.60 74.01 11.13
 Middle 60.5 12.73 480 26.87 2.56 75.91 11.07
 Bottom 60.5 12.48 502 26.73 2.55 71.23 11.05
 Bag D Top 61.3 13.13 512 27.70 2.60 71.64 11.19
 Middle 60.9 12.93 496 27.57 2.59 73.03 11.28
 Bottom 61.4 13.03 512 27.73 2.61 72.54 11.29
 FN: Falling number, SKCS: Single kernel characterization system, MC: moisture content
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2. Assess the commercial silo bags in protecting the wheat grain against lesser grain borer
 (Rhyzopertha dominica)
 The objective of this study is to evaluate silo bags for its effectiveness in controlling an important stored- wheat insect during storage. A foot long PVC pipe with 3.5” diameter was fabricated and sealed on both ends with 200 µm opening heavy duty mesh. These PVC pipes were filled with hard red winter wheat (80% volume of the PVC pipe) and 30 unsexed adults of mixed ages. These stored-product insect bioassay kits were inserted in two silo bags at three locations in a silo bag, one at top and the other at three feet deep. One HOBO® data logger was installed in each insect bioassay kit to record the temperature and relative humidity for five months at an interval of two hours. Six stored-product insect bioassay kits were incubated at 28°C with 60% RH in the laboratory will serve as control. Table 4 provides data on number of insects at the beginning, middle and at the end of storage season.
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 Table 4. The number of adult lesser grain borer, Rhyzopertha dominica during storage in commercial
 silo bags
 Time Silo bag Position of insect-bioassay kit in silo bag
 Top Middle Bottom
 At the time of storage
 Bag C-top 30 30 30
 Bag C-bottom 30 30 30
 Bag D-top 30 30 30
 Bag D-bottom 30 30 30
 Control (at 28°C, and 60% RH in lab) 30 30 30
 Two months after storage
 Bag C-top 197 - 186
 Bag C-bottom - 211 -
 Bag D-top 220 - 231
 Bag D-bottom - 229
 Control (at 28°C, and 60% RH) 3122 2866 3210
 Four months after storage
 Bag C-top - 227 -
 Bag C-Bottom 290 - 311
 Bag D-top - 285 -
 Bag D-Bottom 308 - 332
 Control (at 28°C, and 60% RH) 4450 4300 4015
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 3. Monitoring the carbon dioxide (CO2) concentrations inside silo bags during storage
 The CO2 concentrations in four silo bags were monitored every month using a CO2 sensor (SilCheck Company, Buenos Aires, Argentina) as an indirect indicator of wheat quality, mold and stored-product insects activities during storage. Table 5 shows the change in CO2 concentration in silo bags during storage.
 Table 5: The change in the CO2 concentration (ppm) in commercial silo bags containing wheat during storage
 4. Assess the commercial silo bags in controlling the molds and mycotoxins
 Grain samples were collected from each silo bag (3 locations per bag) at the beginning, middle of storage and at the end of storage season using a sterilized grain trier/probe. The grain samples collected were divided into top, middle and bottom layered samples to determine the prevalence of molds, and level of mycotoxin contamination (aflatoxins, fumonisins and vomitoxin/DON) using ELISA. All the microbiological analyses were carried out at the Grain and Feed Microbiology and Toxicology Laboratory, Department of Grain Science and Industry, Kansas State University. Tables (5 to 7) provide details on molds and mycotoxin levels in wheat during storage.
 Date Bag A Bag B Bag C Bag D
 Point
 1
 Point
 2
 Point
 3
 Point
 1
 Point
 2
 Point
 3
 Point
 1
 Point
 2
 Point
 3
 Point
 1
 Point
 2
 Point
 3
 08/26
 /2010
 0.730 0.680 0.640 1.44 1.70 1.190 2.49 0.310 1.140 0.56 0.320 0.570
 09/16
 /2010
 1.170 1.260 0.160 2.45 1.820 1.580 2.27 1.310 1.680 1.58 0.930 1.180
 10/05
 /2010
 0.50* 1.630 1.540 1.35 1.32 0.77 1.31 1.82 1.610 1.64 1.38 1.70
 11/2/
 2010
 0.800 0.75 0.300 2.63 1.510 0.110 0.40 1.710 1.680 1.04 0.79 1.46
 12/7/
 2010
 0.65 0.69 0.26 0.30 0.88 0.36 0.53 0.65 0.77 0.33 0.41 0.49
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 Table 5. Molds and mycotoxins levels in wheat at the time of storage in commercial silo bags
 Sample Grain Molds Mycotoxins
 samples (mean cfu/g) Aflatoxins Fumonisins Vomitoxin
 (ppb) (ppm) (ppm)
 Bag A Top 1.3 × 102 0 0.1 0.1
 Middle 1.3 × 102 0 0.4 0.3
 Bottom 2.0 × 102 0 0.7 0.5
 Bag B Top 1.3 × 102 0.2 0.0 0
 Middle 1.3 × 102 0.7 0.1 0.1
 Bottom 2.1 × 102 1.3 0.2 0.4
 Bag C Top 1.2 × 102 0 0.1 0
 Middle 1.6 × 102 0.1 0.4 0
 Bottom 2.1 × 102 0.5 0.5 0.35
 Bag D Top 1.2 × 102 0 0.1 0
 Middle 1.5 × 102 0 0.4 0.1
 Bottom 2.5 × 102 0.4 0.7 0.5
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 Table 6. Molds and mycotoxins levels in wheat after two months of storage in commercial silo bags
 Sample Grain Molds Mycotoxins
 samples (mean cfu/g) Aflatoxins Fumonisins Vomitoxin
 (ppb) (ppm) (ppm)
 Bag A Top 1.3 × 102 0 0.1 0.3
 Middle 1.5 × 102 0 0.5 0.4
 Bottom 2.6 × 102 0.3 0.7 0.6
 Bag B Top 1.5 × 102 0.4 0 0.1
 Middle 1.5 × 102 0.8 0.2 0.2
 Bottom 2.1 × 102 1.4 0.3 0.8
 Bag C Top 1.3 × 102 0 0.3 0.1
 Middle 1.8 × 102 0.2 0.5 0.4
 Bottom 2.3 × 102 0.6 0.5 0.5
 Bag D Top 1.4 × 102 0 0.1 0
 Middle 1.7 × 102 0 0.4 0.1
 Bottom 2.7 × 102 0.7 0.7 0.6
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 Table 7. Molds and mycotoxins levels in wheat after four months of storage in commercial silo bags
 Sample Grain Molds Mycotoxins
 samples (mean cfu/g) Aflatoxins Fumonisins Vomitoxin
 (ppb) (ppm) (ppm)
 Bag A Top 1.6 × 102 0 0.2 0.4
 Middle 1.4 × 102 0.1 0.5 0.5
 Bottom 2.2 × 102 0.4 0.8 0.8
 Bag B Top 1.6 × 102 0.5 0 0.2
 Middle 1.4 × 102 0.9 0.3 0.3
 Bottom 2.2 × 102 1.7 0.6 1
 Bag C Top 1.6 × 102 0 0.2 0.2
 Middle 1.8 × 102 0.2 0.5 0.4
 Bottom 2.6 × 102 1.1 0.8 0.7
 Bag D Top 1.4 × 102 0 0.2 0
 Middle 1.8 × 102 0.1 0.7 0.1
 Bottom 2.8 × 102 1.2 1 0.6
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 VI: Outcome
 Based on the results obtained during the 4-months research trial, the following outcome was observed:
 • The usage of silo bags for fresh harvested wheat storage did not had any significant effect on the wheat quality parameters of test weight, protein, falling number, and moisture content. The only difference was shown for the wheat of the 2-months samples which had higher protein content due to the decrease of the moisture content caused by the equilibration of wheat with the environmental conditions (higher temperature during July and August), but after 4-months the moisture and protein content of the samples reached back to the similar values that it had when the wheat was initially stored as it equilibrated with lower temperature and relative humidity conditions.
 • The data collected for the single kernel characteristics for the wheat samples showed no significant difference between them, therefore, no physical damage or shrinking of the kernels occurred during the storage in the silo bags.
 • The insect bioassays data showed that under silo bag conditions, insects reproduced between 6 to 7 times to its initial count number after 2 months and 9.5 to 10.5 times after 4 months of storage. At the same time, the insect bioassays in the control chamber at perfect growing conditions of 28ºC (temperature) and 60% relative humidity, reproduced up to 100 times after 2 months and 130 times after 4 months of storage from its initial count number. Insect population was slightly higher in the bioassays located at the bottom layers of the silo bag due to the higher environmental conditions. Overall, insects can reproduce at higher rates in perfect growing conditions that inside the silo bags due to the semi-hermetic effect the plastic layers of the silo bags have on the stored wheat.
 • The measurement of CO2 concentrations in the four silo bags showed a range of normal values for good condition grain which varied in some cases due to the ruptures and holes present in the silo bags that were patched in a timely manner. The CO2 concentration was always higher during the warmer months throughout the duration of the trial due to the higher respiration of the wheat caused by the higher internal conditions of temperature and relative humidity. . The CO2 concentration measurements were proven as a good tool for determining grain deterioration and if there was a rupture in the silo bag due to the change of normal concentration values.
 • Mold and mycotoxins levels were always slightly higher at the bottom layers of wheat inside the silo bag due to the higher environmental conditions that trigger mold growth and its mycotoxin production. As the storage period increased its length, the mold and mycotoxins levels also slightly increased, but to values that were below the maximum permitted
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 levels for human or animal consumption (aflatoxins 20 ppb, fumonisins 5 ppb, and vomitoxin 5 ppb depending on the animal species). Overall, the usage of silo bags showed no effect to promote mold and mycotoxin growth due to its semi-hermetic effect produced by the plastic layers of the silo bag.
 • A pressure test was developed to measure the hermetic of the silo bags, but further research is being conducted to fully comprehend and standardized the test.
 VII: Photos
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