
 

 

Identification of key physical, chemical and biological 
components involved in soil and root health as a means to 

develop sustainable production systems for corn and 
soybeans  

 

Project phase-I 

         Photo courtesy of Mr. Dean Glenney 

2012 REPORT by   

George Lazarovits, Rafiq Islam, Kristen Delaney, B. Pratyusha Chennupati, Dave Rodriguez, 

Atheer Zarir, Stephanie Authier, Claire Jouan and Jae-Min Park  

 

A&L Biologicals 

Agroecology Research Services Centre 

2136 Jetstream Road 

London, ON, Canada, N5V 3P5 

519-457-2575 ext 246 cell 519-878-1323 

Lazarovitsg@alcanada.com 

  

Investment in this project has been provided by Agriculture and Agri-Food Canada through the Canadian Agricultural Adaptation Program (CAAP). In 
Ontario, this program is delivered by the Agricultural Adaptation Council. The funding from the Grain Farmers of Ontario is gratefully acknowledged.  

mailto:Lazarovitsg@alcanada.com


 

 

ii 

 

INDEX Page 

ABSTRACT........................................................................................................................ 1 

SUMMARY ……………………………………………………………………………... 2 

INTRODUCTION ……………………………………………………….………..…….. 7 

OBJECTIVES ………………………………………………………………………....... 9 

MATERIALS AND METHODS……………………………………………………….. 10 

RESULTS AND DISCUSSION ……………………………………………………....... 17 

Section 1: Physical properties of G and H sites soils……………….................................. 17 

Section 2: Differences between G site and H site corn production practices…………….. 18 

Section 3: Determination of population and vigor of the G and H sites crops………….... 21 

Section 4: Comparisons of corn plant biomass at G and H sites at different growth                            

                 stages................................................................................................................... 23 

Section 5: Measurements of chlorophyll contents of G and H sites corn plants………..... 27 

Section 6: Root biomass, structure and health of corns grown in G and H fields.....…….. 28 

Section 7: Corn grain yields at G and H sites…………………………………………...... 34 

Section 8: Chemical analysis of G and H field soils and corn leaves at different growth 

                 stages……………………………………………………………………........... 39 

Section 9. Estimation of soil microbial activity, biomass and mineralizable nitrogen........  44 

Section 10: Microbial population diversities in G and H sites............................................ 47 

Section 11: Residual analysis of pesticide in G and H sites soils……………................... 58 

Section 12: Soybeans production in G site corn field…………………………………...... 58 

RESEARCH IN PROGRESS............................................................................................ 65 

ACKNOWLEDGEMENTS …………………………………………………………..... 65 

LITERATURE CITED ………………………………………………………………… 66 

APPENDIX A: Additional materials and methods............................................................. 69 

APPENDIX B. Analysis of mushroom compost applied at G site………………………. 70 

Appendix C. Soybean plants infestation by the pests......................................................... 71 

 

 



 

 

1 

 

ABSTRACT 

 

 This study aims to identify factors that account for the differences in crop productivity 

found between the two different agricultural productions practices in fields in the same district 

each planted with an identical cultivar of corn seed. In one field conventional production system 

is used and it generates average yields (H site) for the area whereas, in the other a no-till strip 

agroecosystem was established over a decade (G site) and yields here are significantly higher 

than the average of the area. Over a crop season we examined the rate of growth of the corn 

plants, the soil and crop fertility, and the microbial population on and in plants in plots 

established at both sites. Seedlings at the G site were severely impacted in growth in the early 

stages by pests and possibly by toxic materials present in mushroom compost applied to the field. 

However, by 60 days after planting (DAP) the plants showed very vigorous growth and most 

available nitrogen had been removed from the soil. At the H site growth was very vigorous at the 

early stages but by 60 days the growth became constant and high amounts of residual nitrogen 

remained in the soil even at harvest.  

 Analysis of microorganisms associated with plant tissues by plating on selective agar 

media and by molecular techniques indicated extensive colonization of the internal tissues of 

plants from both sites. However, the bacterial communities in/on G site plants were significantly 

different in diversity and composition from that found associated with plants from the H site. 

Interestingly, much less diversity of bacteria was found in plants from the G site that from H site 

plants suggesting that disturbing the soil on a yearly basis may disrupt potential plant growth 

promoting communities that come to colonize the surfaces and insides of plants. A collection of 

bacteria isolated form plants has been made and the community structures are being examined in 

more detail. The bacteria are being tested for various beneficial growth promoting properties 

such as nitrogen fixation, phosphate solubilization, and biological control. Such analysis is 

expected to provide information to distinguish the microbial community structures and dynamics 

in high yielding and average yielding corn production systems.  
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SUMMARY 

 

 Soil agroecosystems are considered to be the most complex biological systems on the 

planet and the most poorly studied. We have been given the opportunity to compare a 

conventional production system, with average yields, to a novel no-till agroecosystem where 

yields have been shown be significantly higher than the average found in the area. We 

hypothesized that yield increases are directly related to the alterations in microorganism biology 

arising from the production practices. A major objective of the study is to identify if changes in 

the microbiology in soils and plants is contributing to this increased yield. For this we need to 

identify what measurement tools best uncover the key factors that comprise soil and root health. 

We are also looking to identify as to when and where in soils and plant tissues the measurements 

should be made. In the first phase of the project, variety of physical, chemical and biological 

factors were compared between a known high yielding corn production field (refers to G site) 

and an average yielding field (refers to H site) as indicated below. 

  

1. Experimental plots were established in two fields, termed G and H site at Dunnville, Ontario. 

Planting and cultural management were performed by the growers using their normal production 

practices. Soil at the G site is light brown and loose to the touch, whereas at the H site soil is 

darker in color and is more compacted. G site soil has a higher percentages of sand (63.5%), silt 

(22.5%) and lower level of clay (14%) compared to H site, where the soil has 59% sand, 18% silt 

and significantly higher percentage of clay (23%).  

 

2. The production practices at the two sites differed in major ways. The G site uses a no till 

system and corn and soybeans are planted in strips and the crop is alternated yearly for over ten 

years. Corn is planted in 8 inch double rows and the seed is placed at 10 inch distances, with a 22 

inch gap between the double rows. At the H site soil is ploughed yearly before planting and two 

years of corn production is followed by a year of soybeans. The corn is planted on a 30" row 

spacing and 6" seed spacing. The G site was planted on May 5 at 38,000 seeds acre
-1 

and at the H 

site on May 17, 2012 at 34,000 seeds acre
-1

. At the G site fertilizer was applied at 205 lbs N, 54 

lbs P2O5, and 45 lbs K2O acre
-1

, while at the H site fertilizer rates were 190 lbs N, 25 lbs P2O5, 

and 60 lbs K2O acre
-1

. At the H site 90 lbs of urea acre
-1

 was incorporated into bands during 

cultivating the field. Corn and soybean fields were mulched with corn stubble at G site, which 
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was not done at the H field site. The G site soil was also amended with 2 tons acre
-1

 of 

mushroom compost and was irrigated once in July, 2012. Pioneer Hi-Bred corn variety, P0216 

AM-R was plated at both site and both had tile drainage systems.    

3. At 26 days after planting (DAP) emergence was at 7.2 plants m
-2

 at the G site and 7.8 plants 

m
-2

 at the H site. The emergence of plants at the G site was uneven and many plants were stunted 

at this stage. This was attributed to the presence of snail damage and possibly to the negative 

effective of the high salt content of the mushroom compost applied. In contrast, plants at the H 

site were very uniform emergence and showed excellent growth at this stage. Plant vigor at 26 

DAP at G site varied from 2.1 - 3.2 (on a 1-4 scale) and at the H site from 3.4-3.8. 

          

4. Total plant biomass (roots, stems, leaves and cobs when formed) of 20 plants were measured 

from each of four replicate plots at 26, 60 and 87 DAPs. At 26 DAP, plants at the G site had 

significantly lower biomass (13.6 g) than those at the H site (29.2 g) but by 60 DAP biomass at 

the G site was 637.1 g compared to those at the H site which had an average weight of 500.0 g. 

The differences were even larger by 87 DAP when the average biomass at the G site was 1091 g, 

which was 172 g per plant higher than the H site average biomass (919g).  

 

5. Chlorophyll content of plants at the G site at 26 DAP averaged 41 SPAD units which by 60 

DAP increased to 54 SPAD units and 56 units by 87 DAP. The chlorophyll contents of H site 

plants at 26 DAP were at 45 SPAD units but they only increased marginally by 60 and 87 DAP 

to 49 SPAD and 48 SPAD units, respectively. Thus plants at the G site had greater capacity for 

biosynthesis of sugars at most growth stages and this correlates well with the higher plant 

biomass, better root structure, and increased corn yields seen at the G site.       

 

6. Root growth of plants at the G site was less developed than that of plants at the H site at 26 

DAP. By 60 and 87 DAP average root biomasses of G site corn were 75.4 g and 174.2 g, 

respectively compared to roots of H site plants where average roots weight were 68.1 g and 

128.5 g at the same growth stages. Root systems of G site plants were larger, more branched, 

thicker, and longer than those collected from the H site. The numbers of nodal roots, which are 

crucial in supplying the majority of water and mineral nutrients to plants, were also greater and 

better developed on G site plants. Roots from both sites appeared healthy at the early stages of 
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growth, but occasional scattered brown lesions were found on roots of H site corn whereas, tip 

necrosis was more common on roots of corn from the G site. Incidence and severity of root 

infections increased to a greater extent on G site corn than plants from the H site. Isolation and 

molecular analysis of fungi from lesions identified species of Fusarium (F. oxysporum, F. 

graminearum etc.) as being the predominant root pathogens at both sites.  

 

7. Measurement of cob size, kernel size, kernel weight and grain yield showed all parameters to 

be higher with cobs from corn from the G site compared to those from the H site. The average 

cob sizes (length: 20.8 cm, diameter: 5.4 cm) and kernel height (14.2 mm) of G site crops were 

significantly greater than similar measurements of cobs from the H site (length: 17.7 cm, 

diameter: 4.9 cm) and kernel height (12.8 mm) (p<0.01). Average kernel length (8.75 mm) and 

diameter (5.1 mm) of G site corn was slightly higher than that from the H site (kernel length: 8.6 

mm, diameter: 5.0 mm). Significantly greater numbers of kernels per cob (707) were found with 

G site crops than from the H site, which contained on average 540 kernels per cob. On average G 

site plants yielded 191 g of grain per plant, which was significantly higher than found with H site 

cobs of 131 g per plant. The yield at the G site was estimated to be 220 bushels acre
-1 

and at the 

H site 160 bushels acre
-1 

based on our initial plant counts. However, plants emerged after our 

count at the G site and yields of 250 bushels acre
-1

 were determined by the grower. The yields in 

other plots at the G site as provided by the grower averaged 301.9 bushels acre
-1

 from similar 

areas where he had applied compost and 3” irrigation water during crop growing season. 

Nutritional values, namely protein, starch, P, K and Mg were similar in grains harvested from the 

two fields but grain from the G site contained higher amount of Fe (23.2 ppm) and Mn (4.2 ppm) 

compared to H site corn seeds (Fe: 17.6 ppm and Mn: 3.0 ppm).  

 

8. The present study compared the soil compositions and nutritional status of soils and plant 

leaves between the two field sites at different crop growth stages, since those factors influence on 

the quality and crop yield. The analysis revealed that G site soil had lower levels of cation 

exchange capacity (CEC) (9.7 meq 100g
-1

) and organic matter (OM) (3.1%), as compared to H 

site (CEC 19.9 meq 100g
-1

) and OM (6.2%). The aggregate value of NH3-N + NO3-N was much 

lower (92 ppm) in H site soil compared to that at the G site (135 ppm) at 26 DAP, possibly 

because it was banded. However, 96% of the available NO3-N was removed from the G site soil 
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by 60 DAP, whereas only 55% of the NO3-N was eliminated during the whole plant growth 

period at the H site. This suggests more efficient use of NO3-N by the G site crops. Interestingly, 

plant available P concentration in G site soil increased from 10% to 18.5% over the season while 

P levels at the H site (8%) remained constant during season. We are examining if the G site soil 

harbors microorganisms capable of solubilizing phosphate. Potassium (K) and magnesium (Mg) 

ratios (0.21-0.29) were closer to the optimum (0.3-0.4) at the G site than at the H site where the 

ratio was lower (0.14-0.21). Micro nutrients, including Ca, Cu, Al, S and Zn were found to be in 

excessive concentrations at the H site. G site soil contained only moderate concentrations of 

these micronutrients, except Mn, Na, and soluble salts that at excessive levels. Soluble salts were 

present at toxic level at 26 DAP, likely because of the application of mushroom compost.  

 Analysis of nutritional levels on the corn leaves revealed that plants at both G and H sites 

contained high levels of N, Fe, Cu and Al at all growth stages. Total N (NH3-N + NO3-N) levels 

were similar in both G (3.9-4.8%) and H sites (3.7-5.0%). The N quantity decreased slightly in 

both crops as growth increased. However, at 60 DAP a very high percentage (0.29%) of NO3-N 

was found in G site leaves compared to leaves at the H site (0.18%). The amounts decreased to 

~0.13% at both sites by 87 DAP. Levels of K, Ca, and B were considered to be less than optimal 

in tissues from both sites, although concentrations were higher in tissues from B than G site. 

Optimal concentrations of P, Mg, S, Zn and Mn were found in leaves at both sites but Na levels 

(0.06%) were excessive in G site leaves at 26 DAP possibly due to the mushroom compost. As 

soil was collected from the root ball 96% of the plant available soil NO3-N was already depleted 

by 60 DAP at the G site, where very vigorous growth was found at the latter stages of growth.  

 

9. Microbial activity in soils from both fields, as determined using the SOLVITA system, were 

similar and deemed to be at high levels. Microbial activities decreased by 30-50% at the G and H 

sites, respectively at 60 DAP and remained low at 87 DAP in G soil but returned to initial 

activities by the fall sampling in both soils. This implies that both soils support excellent 

biological fertility. It does not however, reveal what relationship may exist between microbial 

biomass and mineralizable nitrogen and plant productivity. 

   

10. The microbial populations of soils, roots, and stem juices were evaluated to examine 

diversity and dynamics and potential role they may play in corn and/or soybean productivity. 



 

 

6 

 

Using agar plating of bulk soils collected from G site corn and soybeans sites and H site corn 

showed significant microbial diversities among the field soils. The lowest numbers of microbial 

species were observed in soils from the G site soybeans, which were previously planted with 

corn. Plating of the corn stem sap revealed extensive colonization of corn plants by endophytic 

bacteria in both G and H site plants. In most instances homogeneous endophytic microbial 

communities were found in stem juices from G site corn, whereas the communities from H site 

corn were more diverse and very distinct from those found in G site corn.  

Selected microorganisms isolated from rhizosphere soils, washed roots, and stem juices 

from G and H sites were identified by molecular analysis. The predominant organisms were 

members of Pseudomonas spp. (84%) in all types of samples collected from the G site. Of the 

total number of isolates analysed from H site, only 48.3% belonged to the genera Pseudomonas, 

18.3% belong to Bacillus the remainder to Enterobacter, Flavobacterium, Methylobacterium, 

Pantoea, Chryseobacterium, Stenotrophomonas, Streptomyces, Arthrobacter and Agromyces. 

Many species of Pseudomonas are known plant growth promoters and biological control agents 

via capacity to produce high levels of antibiotics. The fluorescent Pseudomonads are associated 

with disease suppressive soils. Terminal restriction fragment length polymorphism (TRFLP) 

technique, which has the capacity to fingerprint the microbial profiles based on the most 

common organism present, was utilized to verify the significant differences observed in the stem 

sap samples of corn form the two sites. The data confirmed that statistically significant 

differences exist in the microbial populations in the stem juice, i.e. endophyte bacteria, in plants 

at the V10 (60 DAP) stage collected from the G site compared to populations found from plants 

at the H site. This confirms the data obtained by plating of these sap samples on various agar 

media and sequencing selected isolates. By the R1 (87 DAP) stage however, a slight overlap in 

the TRFLP profiles was found from the plants collected from the two field sites but the trend 

remained similar as found at the V10 stage. The impact these microorganism have on corn 

growth will be evaluated this winter. 

11. Since G site follows corn-soybean rotation in alternative year, we collected same data from G 

site soybeans field as of G site corn field. The data will be compared with the next year's results; 

we are particularly interested in exploring the changes of microbial communality behavior due to 

effect the crop rotation. This will help to understand if the presence or absence of certain 

microbial populations involved in corn productivity at G site.            
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INTRODUCTION 

 

Crop productivity can be affected by many factors including cultural practices, soil 

composition, environment, plant genotypes, soil chemistry, soil microbial communities, etc.  

What role microbial populations have on soil and root health however, is poorly understood and 

thus this aspect is rarely examined in crop productivity studies. A major reason for this is that 

there are few tools available for studying what it is that the millions of microorganisms that 

reside in a gram of soil do. There are also major limitations to finding out who are these 

microorganisms. In the last decade new molecular tools are starting to unleash this area of study 

and extensive new data is accumulating that clearly demonstrates the very important role 

microorganisms play in crop yield and health (Murphy et al. 2004). With such information the 

impetus to better utilize and manage soil microbial ecosystems as a means to increase plant 

functioning and minimize activities of soil-borne plant pathogens is becoming a priority (Kucey 

et al. 1989; Mazzola 2004).  

It is now evident that certain cultural practices, for example, intercropping legumes and 

cereals can provide huge increases in yield of rice varieties due to the activity of certain species 

of Rhizobium (Yanni et al. 2001). Rhizobium, a soilborne bacterium has evolved a three-

component life cycle that includes a free-living phase in soil, a N fixing endosymbiont phase 

within legume root nodules and a beneficial growth-promoting endo-colonizer phase. This 

implies that a specific microbial strain can be beneficial to plants by various mechanisms, e.g. 

biological N fixation, P solubilization and direct growth promotion by colonizing internal plant 

tissues and production of plant growth hormones. Plants colonized with certain microorganisms 

showed increased growth and grain yield under reduced fertility inputs, independent of root 

nodulation and biological nitrogen fixation (Yanni et al. 2001). Inoculation with single strains or 

multi-strain consortia significantly increased grain yield in 19 of the 24 trials. By combining 

superior rhizobial inoculants with agricultural extension training, grain yield increased up to 47% 

in farmers’ fields, with an average increase of 19.5% (Yanni and Dazzo 2010). The interactions 

with the bacteria by hormones (e.g. cytokinins, gibberellins and auxins) mediated growth 

stimulation can alter the plant root architecture and improves the uptake of several soil macro- 

and micronutrients [e.g. N, P, K, Ca, Zn, Na and Mo] (Yanni et al. 2001; Chi et al. 2005). 

Monocropping appeared to be the most successful strategy to improve soil health by creating 

disease suppressive environments that protect roots from pathogens and pests. Cook and Baker 
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(1983) and Cook (2007) described the suppression of take-all disease by cropping wheat over six 

consecutive years. Suppression of soilborne pathogens occurs through synthesis of antibiotics 

and antifungal compounds by the soil antagonist, e.g. Pseudomonas fluorescence (Ligon et al. 

2000; Cook 2007). The trait is transferable to new soils, which can rehabilitate less productive 

soil to productive ones (Mazola 2004; Cook 2007). To our knowledge, there is no report of 

disease suppressiveness in soils used for corn production. Establishing soils that are suppressive 

to soilborne pathogens would lead to a fundamental change in corn productivity.  

Microorganisms that contribute to crop productivity are associated with roots, 

rhizosphere soil and found in internal plant tissues. Such yield contributing microorganisms may 

evolve under certain agro-ecosystems and exhibit host specificity. Thus, selection of appropriate 

isolates for diverse soil ecosystems and tests with specific crop cultivars is extremely important 

in optimizing yield benefits (Kiers and Denison 2008). The use of rhizosphere associated 

nitrogen fixing and phosphate solubilizing bacteria have been effectively used as inoculum for 

non-legume crop species such as corn, rice, wheat and sugarcane in different continents 

(Dobereiner 1997; Jacoub 1999). Applications of biofertilizers allowed Brazilians to reduce the 

use of extraneous nitrogen by more than 70% compared to the quantities used in USA. 

If biological fingerprints of high yielding soils were available it would be possible to 

evaluate how management practices impact such populations and alter these in a manner that 

conserved then beneficial populations. With the advent of molecular tools we can now identify 

the genes of billions of bacteria that reside in a gram of soil. The use of Terminal Restriction 

Fragment Length Polymorphism (TRFLP), quantitative PCR (Raaijmakers et al. 1997; 

McSpadden Gardener et al. 2001) and functional metagenomic (Daniel 2005) techniques have 

now been successfully used for analysis of microbial community structures and their functional 

roles in certain ecosystems. Our studies, and those of others, have shown that TRFLP allows for 

the simultaneous analysis of a large number of samples and is very useful for comparing the 

structures of complex microbial communities and monitoring whole communities, focusing on 

phylotypes for which the occurrence and/or the relative frequency are affected by environmental 

changes (Cook 2007). We hope to make such a tool available to growers so they can know 

whether an agronomic practice (e.g., no till, intercropping with cereals and legumes) has made 

their soil more productive via development and activity of plant growth promoting microbial 

species. If we can identify the yield contributing indicators and the tools to measure them we can 
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develop better road maps to rehabilitate low productive soils and maintain healthy ones, which 

would reduce the cost for chemical fertilizers while protecting the environments.  

Mr. Glenney, an Ontario farmer has developed a production system where corn and 

soybeans are planted in the exact same place on alternative years. He does this using a no till 

production system and precision planters. After 10 years of this practice he harvested over 279 

bushels of corn in a region where the average yields are 135 bushels per acre. How and what 

improvements occurred in his soils however, remains unknown. Therefore, Mr. Glenney’s 

production site provides a most unique model system for studies of what biological factors may 

have been created in an agroecosystem where high corn productivity is always expected.  

It is hypothesized that Mr. Glenney's no till and repetitive planting of corn and soybeans 

for several years might have enriched beneficial microbial communities in his crop soil that 

contributes to soil health and higher corn yield. The project focuses on identification of what 

tests are most appropriate for identification of the key biological factors that may be involved in 

the promotion of the high yields. We will also examine many physical and chemical factors also 

implicated to be associated with soil and root health and relate these to final yields.  

 

OBJECTIVES 

 

The aim of the research was to develop and evaluate measurements of soils and plant 

tissues that best uncover the key factors that comprise soil and root health, resulting in high corn 

production. The research was conducted at a high yield corn production farm of Mr. Glenney’s 

(refers to G site) by comparing a nearby corn field of Mr Hessels (refers to H site), where yields 

are average for the area.  

 

The objectives of the first phase of the project were: 

 Identify differences in production practices and properties of soils between G site and H 

site corn fields. 

 Evaluate plant growth characteristics and biomass production at the two sites. 

 Compare chemical properties of soils and nutrient availability at the two sites of corn at 

various growth stages.  

 Investigate the dynamics of soil microbial populations/activities and  their diversity in G 

and H sites soils and plant roots/stem juices during the entire crop cultivation period. 
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MATERIAL & METHODS 

 

Establishment of field experiments: The experiment was set up in a proven high yielding field 

of Mr. Glenney (G site) and an average yielding field of Mr. Hessels farm (H site) corn farms in 

Dunnville, Ontario, Canada. Planting and crop management were performed by the growers with 

no change to their normal agricultural practices. The geographic location of G site experimental 

plot is 42°56'06.28" N and 79°41'00.92 W. H field site is located at 42°56'45.11" N and 

79°33'02.06 W. Four replicate plots (10 m X 4 m each) were randomly chosen in G site corn 

(Zea mays L), G site soybeans (Glycine max (L.) Merr.) and H site corn fields. The selected 

experimental plots were marked by flags at the boarders of each plot (Photograph 1). Both G site 

and H site fields were planted with the same Pioneer Hi-Bred corn variety, P0216 AM-R. Corn 

and soybeans in the G site were sown in alternative rows on May 5 and May 10, 2012, 

respectively. H site corn field was planted on May 17, 2012, twelve days later than the G site. 

The differences in cultural practices between the two farms were noted.  

 

Analysis of soil compositions: The physical properties of the G site corn, soybeans and H site 

corn fields were analyzed after planting the crops. Two six inch vertical soil samples were 

randomly collected from each experimental plot using a soil probe. The soils were separated into 

2 inch sections and placed in collection bags. Upon returning to the lab, soil composition 

analysis was performed on the soil at A&L Canada Laboratories, London, Ontario, Canada. A 

total of 24 soil samples (3 fields X 4 plots X 2 spots) were analyzed. The mean values of soil 

compositions (% sand, silt and clay) were calculated and demonstrated on a bar graph. 

 

Estimation of populations and vigor of the G and H sites crops: The plant populations in 2.4 

m X 1 m areas were determined by counting the number of emerged plants at 26 days after 

planting (DAP). Four replicate plots for G and H site fields were considered. Plant vigor was 

recorded for each plant within the 2.4m X 1m using a vigor scale that assigned a score from 1 to 

4. Plant emergence counts and vigor scores for each plot were averaged and plotted in the bar 

graphs. 

 

Comparisons of G and H sites corn plant biomasses at different growth stages: Prior to 

chemical analysis, the corn roots, stems, leaves and cobs (if any) were separated and individual 
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weights were taken. Roots were first washed with tap water to remove any soil and allowed to 

dry on paper towels at room temperature. Once dry, the weights of the washed roots were 

determined. A total of 60 plants (5 plants X 4 plots = 20 X 3 growth stages) from each of G and 

H sites were analyzed (120 samples). The total biomass refers to the average weight of 20 plants 

[roots, stems, leaves and cobs (if any)] collected either from G and H field.    

 

Measurements of chlorophyll contents of G and H sites corn plant: Five corn plants from 

each of the four plots of G and H sites were randomly chosen at three different plant growth 

stages, namely day 26 (V3), day 60 (V10) and day 87 (R1) (days after planting). Chlorophyll of 

three young leaves of each of the corn plants harvested were measured in SPAD unit using a 

SPAD-502 meter (Konica Minolta, Osaka, Japan) and averaged. The SPAD-502 meter offers a 

rapid method to estimate foliar chlorophyll content without destruction of plants/leaf (Coste et al. 

2010). 

 

Root health and identification of corn root pathogens: The root health of the G and H sites 

corn plants were examined at V3 (26 d), V10 (60 d) and R1 (87d) growth stages. At each growth 

stage 20 plant roots (5 plants X 4 plots) from each site were examined visually and under 

microscope. The incidence of root infection was rated using a 1-5 scale, where 1 = no sign of any 

infection or possible 1 infected root; 2= 2- 5 infected roots; 3 = 6-10 infected roots; 4 = 11-20 

infected roots; and 5 = > 21 infected roots. To isolate the pathogens (e.g., fungi, bacteria) that 

may be causing the lesions, the infected tissues were cut into small pieces and surface sterilized 

with 70% ethanol for 1 min and then rinsed 3 time in sterile water for 1 min periods. The surface 

sterilized roots were placed potato dextrose agar (PDA) in Petrie plates and incubated at 25°C for 

few days. Fungi emerging from the lesions were isolated into pure cultures and these were 

achieved by sub-culturing the organisms on new PDA plates. The purified isolates were 

identified by molecular analysis. DNA was isolated from the fungi using Norgen DNA extraction 

kits. The isolates were identified by sequencing the ITS-rDNA and blasting the sequences with 

the data located on the NCBI database.  

 

Corn harvest and yields at G and H fields:  Approximately 4.5 months after planting 100 corn 

plants per plot from the G and H sites were randomly selected and the ears were harvested from 
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each plant. The length and diameter of 20 cobs from each plot were measured and the cob sizes 

compared from the two field sites. Twenty five kernels from each plot were randomly chosen, 

and the kernel size (length and diameter) and their weights were determined. A hand driven corn 

(http://www.berryhill.ca/ProductDetails.asp?ProductCode=CS1) was used to remove the kernels 

from the cobs. The corn was weighed and an aliquot was dried at 100°C overnight to calculate 

moisture content. The final yield weights were calculated based on 15.5% moisture content. 

Yields of the four replicate plots of each of the two corn fields were averaged and converted to 

per acre yield. The growers also provided or will provide their estimates of final yields to us. 

 

Nutrition contents in harvested corn grains: Two hundred grams of corn grains from each of 

the four plots of G and H sites were analyzed at A&L Canada Laboratories to determine the 

nutritional values. Protein, fibers, minerals and starch levels were measured. 

 

Analysis of the chemical properties of G and H sites crop soils:  The quantities of different 

soil chemical properties, including macro- and micro- nutrients and soil pH were determined for 

each growth stage sampled. Soil samples were collected after initiation planting 26 DAP, 60 

DAP and 87 DAP. Soils adjacent to corn seeds or roots were collected after pulling out the corn 

plants with a shovel. The soils were collected in soil collection bags, brought to A&L Canada 

laboratories and stored at 4°C. An aliquot of each of the soil samples was stored at -20°C for 

future molecular analysis. Five soil samples from each of the four plots at G and H sites were 

collected at each growth stage. A total of 240 soil samples (5 soil samples X 4 replications X 3 

fields X 4 growth stages) from the three crop fields were analyzed. Individual soil was analyzed 

for chemical analysis at A&L Canada Laboratories for fertility, that includes organic matter 

content (%), micro-/macro-nutrients (ppm), soluble salts (Millimhos cm
-1

), cation exchange 

capacity (milliequivalents 100g
-1

), base/P/Al saturation (%) and pH. Based on soil type the test 

results were rated based on conventional recommendations for corn production as being very low 

(VL), low (L), medium (M), high (H), or very high (VH). The results of the analysis provide a 

general guideline for determining the optimum nutrient levels for crop growth. 

 

Nutrient analysis of G and H sites corn leaves:  Five corn plants from each plot at the three 

growth stages previously mentioned were randomly dug out with a shovel. Plants and attached 

http://www.berryhill.ca/ProductDetails.asp?ProductCode=CS1
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soils were transferred into plant collection bags, brought to the lab and stored at 4°C. The 

following day, the roots, stems and leaves were separated from each individual plant and 

weighed. Individual weights for roots, stems and leaves were recorded. A subsample of young 

leaves from each plant were sent to A&L Canada laboratories for analysis of: nitrogen (%), 

nitrate nitrogen (ppm), Sulfur (%), Potassium (%), Magnesium (%), Calcium (%), Sodium 9%), 

Boron (ppm), Zinc (ppm), Manganese (ppm), Iron (ppm), Copper (ppm), Aluminum (ppm), and 

Chloride (%). The ratios of some nutrients were calculated and compared with expected ratios. 

Total 120 plants (5 plants X 4 replicate plots X 2 fields X 3 growth stages) were analyzed.  

 

Determination of soil microbial activity, biomass and mineralizable nitrogen: Soil microbial 

activity (respiration/CO2 production), total microbial biomass and mineralizable nitrogen in G 

and H sites were estimated and compared at five growth stages using a SOLVITA® test kit 

(www.solvita.com). The Solvita gel system is based on the measurement of CO2 released after 

24 h incubation in a sealed container from soil after drying and rewetting.  This analysis is 

considered as a reliable and easy method to quantify soil microbial activity and has been 

recommended by the USDA (Haney et al. 2008). 

More than 200 (3 fields X 4 plots X 2 samples X 2 replications X 5 growth stages) 

SOLVITA tests were done over the crop growth stages. Soil were collected from a six inch depth 

from the plots just after planting, and at days 26, 60, 87 and 136 (at harvest). The soils were 

taken from zones immediately adjacent to the plants’ roots after the plants were taken out of the 

soil for analysis. Five replicate samples were collected from each of the four plots at G site from 

corn and soybeans and at the H site from the corn field. The soil samples from each plot were 

pooled (five samples) and then divided into 2 replicates for each plot where half were analyzed 

for chemistry by A&L Canada Laboratories. The other half of were placed into an oven and 

dried overnight at 42°C. After drying, the samples were ground and passed through a 2-mm 

sieve. Forty grams of each sample were weighed and transferred into 50-mL polypropylene 

disposable beakers containing three small drainage holes in the bottom. A Solvita filter paper 

placed in the bottom of the beaker prevented soil loss. Each beaker was placed into a 250-mL 

gas-tight glass jar and 25 mL of de-ionized water was carefully added to the bottom allowing the 

soil to soak up the water until it reached field capacity. A SOLVITA gel paddle was placed into 

each beaker and the jars were sealed tightly with a screw-top lid. The gel paddle was taken out 
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after incubation at room temperature for 24 hours and the color change measured using a 

SOLVITA digital color reader (DCR). The quantity of soil microbial biomass (C) and 

mineralizable-N are calculated by the DCR as factor proportionate to the CO2 released (ppm). 

The soil biomass carbon (lbs acre
-1

) and mineralizable-N (lbs acre
-1

) were estimated by 

multiplying the released CO2 with the conversion factors, 20 and 1.05, respectively. 

 

Soil microbial population diversities in G and H fields: The abundance and diversity of 

microbial populations in bulk soils, rhizosphere soils, roots, and stem juice extracted from corn 

stems were examined. The samples were collected from G and H corn fields at three growth 

stages as already detailed. Individual plants collected from each site were processed separately. 

A total of 460 samples, specifically 20 bulk soils, 180 rhizosphere soil (5 plants X 4 rows X 3 

times X 3 crop stages), 180 root and more than 100 stem juice samples were analyzed. 

 

Preparation of soil and plant samples for microbiological studies:  

Bulk soil: Aliquots of bulk soils collected for microbial activity analysis were stored at 4°C for 

microbial studies.  

Rhizosphere soil: The soils readily falling off from the roots were removed in a plastic bag. Soil 

still adhering to the roots was considered as the rhizosphere soil, which was collected in a plastic 

bag using an artist’s paint brush or by gently shaking the roots. One gram of rhizosphere soil 

from each plant was placed into a whirlpak bag and 9 mL of 0.1% sterile water agar was added. 

The soil was homogenized for 30 seconds in Stomacher Lab-Blender 400 (Seward medical UAC 

house, London, UK) and then shaken for 30 min on shaker (Eberbach Corporation, Michigan).  

Washed root: After removing the rhizosphere soil, individual roots were washed with tap water. 

Two gram of washed roots from each plant were added to Kleco cylinders with 8 ml of 0.1% 

sterile water agar and then homogenized for 30 seconds in a Kleco homogenizer. 

Stem sap: The stem of individual corn plant was collected and separated into upper and lower 

parts for samples collected at 60 and 87 DAPs. The stems were cut into small pieces and surface 

sterilized by washing in 30% bleach for 2 minutes followed by three washes in sterile water for 1 

minute each. The surface sterilized stem was cut into small pieces, the outer rind was cut away 

and juice was extracted from the pulp using garlic presses. Attempts to remove sap from 

seedlings collected at 26 days after planting were not successful. 
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Microbial population diversities: Serial dilutions of the bulk soil, rhizosphere soil, root and 

stem juice samples were prepared up to 10
-5

. Aliquots (100 µL) of the dilutions of bulk soil 

samples were plated out potato dextrose agar (PDA) agar on duplicate plates. Seven days after 

incubation at room temperature (23-24°C), microbial population diversities of the three crop 

field sites (G corn, G soybeans and H corn) were examined. Aliquots of 100 µL, in duplicate, 

from each of the rhizosphere soil, root and stem juice dilutions were spread on three agar media, 

namely Nutrient Agar (NA), Tap Water Yeast Extract (TWYE) and Modified King’s B (MKB). 

The inoculated NA and TWYE media plates were incubated at room temperature, where as the 

MKB plates were incubated at 30°C. The microbial population and diversity were examined after 

2 days of incubation. Total plate counts were recorded and unique colonies when present were 

noted. More than 2500 plates (460 samples X 3 media X 2 replication) were inoculated for 

microbiological studies, including isolation of specific fungi and bacteria for sequencing and 

subsequent testing for pathogenicity or growth promotion. 

 

Selection of bacterial colonies for future testing: Colonies were picked based on colour and 

fluorescence under UV light from Modified King’s B and Nutrient agar medium. Colonies were 

purified by re-streaking on Nutrient agar medium.  

 

Amplification and Sequencing of 16S-rDNA: Bacterial DNA was extracted using Norgen 

Genomic DNA Isolation kit (Norgen Biotek Corp., Thorold, ON) following the manufacturer’s 

protocol. Amplification of 16S-rDNA was performed in 50µL final volume containing 1 µL 

(~30ng) of total DNA, 0.2 µM of 27F primer (AGAGTTTGATCCTGGCTCAG), 0.2 µM of 

1492R primer (GGTTACCTTGTTACGACTT) (Frank et al. 2008), 4 mM dNTP, 25 mM MgCl2, 

0.25 µL of Taq DNA polymerase (New England Biolabs, ON, Canada). A negative control (PCR 

mixture without DNA) was included in all PCR experiments. The reaction conditions were as 

follows : amplification conditions were 94ºC for 5 min, followed by 44 cycles of amplification at 

94ºC for 30s for denaturing along with annealing temperatures 53ºC for 16S- rDNA for 30s, and 

then an extension at 72ºC for 30s. The amplification was done with final extension at 72ºC for 7 

min. 1% Agarose gels were run to check the reaction products. The PCR products were purified 

using a DNA clean and concentrator (Zymo Research Corporation, Irvine, CA, USA). Partial 

16S- rDNA sequencing was carried out, to determine the taxonomic status of the isolates.  



 

 

16 

 

Construction of phylogenetic Tree:To construct phylogenetic trees for bacterial isolates the 

nucleotide sequence of each bacterial isolates was aligned with sequences of selected known 

strains of bacteria using ClustalW software and the trees for bacterial isolates were built using 

MEGA Software (version 5. 16) (http://www.ebi.ac.uk/clustalw/). Maximum likelihood method 

was employed to infer the tree topology. The reliability of the trees was tested by bootstrapping 

1000 replicates generated with random speed. 

 

DNA Extraction and Terminal Restriction Fragment Length Polymorphism (TRFLP) 

analysis: One mL of frozen stem juice from V10 (60 DAP) and R1 (87 DAP) growth stages of 

corn samples from both fields were centrifuged at 14,000 rpm for 4 minutes. Total DNA was 

extracted from the pellet as previously using genomic DNA Isolation kit. TRFLP results were 

analyzed using Gene Marker (SoftGenetics, LLC) 

(http://www.softgenetics.com/GeneMarker.html) using default settings with modified fragment 

peak intensity. The forward and reverse fragment size plus intensities were exported to XLStat 

software (AddinSoft, France) for principle component analysis of covariance (PCA) (Culman et 

al. 2008). 

 

Residual analysis of pesticide in G and H fields soils: Soil samples at 60 DAP were analyzed 

for glyphosate levels in the three crops. Two soil samples (approx. 6 inch depth) were collected 

from each of the four replica plots of the above indicated three crop fields. The soils were 

collected from close to roots after pulling out the plants. Glyphosate analysis of the individual 

samples was performed at A&L Canada Laboratories using a Liquid Chromatography-Mass 

Spectrometry (LC-MS) method. The detection limit of the equipment was 10 µg Kg
-1

 (ppb) of 

glyphosate.   

 

Statistical analysis: The data were processed and analyzed using the Microsoft Excel Program 

(Harvey 2007). The results were the average of four replications, stated as mean ± standard error. 

Differences between means were considered significant at p<0.05 or p<0.01 according to 

ANOVA single factor analysis. 
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RESULTS AND DISCUSSION 

 

SECTION 1 

 

Physical properties of G and H sites soils 

 

Historically both G and H soils are of similar type, characterized by BRR5 and TLD2, 

Berrien and Toledo. The parent materials for each: 40-100 cm sandy texture over lacustrine silty 

clay and 15-40 cm sandy texture over lacustrine silty clay; drainage: imperfect to poor. By the 

type of agricultural practice the textures of the G and H sites appeared to be different 

(Photograph 1). 

 

Photograph 1. Appearance of the soil collected from two different corn fields. (A) color of the G 

site soil and (B) color of the H site soil. 

 

 

Figure 1. Mineral composition as percent sand, silt and clay of G and H soils collected from 

respective corn fields. The values are the means of 24 soil samples. 

(a) 

A 

B 
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Soil from the G site is light brown in color, loose to the touch, and readily disintegrates 

indicating that it is not compacted (Photograph 1A). Soil at the H site is darker in color and is 

difficult to break up likely due to compaction (Photograph 1B). The soil from the H site has 

higher clay content (23%) compared to the G site soil (14%) (Figure 1), The G site soil has a 

higher percentage of sand (63.5%) and silt (22.5%) than the soil at the H site (59% sand and 18% 

silt). The more permeable soil at the G site can support greater aeration and hence microbial 

activity, nutrient uptake, and deeper root growth, all factors contributing to better plant growth.    

 

SECTION 2 

 

Differences between G and H sites corn production practices 

 

The differences in corn production practices between the G site (fence row farming) and 

H site (conventional production site) were evaluated. Both G site and H site fields were planted 

with the same Pioneer Hi-Bred corn variety, P0216 AM-R. Corn and soybeans in the G site were 

sown in alternative rows on May 5 and May 10, 2012, respectively. H site corn field was planted 

on May 17, 2012, twelve days later than the G site. The differences in cultural practices between 

the two farms are as follows:  

 At the G site a no till method is used (Photograph 2) whereas, the soil at the H site was 

ploughed before planting (Photograph 3). 

 Corn and soybeans at the G site are planted into the same soil on alternate years and this 

rotation has been in place for about ten years. At the H site corn production often follows 

a three year rotation with soybeans (e.g. soybeans-corn-corn-soybeans). In 2011, the 

experimental field at H site was planted with corn.  

 The H site was planted following the standard 30 inch row spacing where distances 

between the plants were 6 inch with a seed rate of 34,000 seeds acre
-1

 (Photograph 3). 

The G site was planted with corn using narrow row spacing. The field was planted in 8 

inch double rows (distances between the plants were 10 inch) and a 22 inch gap between 

the double rows using a modified planter (Photograph 4). The seeding rate at the G field 

was 38,000 seeds acre
-1

, which was 4,000 seeds acre
-1

 higher than at the H site. 

 Rates of fertilizer and methods of application were different at the two farms. At the H 

site, 190 lbs N acre
-1

, 25 lbs P2O5 acre
-1

 and 60 lbs K2O acre
-1

 were applied in bands 

during plantation. In addition, 90 lbs acre
-1

 urea was incorporated during cultivating the 
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field. The fertilizer rates at G site were 205 lbs N acre
-1

, 54 lbs P2O5 acre
-1

 and 45 lbs 

K2O acre
-1

, which were applied at three different plant growth stages. At the time of 

planting fertilizers were applied in bands. The remaining fertilization treatments were 

applied by means of side dressing and foliar spraying. At the G site corn and soybean 

fields were mulched with corn stubble (Photograph 2 & 4), which was not done at the H 

field site (Photograph 3). During the 2012 growing season, 2 tons acre
-1

 of mushroom 

compost was incorporated in G sit field before sowing the seeds. Both farms had tile 

drainage systems. Other crop management practices (e.g., fungicides applications, weed 

controls) appeared to be same at both farms.   

 Since G site follows the corn-soybean rotations on alternating years, a plot of soybean 

planted adjacent to the experimental corn plot was also considered in this study. The soybean 

field was planted on May 10, 2012 at the rate of 180,000 seeds acre
-1

. The row spacing, fertilizer 

applications and other crop management practices were performed as of corn field.  

 

 
  

Photograph 2. Plot set up at G corn-soybean field site. Rows covered with were corn stubbles 

are planted with corn and adjacent rows were sown with soybeans. Flags show the areas of the 

experimental plots.   
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Photograph 3. Germinating corn at the H site. Distance between the rows (30 inch) is shown by 

the red bar.  

 

 

 
       

Photograph 4. Young corn plants growing at the G site with soybeans on either side. Bars 

indicate the 8 inch double rows spacing and a 22 inch gap between the double rows. 
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SECTION 3 

 

Determination of population and vigor of the G and H sites crops  

 

Plant Emergence and Vigor 

 

 The number of emerged corn plants at the G field site was lower than that observed at the 

H site after 26 DAP. The average number of plants m
-2

 area was 7.20 and 7.80 in G site soil and 

H site soil, respectively (Figure 2). However, plants at the G site continued to emergence after 

these values were taken whereas at the H site emergence was very uniform. Vigor of plants at 26 

days after planting at the H site was also generally much higher (3.4-3.8) than that found with 

plants at the G site (2.13-3.2) (Figure 3) where plants were stunted at this early stage of growth 

(Photograph 5). Corn plants at the H site all exhibited excellent development at this stage of 

growth (Photograph 6). The reductions in vigor at the G site were attributed to the presence of 

snail damage of many of the seedlings and possibly to the negative effect of applying a 

mushroom compost that may have inhibited seed germination and emergence of the corn, and to 

much greater degree that of soybean. The soybeans had to be replanted at some locations where 

the compost was applied but not in our plots. Analyses of the chemical composition of the 

compost revealed a high concentration of salt (NaCl) and possibly other unknown toxic 

compounds that stunted plant growth.  

 

 
  

Figure 2. Plant populations of G and H sites corn plots at 26 days after planting. Average 

denotes the mean plant population values of four plots.  
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Figure 3. Vigor of corn plants at the G and H sites at 26 days after planting. Plant vigor was 

scored using a 1-4 scale. P = Replication plots.  

 

 

 

 

Photograph 5. Corn development at 26 days after planting at the G site. The plants showed 

damaged leaves, stunting, and uneven emergence. 
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    Photograph 6. Corn plants 26 days after planting at the H site. Very uniform growth. 

 

 

SECTION 4 

Comparisons of corn plant biomass at the G and H sites at different growth stages 

 Biomass included root, stem, leaf and cob weights per plant. Plant growth and total plant 

biomass of corn at the H site at 26 DAP was significantly higher than that at the G site (Figure 4, 

and Photographs 7A and 7B). By 60 and 87 DAPs, the growth and biomass at the G site had 

outpaced that found at the H site (Photographs 8A and 8B). At 60 DAP the biomass per plant at 

the G site was 137 g higher than found at the H site. This difference widened significantly by 87 

DAP by which time the plant biomass of the corn at the G site was 1091 g, which was 172 g per  

plant higher than the H site plant biomass (919 g).  
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Figure 4. Total biomass per plant of corn harvested from G and H sites at three growth stages. 

Bars represent the average of 20 plants collected at G or H sites. Values with different letters are 

significantly different according to ANOVA single factor analysis (p<0.05).   

 

 
 

            Photograph 7A. G site corn plants at the age of 26 days (V3 growth stage). 
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           Photograph 7B. Corn plants from H site at 26 days of planting (V3 stage). 

 

 

  
                  

     Photograph 8A. G site corn plants at 60 days age (V10 stage).  
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 Photograph 8B. H site corn plants at 60 days of age (V10 stage). 

 

 
 

Photograph 9. G site corn and soybeans field at 87 and 82 days after planting, respectively. 
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SECTION 5   

 

Measurements of chlorophyll contents of G and H sites corn plants  

 

 Prediction of the nitrogen status of plants is a proven tool for managing fertilizer 

requirements and has been shown to result in improved yields (Bullock and Anderson 1998, 

Bonneville and Fyles 2006). SPAD meter reading values are closely related to leaf N content and 

regular monitoring of leaf chlorophyll content by SPAD meter provides excellent estimation of 

N requirements at different growth stages (Varvel et al. 2007). Corn plants at the G site at 26 

days after planting had lower SPAD reading (41) in their leaves compared to H site (45 SPAD 

units) (Figure 5). This is primarily due to the fact that at this stage of growth plants at the G site 

were severely impacted by various insect pests and the plants appeared to be stunted and pale 

(Photograph 10). By 60 and 87 days after planting however, the corn plants at the G site showed 

greatly improved health and vigour and the average SPAD readings had increased to 54 and 56, 

respectively. H site corn leaves had average SPAD reading (49) at 60 DAP and 48 at 87 DAP. 

The chlorophyll levels in the leaves indicates that plants at the G site had greater photosynthetic 

capacity than plants at the H site and this often reflects the nitrogen concentration found in leaves 

(Kantety et al. 1996). Photosynthetic capacity correlates well with plant growth and productivity. 

The higher levels of chlorophyll contents of plants at the G site indicates that these plants are 

likely taking up more nitrogen and/or other nutrients required for production of chlorophyll than 

plants at the H site. This is expected to result in higher plant biomass and yield.  

 

 

Figure 5. Comparisons of chlorophyll levels in G and H fields corns during the growth period. 
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Photograph 10.  Corn plant at the G site showing pest damage at 26 days after planting.  

 

SECTION 6 

 

Root biomass, structure and health of corns grown in G and H fields  

 

 Overall the root architecture, growth, and biomass of the corn plants at site G were 

deemed to be significantly different that plant harvested from the H site.  

 

Root biomass: Although, at early growth stage (26 DAP), G field corn root weight was 

significantly lower than H field (Figure 6). In the later growth stages, the average weight of the 

roots from G site plants was 7 g  higher than roots of plants at the H site at 60 DAP and  by 87 

DAP the difference had increased to 46 g compared to roots from plants at the H site. Plants 

obtain nutrients and water from soil through their root systems and anything that restricts root 

growth will impact plant productivity. Therefore, the better root growth and architecture of 

plants at the G site likely provided increased rate of nutrients to the plants, resulting in higher 

corn growth and yield.  
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Figure 6. Comparative average root weights of corn plants harvested from G and H sites at three 

growth stages, 26, 60 and 87 DAPs (d). Twenty corn roots were averaged at each growth stage. 

Values separated by different letters are significantly different at p<0.05. 

 

Root architecture: A better root structure was observed in G site corn plants while assessed at 

60 and 87 DAPs. At the G site the root systems were larger, more branched, thicker and longer 

compared to those collected from the H site (Photographs 11 and 12). The number of nodal roots 

was greater and they were better developed. Nodal roots supply the majority of water and 

mineral nutrients that the plant needs for growth and development after V6 stage. There are 

several factors that negatively affect growth and distribution of nodal roots, including hot, dry 

surface soils, shallow planting depth, compact soils and loose/cloddy soil conditions. The easily 

compacted soil at the H site may be a reason for the less developed root architecture and 

development observed. 
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Photograph 11. Corn root structures at 60 days after planting (V10 growth stage). (A) roots 

from the G site and (B) H site.     
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Photograph 12. Corn roots morphologies at 87 days after planting (R1 growth stage). (A, B) 

roots from the H site and (C, D) from the G site. 

 

Root health: Roots collected from both fields overall were deemed healthy at the early stages of 

growth. However, occasional scattered brown lesions were found on roots from the H site corn 

(Photograph 13A) and more typically root tip necrosis on roots from the G site corn (Photograph 

13B) at 26 DAP. By 60 DAP the number of severe dark brown lesions had increased on some G 

site corn root (Photograph 13C) and this became prevalent at latter growth stages (87 DAP), The 

incidence of root infection however, was higher in G site corn than corn from the H site and in 

some cases completely rotted rootlets (Photograph 13D).  
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Photograph 13. Symptoms of infected roots of G and H sites corn plants. A= Root lesion of H 

site corn plant at 26 days after planting. B= Root lesion of G site corn at 26 days after planting. 

C= G site root lesion at 60 days after planting. D= Infected G site root at 87 days after planting.     

 

 Isolations were made from the root lesions and the organisms identified by molecular 

analysis. Three fungal pathogens were identified, namely Fusarium oxysporum, Gibberella zeae 

(asexual state: Fusarium graminearum) and Gibberella moniliformis (asexual state: Fusarium 

spp.) from roots collected from both G and H sites (Photograph 14 and 15). Other pathogens 

isolated included Gibberella fujikuroi, Phomopsis longicolla and Alternaria brassicae; an 

endophyte, Alternaria alternata and a beneficial fungus, Trichoderma viride from G site root 

lesions (Photograph 14). It is likely that multiple fungal species are causing the root diseases in 

both G and H site corn plants. 
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Photograph 14: Microorganisms isolated from G site infected corn roots. A= Fusarium 

oxysporum f. sp. conglutinans, B = Trichoderma viride, C= Alternaria sp., C= Phomopsis 

longicolla, D = Fusarium graminearum. 
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Photograph 15: Microorganisms isolated from H site infected corn roots. A= Gibberella 

moniliformis, B = Phoma sp., C= Alternaria sp., C= Fusarium oxysporium, D= Fusarium 

graminearum. 

 

SECTION 7  

 

Corn grain yields at G and H fields  

 

 The cob size, kernel weight, and kernel sizes were measured from the cobs harvested 

from the two sites. Cobs from the G site had average lengths of 20.8 cm, average diameters of 

5.4 cm and kernel heights of 14.2 mm and these values were significantly greater than values 

found for equivalent measurements of cobs harvested from the H site [cob length 17.7 cm, cob 
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diameter 4.9 cm and kernel height 12.8 mm) (p<0.01) (Photograph 16 and Figure 7). Slightly 

higher average kernel length and diameter were observed for seed from the G site corn (8.75 and 

5.05 mm, respectively) compared to the seed from the H site corn (8.60 and 5.0 mm, 

respectively) (Figure 7B). On average, single G site cob contained 704 kernels (44 kernels along 

the cob length X 16 kernels across the cob circumference). The number of kernels on cobs from 

the H site where significantly lower, 540 (36 X 15) (p<0.01). The individual seed weight of G 

site corn was also significantly higher (0.341 g) compared to H site (0.298 g) (p<0.01).     

 Acreage grain yields between the two field sites were compared. We determined 191 g 

and 131 g plant
-1

 grain yields at 15.5% grain moisture content in G and H sites, respectively 

(Table 1A). The result suggest that the fence row farming practice at G site had about 40% 

greater grain yield per plant compared to that found at the H site, where conventional practices 

was followed. Based on 400 plants the grain yields at G and H sites were estimated to be 220 and 

160 bushels acre
-1

, respectively. However, the yield of large scale area harvested by the G site 

grower appeared to be higher (250 bushels acre
-1

) than our experimental plot, in which the plant 

emergence was delayed because of pest problem or possibly by the toxic effects of mushroom 

fertilizer (Table 1B). We estimated yield based on the plant population (7.29 m
-2

) that we 

determined at 26 DAP. This number however, was much lower than the actual plant population 

that became established at the G site (approximately 8 plants m
-2

), because some plants emerged 

after our initial count. The actual yield of the entire strip as determined by the grower at site G 

was 250 bushels acre
-1

 (Table 1A). G site grower also provided us we yield data from his farm 

(G site) that was harvested from slightly different management practices, namely application of 

mushroom compost + 3" irrigation, compost + no irrigation and full strip across the farm having 

no compost + 1" irrigation. The highest yield obtained was 301.9 bushes acre
-1

 from a field 

where he had added compost and applied 3" irrigation water during the season (Table 1B).       
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 Photograph 16. Cobs harvested at maturity from G site (A) and H site (B).  
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Figure 7. A. Comparisons of average cob length and diameter and B. of average kernel height, 

length and width from corn harvested from the G and H sites. The length and diameter are 

averaged from measurements of 100 cobs, and 20 twenty kernels from each of four plots for 

measurement of height, length and width. Values followed by different letters different 

significantly according to ANOVA single factor analysis (p<0.01).  

  

Table 1A. Corn grain yields at G and H sites. A total of 400 plants from four replicate plots of 

each field were harvested and measured the grain yield at 15.5 % moisture content.  

 

 

1 
Plant populations observed at 26 days after planting at site G. More plants emerged later on was 

not added in. Values followed by the same letter are not significantly different by ANOVA 

analysis (p<0.05).  
  

 

 

 

 

Crop field Yield plant
-1

 (g) Plants m
-2

 Kg ha
-1

 Lbs acre
-1

 Bushels acre
-1

 

G site 191a 7.29
1
 13923.9 12401.85 221.5a 

H site 131b 7.80 10218.0 9101.05 162.5b 



 

 

38 

 

Table 1B. Corn yields harvested at the G site under three different management practices.   

 

Cultural practices Highest yield acre
-1

 Average yield acre
-1

 

Mushroom compost + 3" irrigation 301.88 bushels 283 bushels 

Compost + no irrigation 294.63 bushels 275 bushels 

Full strip across the farm (no compost + 

1" irrigation) 

- 248.97 bushels 

The current experimental plots 

(compost + one irrigation) 

- 249.27 bushels 

 

Nutritional values of the harvested grain 

 

 The nutritional composition of corn from the two sites was very similar in its quantity of 

protein, starch, P, K, or Mg (Table 2). However, the quantity of Fe [(23.2 vs 17.6 ppm (parts per 

million)] and Mn (4.2 – 3.0 ppm) in the grain were found to be considerably higher in seed from 

the G site compared to the H site grain, respectively.  

 

Table 2. Nutrients levels of G and H sites harvested corn grains. 

 

Parameter G site H site 

Crude protein (%) 9.4 9.1 

Starch (%) 63.8 63.6 

TDN
1
 87.1 87.2 

P (%) 0.32 0.25 

K (%) 0.45 0.38 

Mg (%) 0.11 0.09 

Cu (ppm) 2.2 2.4 

Fe (ppm) 23.2 17.6 

Zn (ppm) 17 17.5 

Mn (ppm) 4.2 3.00 

 
1 

Total nutrient as determined by digestion. ppm = parts per million 
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SECTION 8   

 

Chemical analysis of G and H field soils and corn leaves at different plant growth stages 

 

 Inadequate levels of nutrients decrease yield, while excessive nutrient levels cause 

toxicity to plants and increase production costs. Therefore, analyses of soil and plant tissues 

during the growing season are important to determine what requirements the crop may need to 

obtain a desired yield. The study compared the chemical properties of soils and leaf tissues of the 

two fields at different growth stages.  

 Soils at the G and H sites belong to two different soil classification types. G site soils 

have lower CEC (9.7 meq 100g
-1

), OM (3.1%) and clay particle content (14%) compared to soil 

at the H site where most such factors were higher (CEC 19.9 meq 100g
-1

), OM 6.2% and clay 

particles 23%). Both soils had pH ranges which were slightly alkaline; with the exception of soils 

at the G site at 26 DAP which were measured at pH 6.2. This was likely due to nitrification of 

the fertilizer. Generally the pH ranges of the H soil were slightly higher (7.5 to 7.7) than that 

found for G site soil (7.2 to 7.3). The aggregate value of NH3-N + NO3-N was 92 ppm at 26 DAP 

in H site soil and this value gradually decreased to 32.6 ppm over the summer as the plant 

growth increased (Figure 8A). By contrast the NH3-N + NO3-N concentration of G site soil was 

found to be much higher (135.13 ppm) at 26 DAP likely because it was banded. The levels of 

total nitrogen in this soil crashed to 8.5 ppm by 60 DAP and remained constant at this low level 

during the latter plant growth stages. While 96% of the NO3-N had been removed from the soils 

at the G site by day 60 after planting, only 55% of the available NO3-N (66 ppm) found at 26 

DAP was eliminated during the whole plant growth period at the H site.  

Initially the plant available phosphorous (P) concentrations in both soils were similar (8-

10 %). Although, the P level was elevated at G site as the plant growth increased and maximum 

18.5% P was determined at 87 DAP (Figure 8C). In contrast, the plant available P remained 

constant in H site soil during the crop growing season.  

The sodium (Na) concentration was found to be significantly higher (0.94 %) in G site at 

26 DAP compared to H site soil (0.57% Na) (Figure 8D). In the latter plant growth stages, steady 

decrease of the Na was observed in both field soils and at 87 DAP the Na quantity was found to 

be 0.43% and 0.30% at G and H sites, respectively. Moderate, but constant level of soluble salt 

(0.70-0.80 mmhos cm
-1

) was detected at H site soil during the growing season. In contrast, very 
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high and toxic level of soluble salt (1.62 mmhos cm
-1

) was found at G site at 26 DAP. However, 

the salt concentration was reduced to 0.2 mmhos cm
-1 

at 60 DAP and remained stable latter of 

the growing season (Figure 8E).  

The potassium (K) and magnesium Mg) ratio (0.21-0.29) was determined to be closer to 

optimum (0.3-0.4) at G site and an gradual increase of K and Mg ratio was observed as the crop 

growth increased (Figure 8F). The K and Mg ratio of the initial (after planting) soil sample from 

H site was 0.21, which was similar to G site. However, the ratio decreased to 0.14 in the latter 

plant growth stages.    

 Most of the micro-elements were found to be present higher concentration in H site soil 

than G site soil, and often such elements were considered to be in excess in H site soil. During 

the growing season, very high concentrations of Ca (>3000 ppm) and toxic levels of Cu (3.5-3.9 

ppm) were determined in H site soil. G site soil contained moderate quantity of Ca (approx. 1400 

ppm) and optimum levels of Cu (1.2-1.4 ppm). The sulfur (S) concentration in H site soil was 

very high and more than double amount (52.4-66.8 ppm) than the G site (16.1-29.1 ppm). 

Aluminum (Al) was considerably higher in H site soil (740-943 ppm) compared to G site, which 

contained 610-660 ppm of Al. The quantity of zinc (Zn) was very high (7.9 - 8.6 ppm) at H site, 

whereas Zn levels were optimum (4.5-6.0 ppm) in G site soil when tested at different plant 

growth stages. Optimum levels of boron (B) were determined in the two field soils, however, 

higher B was found at H site (1.0-1.4 ppm) than G site (0.7-1.0 ppm). Both soils contained high 

quantity of magnesium (Mg), although, the Mg concentration was higher at H site (250-300 

ppm) compared to G site soil (170-180 ppm) during the crop growing season. Excessive level of 

iron (Fe) was determined in both fields soils, ranged from 108 to 112 ppm. Moderate levels of 

manganese (Mn) were found in both soils. However, G site contained double amount (27.5-29.8) 

of Mn than H site (13.4-16.3 ppm).  
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Figure 8. Comparisons of selected chemical components in soils collected from roots of plants 

harvested from the G and H sites at four different plant growth stages; Day 0, 26, 60 and 87 after 

planting. A= Amount of NH4 + NO3 in parts per million (ppm), B= Plant available nitrate 

nitrogen (NO3-N) (ppm), C= Percentage of saturated phosphorous (P), D= Percentage of sodium 

levels, E= Soluble salts, and F= Ratio of potassium (K) and magnesium (Mg) concentrations.   

 

 Although the soil analyses gives the estimate of the plant available nutrients, there is no 

assurance that the plants actually take up these nutrients. Insufficient or excessive quantities of 

nutrient uptake will negatively impact growth and yield. Excessive levels of nutrients can create 

various adverse effects, e.g., phytotoxicity, reduced uptake of other nutrients etc.    
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  Corn leaf tissues harvested from the two sites were analyzed at various growth stages to 

determine their nutrition status. Leaves from both G and H sites contained high levels of N, Fe, 

Cu, and Al at all growth stages. The total N (N + NO3-N) quantity appeared to be similar for the 

crops at both sites, 3.9-4.8% at the G site and 3.7-5.0% at the H site (Figure 9A). As the season 

progressed the total N concentrations decreased slightly to 3.9 and 3.7% at the G and H site, 

respectively. At the early growth stages the NO3-N concentration was considerably higher in 

plants from the G site (0.29%) compared to those from the H site (0.18%). The concentrations 

declined to 0.13% in leaves at both sites (Figure 9B).  

Iron concentrations ranged from 167.4 - 380.2 ppm in leaves from the G site and it was 

only slightly lower (128.9-310.5 ppm) in leaves from the H site. Optimum levels are considered 

to be 30-100 ppm. Cu concentration was initially higher in H site (14.9 ppm) than G site (11.0 

ppm) (Figure 9C). However, Cu levels steadily decreased to 11.9 ppm in H site crops as the plant 

growth increased, while it remained stable at G site crops during the plant growth period. At 

early growth stages, Al concentration was higher in H site plant tissues (195.3 ppm) than G site 

(144.7 ppm) (Figure 9D). Although, significant reductions of Al in both field crops (55.3 ppm in 

G site and 39.7 ppm in H site) were determined at the latter growth stages.   

 In contrast, levels of K, Ca, and B were considered to be low in tissues from both fields.  

K  levels ranged from 2.3-4.7% in tissues from the G site and 2.1-4.1% from those at the H site. 

In both sites, K concentrations gradually decreased with plant growth over the season. Very low 

levels of Ca were found in leaves from both G site (0.4-0.7%) and H site (0.6-7%). 

Concentrations of B were significantly lower in both G site crops (6.3-14.3 ppm), however, 

steady increase of B was observed as growth increased (Figure 9E). B levels were slightly higher 

in H site crop than G site, however, the concentration was lower at 26 DAP (10.3 ppm) and 87 

DAP (19.6 ppm) than the normal range (25-50 ppm).         
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Figure 9. Micro- and macro- nutrients in leaves of corn harvested from G and H sites at 0, 26, 60 

and 87 DAPs. A= % nitrogen + NO3, B = NO3 (%), C = Copper level (ppm), D= Aluminium 

(ppm), E = Boron (ppm), F= Phosphorous (%) and G = Zinc level (ppm) and H= Sodium (%). 

 

Optimum ranges of P, Mg, S, Zn and Mn were found in tissue from the two crops. P 

concentrations of H site corn leaves were found to be higher than G site initially (Figure 9F) but 

overall not much difference was found in P concentration in leaves from the two sites after 26 
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DAP. Mg levels were identical in leaves from both sites (0.3-0.4% in G site and 0.4% in H site 

crops) as were levels of S, ranging from 0.2-0.3% at both sites. The Zn concentration was much 

higher in G site corn leaves (57.3 ppm) at 26 DAP and then it decreased precipitously to 21.3 

ppm by 60 DAP, and slightly increased at 87 DAP (Figure 9G). By contrast, the Zn level was 

nearly same (30.7-40.6 ppm) in H site crops at all growth stages. Higher concentrations of Mn 

were found in corn from the G site (23.8-32.7 ppm) compared to H site (16.1-20.5 ppm). 

  At early stage of plant growth (26 DAP), high quantity of Na (0.06%) was detected in G 

site corn plants (Figure 9H). However, Na level dropped to 0.03% at the latter plant growth 

stages, the quantity was similar to H site crop, and Na concentration remained constant in H site 

corn leaves at different growth stages.  

 

SECTION 9 

 

Estimation of soil microbial activity, biomass and mineralizable nitrogen  

 

The microbial respiration (CO2-C), total microbial biomass (lbs acre
-1

), and mineralizable 

nitrogen (lb acre
-1

) were determined in soils from the two experimental fields using the 

SOLVITA assay system. 

 

 

 
 

Figure 10. Soil microbial activity (respiration) of soils collected at five growth stages of G and 

H sites crops as determined by the Solvita assay method. The activity/respiration was estimated 

by measuring the released carbon dioxide carbon (CO2-C). 
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Total microbial activity as determined by the Solvita method was similar in soils sampled 

from both fields immediately after planting and remained at the same level soils sampled on day 

26 (Figure 10). The total microbial activity in both soils decreased by almost 30-50% in samples 

collected at the G and H site respectively at 60 days and remained low at 87 days in G soil but 

returned to similar activities as found in the first days of sampling in the H soil. By 136 days 

after planting both soils had similar microbiological activity as found at in the first days of 

sampling (Figure 10). The cause of the reduction of microbial activity at 87 day is unclear but the 

very dry and hot summer may have had some effect on the soil microbial populations. Repeating 

the experiment in the next season may reveal if this was due to climatic factors of if this is a 

regular occurrence. The soils were collected 12 days apart and this should be considered when 

comparing biological activity at any one time point. What is obvious is that the soils from both 

sites have very similar and relatively high levels of microbial activity across the plant growth 

period (except 87 days). This suggests that both soils have the capacity to support excellent 

biological fertility (Haney et al. 2008). There does not appear to be any clear relationship 

between microbial biomass, mineralizable nitrogen and plant productivity in these soils.  

 

 

 

Figure 11. Total microbial biomass (lbs acre
-1

) in soils from the G and H sites soils at different 

plant growth stages as determined by the Solvita bioassay for respiration. 
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Figure 12. Estimation of mineralizable nitrogen (lbs acre
-1

) in soils from corn sites at the G and 

H sites as determined by the Solvita soil respiration test. 

 

Since soil microbial biomass and mineralizable nitrogen are proportional to microbial 

respiration (release of CO2), the trends of total microbial biomasses and mineralizable nitrogen 

were similar to microbial respiration capacity (Figure 11). The total microbial biomass in both 

fields was 1200 lbs acre
-1

 (approx.). Regardless of fields, a reduction of microbial biomass (900 

lbs acre
-1

 at the G site and 650 lbs acre
-1

 at the H site) was determined at 60 DAP. However, 

considerably higher microbial biomass was estimated in G field soils at 60 DAP and at the H site 

soils at 87 DAP. Both corn fields contained similar quantity of mineralizable nitrogen (70 lbs 

acre
-1

), at planting, 26 and at harvest. Reduced amount was determined at 60 DAP in G site (~45 

lbs acre
-1

) and H site (~35 lbs acre
-1

) soils (Figure 12). By day 87 however, the available nitrogen 

was much higher at the H site and this (65 vs 38 lbs) and this would be at a very critical time of 

seed initiation. There does not appear to be a clear trend in the possible role of mineralizable 

nitrogen in the growth of corn in the two soils. Studies in Australia however, have found that at 

40% of differences between high yielding and low yielding wheat fields were related to 

increased microbial biomass (Murphy et al. 2004). 
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SECTION 10   

 

Microbial population diversities in G and H sites: This aspect of the work will be covered in 

much greater detail in the winter months and only preliminary data presented. 

 

Microbial populations in the initial bulk soils     

 

 The populations of bacteria and fungi as identified by their morphologies when grown on 

various agar media was found to be very different for platings of bulk soil sampled at the just 

after planting from the various field sites (Photograph 17).  

 

 

 

Photograph 17. Colony appearance on PDA medium of bacteria and fungi derived from plating 

of bulk soils collected at planting from (A) G site corn soil (previously planted to soybeans), (B) 

H site corn soil, and (C) G site soybean field soil (previously planted to corn). 
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Colonies obtained from the corn and soybean G sites and H site corn field could be 

readily distinguished based on colony appearance and color (Photograph 17A and 17B). 

However, this is not sufficient to differentiate microbial ecosystem composition and we are now 

carrying out terminal restriction fragment analysis (TRFLP) to better resolve the diversity of the 

ecosystems more clearly. Nevertheless, the soil from the G site soybean field (previously corn) 

showed the least diverse microbial community when compared to the other soils (Photograph 

17C). A time course evaluation of the changes in microbial population patterns over the growing 

season for G and H sites fields will be presented in the next report. 

 Plating of stem juice on Modified Kings B and Nutrient Agar media revealed extensive 

colonization of corn plants by endophytic bacteria of corn plants from both G and H sites by 60 

and 87 DAP. We were unable to obtain stem sap from plants at 26 DAP. In many cases what 

appeared to be homogeneous populations were observed with stem juice plantings of G site corn 

(Photograph 18A), whereas microbial communities were much more diverse in the H site corn 

stem juice (Photograph 18B). The microbial communities between the two sites stem juices 

appeared to be distinct, and often the abundance of microbial population was higher in G site 

stem juice compared to H site.  

 

 

 

Photograph 18. Plating of juices extracted from corn stems at 60 DAP from G site (A) and H 

site (B) on nutrient agar (NA). Stem juices were extracted from upper part of stems and made 

serial dilution to 10
-2

 before plating.   
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The roles that these bacteria may be have in plant growth and productivity and the basis 

for the diversity in the endophytic populations in corn plants from the two sites is of primary 

interest in this research project. As visually the bacteria in plants from the G site appear to be 

primarily fluorescent pseudomonads, known plant growth promoters and well characterized 

antibiotic potential, they may be suppressing the presence of other bacteria. Alternatively, the 

ecosystem at the G site has been enriched in these bacteria and as the soil is not disturbed they 

are the in place to readily colonize the plants.  

Preliminary evaluation of bacteria present in rhizosphere soil, on/in washed roots and in 

sap extracted from sterilized stem tissues of G and H sites corn plants  

 As a preliminary test of methods to be used for detection of the most common bacteria 

residing is soils attached to roots, or on/in washed roots, and in sap extracted from the inside of 

stem tissues, we selected a total of 91 bacterial colonies growing on agar from samples plated at 

the maximum dilutions (usually 10
-4

-10
-5

). The bacteria colonies were selected based on 

differences of colony morphologies as seen on agar plates. In some cases where all the colonies 

appeared to be identical only a few such colonies were isolated. Most of the colonies were from 

Modified Kings B and Nutrient agar. Total of 91 colonies from G site and 122 from H site were 

collected and sent for sequencing. The bacteria were identified based on comparison between the 

DNA sequences we obtained and those deposited in GenBank using the BlastN. After the 

submitting the sequences in GenBank using BlastN, most of the isolates were found to be the 

same species, making the phylogenetic tree construction difficult. Thus isolates which were 

present in multiple samples were used as single samples for each growth stage. This reduced the 

numbers to 31 isolates from the G site and 60 from H site. The results revealed the prevalence of 

Pseudomonas as the vast proportion of the bacteria (84%). The most commonly found isolates 

were Pseudomonas koreensis, Pseudomonas poae, Pseudomonas umsongensis and Pseudomonas 

rhodesiae in samples from stem juice, roots, and the rhizosphere. Of the total number of isolates 

analyzed from H site, 48.3% belonged to genera Pseudomonas, 18.3% belong to Bacillus, and  

the rest were Enterobacter, Flavobacterium, Methylobacterium, Pantoea, Chryseobacterium, 

Stenotrophomonas, Streptomyces, Arthrobacter and Agromyces. Relatedness trees were 

generated based on analysis of partial 16S- rDNA sequence of bacterial isolates. 
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Rhizosphere soil: A total 52 and 49 bacterial isolates were collected from the G and H site 

rhizosphere soils at the three developmental stages respectively. Of the 52 isolates from 

rhizosphere of G corn roots only 17 isolates were unique species and these 82% were found to be 

species of Pseudomonads (Figure 13). The other commonly found isolates across all three 

growth stages in G site rhizosphere were Pseudomonas moraviensis, Pseudomonas koreensis, 

Pseudomonas reinekei, Pseudomonas umsongensis and Pseudomonas poae. Of the 49 isolates 

from the H site rhizosphere samples 26 were considered as unique species (Figure 14.) 46% 

belonged to genera Pseudomonas, 23% belong to Bacillus. The remainders were 

Chryseobacterium, Streptomyces, Arthrobacter and Agromyces and these were present at all 

three growth stages. At V3 (26 DAP) and V10 (60 DAP) stages the most prevalent species was 

Pseudomonas, whereas at R1 (87 DAP) stage the prevalent species was Bacillus, 

Chryseobacterium along with Pseudomonas. 

 

 
 

 

Figure 13. Maximum likelihood phylogenetic tree of all bacteria isolated from corn plant 

rhizosphere at three development stages [26 (V3), 60 (V10) and 87 (R1) DAPs] from the G site. 

Numbers above each node indicate percentage of confidence levels generated from 1000 

bootstrap test. 
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Figure 14. Maximum likelihood phylogenetic tree of all bacteria isolated from corn plant 

rhizosphere at three development stages [26 (V3), 60 (V10) and 87 (R1) DAPs]  harvested from 

H site. Numbers above each node indicate percentage of confidence levels generated from 1000 

bootstrap test. 

 

Roots: The total 19 bacteria were isolated from roots of corn from the G site and 31 from the H 

site. Of these only 7 and 21 isolates were unique isolates and they are shown in Figures 15 and 

16 respectively. The majority of the isolates from both sites Pseudomonads (Figures 15 and 16). 

Roots from the H site also harbored species of Bacillus and Flavobacterium at the R1 Stage.  
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Figure 15. Maximum likelihood phylogenetic tree of all bacteria isolated from corn plant roots 

at 26 (V3), 60 (V10) and 87 (R1) DAPs harvested from G site. Numbers above each node 

indicate percentage of confidence levels generated from 1000 bootstrap test. 

 

 

 
 

 

Figure 16. Maximum likelihood phylogenetic tree of all bacteria isolated from corn plant roots 

at 26 (V3), 60 (V10) and 87 (R1) DAPs harvested from H site. Numbers above each node 

indicate percentage of confidence levels generated from 1000 bootstrap test. 

 

Stem sap extracts: The endophytes isolated from stem sap of plants at V10 and R1stage from 

plants at the G site were almost all Pseudomonads, whereas only 31% of the endophytes from H 

site were Pseudomonads (Figures 17 and 18). The others were Bacillus, 

Thermoactinomycetaceae and Methylobacterium, which were especially dominant in V10 stage 
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samples. At the R1 stage, 100% of endophytes from G site belonged to genera Pseudomonas and 

36% of endophytes from H site belonged to the genera Pseudomonas, the remainder being to 

Enterobacter, Pantoea, Rahnella and Erwinia (Figures 17 and 18). 

 

 

 
 

Figure 17. Maximum likelihood phylogenetic tree of all bacteria isolated from corn plant stem 

juice at development stages V10 (60 DAP) and R1 (87 DAP) harvested from the G site. Numbers 

above each node indicate percentage of confidence levels generated from 1000 bootstrap test. 

 

 

 
 

Figure 18. Maximum likelihood phylogenetic tree of all bacteria isolated from corn plant stem 

juice at development stages V10 (60 DAP) and R1(87 DAP) harvested from H site. Numbers 

above each node indicate percentage of confidence levels generated from 1000 bootstrap test. 
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Terminal Restriction Fragment Length Polymorphism (TRFLP) Analysis: Terminal 

restriction fragment length analysis (TRFLP) is a molecular, culture-independent technique that 

can identify the most abundant bacteria and fungi (those present as >1% of the total community) 

in an ecosystem. It is very likely that the top 1% most common organisms are the ones that have 

the greatest impact on the function of the soil ecosystem. TRFLP has been around for a decade 

but it has rarely been correlated to comprehensive agronomic information for the purpose of 

relating microbial taxa to plant productivity and to soil treatment. However, there is emerging 

evidence that TRFLP can be used as a diagnostic technique for determining soil health and plant 

productivity. A&L Biological is developing this tool as means to fingerprint soils and plant 

ecosystems and for differentiating species diversity in soils that have undergone some form of 

unique management that has led to altered productivity. The results presented here thus should 

be considered as unique and produced using a technology that is still in development. The 

technique relies on amplification of regions of DNA present in all organisms (e.g. protein 

synthesis) or unique functional genes (chitin synthesis). The amplified DNA fragments are 

labelled with one or two fluorescent dyes at each end and are then cut into diverse fragments 

with DNA cutting enzymes. The fragments are separated using capillary electrophoresis which 

allows for accurate measurement of fragment sizes. Each peak represents a species or groups of 

species of bacteria or fungi.  

 The chromatograms generate hundreds of peaks and to compare their distribution from 

multiple of samples statistical tools called principle component analysis (PCA) and cluster 

analysis are used. Samples are grouped by treatment and population shifts in either bacteria or 

fungi can be determined. For cluster analysis the data collected from the presence or absence of 

peaks from the various samples are transformed into binary data such that any peak that present 

is given a value of = 1, and peaks that were absent a value of = 0 for all replicates. The samples 

can then be compared to each other. A similarity index is generated by dividing the number of 

shared peaks between the various samples being compared and the total number of peaks in each 

sample. The closer the number is to 1, then the more similar the two treatments are. In contrast, 

the closer the number is to 0, than the two treatments can be considered to be vastly different. 

Principal component analysis (PCA) is a multivariate statistical method most commonly used for 

unravelling the meaning and validity of TRFLP data. This statistical tool can be used to 
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summarize the results from hundreds or thousands of observations into a few data points which 

then can then be plotted in various formats. The program will draw line encircling those points 

that are statistically related. Points outside the circles are not related but overlapping circles 

indicates some relationship. The closer the circle to each other the more similar they are in their 

properties whereas the father they are from each other, the more different they are in 

composition.  

To compare bacterial diversity and community structure in the stem saps extracted from 

plants collected from the two sites we utilized TRFLP analysis. The results were analyzed using 

principal component analysis (PCA) and are shown in Figure 19 and 20. TRFLP identified 

statistically significant differences in the ordination of the bacterial profiles at both 60 DAP and 

87 DAP stages. The data from principal component analysis of the TRFLP profiles indicate that 

there are statistically significant differences in the microbial populations in the stem sap, i.e. 

endophyte bacteria, in plants at 60 DAP collected from the G site compared to populations found 

from plants at the H site (Figure 19). This confirms the data obtained by plating of these sap 

samples on various agar media and sequencing selected isolates. By the 87 DAP however, a 

slight overlap in the TRFLP profiles was found from the plants collected from the two field sites 

but the trend remained similar as found at the 60 DAP stage (Figure 20). 

 

 

 

Figure 19. Principal component analysis (PCA) ordination of bacterial TRFLP peak intensity 

data generated from sap collected from corn plants sampled from G and H sites at 60 DAP. The 

amount of variability accounted for by each factor is shwon on the graph axes.  
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Figure 20. Principal component analysis (PCA) ordination of bacterial TRFLP peak intensity 

data generated from sap samples collected from corn plants harvested from G and H sites at 87 

DAP. The amount of variability accounted for by each factor is shown on the graph axes.   

 

 To gain a better understanding of similarities sample peaks were transformed into binary 

data (i.e., if there is a peak =1; if there is no peak =0), added across replicates (total 5 replicates 

per each plot) and Jaccard’s similarity index was generated by dividing the number of shared 

peaks between two samples by total number of peaks in each sample. The closer the number is to 

1, the more similar are the communities. The closer the number is to 0 the more different. These 

calculations were also used in cluster analysis shown in Figures 19 and 20.  

 

 V10 Stage (60 DAP): Microbial populations of stem sap samples collected from plants of plots 

1 and 4 and of 2 and 3 of G site were closely related to each other (58-64% similarity). The 

microbial populations from plants of plots 4, 1 and 2 at the H site were also closely related (46% 

similarity) (Figure 21). The H1 plot microbiology appeared to be an outlier in comparison to the 

other plots and the bacteria populations from this plot were only 10% similar to all other plots of 

G and H site (Figure 21). The remaining plots of G and H sites shared only about 15% similarity, 

which suggest quite significant differences in populations. Plot H3 and H4 were about 26% 

similar. Plot H2 also appeared to be an outlier in that it shared more similarities to bacteria found 

in plants at the G site. All the plots of G site and plot 2 of H site had about 25% similarity in 
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bacteria population compared to H site plot 3 and 4. Plot 2 of G site was about 43% similar to 

plot 3 of same field site,  while H site plot 2 was about 38% similar to G site plot 1 and 4. 

 

 

 

Figure 21. Hierarchical clustering using Jaccard’s similarity index to score pooled binary 

bacterial TRFLP data from corn stem sap collected at the V10 stage (60 DAP) from G and H 

sites. 

 

R1 Stage (87 DAP): At the R1 stage stem sap juice from the corn plants had very similar 

bacteria populations in plots 1, 3, and 4 from the G sit. This was also found for the bacteria in 

plots 1,2, and 4 of plants from the H site (Figure 22). There was a 30% similarity in populations 

between bacteria from plots 1, 3, and 4 of G site and plots 1, 2 and 4 of H site. Interestingly the 

bacteria found in sap from plots G2 and H3 differed from population at the other sites (only 16% 

similarity) but were similar to each other (Figure 22).  
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Figure 22.  Hierarchical clustering using Jaccard’s similarity index to score pooled binary 

bacterial TRFLP data from stem sap collected harvested at the R1 stage (87 DAP) from the G 

and H sites. 

 

SECTION 11  

 

Residual analysis of pesticide in G and H sites soils  

  

 Soils were analyzed for residual glyphosate as this is known to impact the growth of 

succeeding crops. The analysis did not find any detectable levels of glyphosate in any of the 

three experimental crop fields. Herbicides may affect the biological properties of soil, including 

plant growth retardation and induce disease, and may inhibit nodulation and biological nitrogen 

fixation in legumes either by affecting rhizobia (Altman 1977; Clark and Mahanty 1991). 

Apparently there was no residual effect of glyphosate on corn and soybeans productions in our 

experimental plots. 

  

SECTION 12 

 

Soybean production in G site corn field 

  

 Corn and soybeans are planted in the same locations on alternating years at the G site. An 

experimental plot was thus also establisher at the soybean field, which had corn growing in it the 
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previous year. Soil biology and chemistry were examined for this plot in the same manner as 

describe above for the corn fields. This will allow us to monitor changes in soil chemistry and 

microbial communities that remained after the previous corn crop and how they are impacted 

during the soybean production cycle. The experimental design and sampling protocols were 

identical to those used for the corn experiments. Sample collections were done at the same time 

as that describe for the G site corn field site. The data will be compared with the next year 

soybean plants.  

      

Plant population and vigor 

  

 The soybean plant numbers and vigor were determined after three weeks of planting. The 

emergence of soybean plants at 22 days after planting was varied considerably among the plots 

(Figure 23A). The plant populations per square meter ranged from 19 to 50, with an average 

value of 33 plants per plot, which is likely lower than expected. The emergence was poor and the 

plants appeared stressed at the early growth stage. The vigor of soybean plants was estimated to 

be 2.4 out of 1-5 scale (Figure 23B). Possibly, the corn stalks/leaves used for mulching the field 

might have enhanced the growth of plant pests that inhibited the emergence and growth of 

soybeans plants (Photograph 19). 

 

 

 

Figure 23. Soybean plant emergence (A) and vigor (B) at the G field site at 22 days after 

planting.  
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Photograph 19. G site soybean plot after 22 days of planting. Uneven emergence and stunted 

growth of plant. 

 

 Chlorophyll contents of soybean leaves 

 

 The chlorophyll level of soybean leaves was determined at 22 days after planting.  

 

 
 

Figure 24. Chlorophyll levels in soybeans leaves. Each bar represents the average chlorophyll 

contents of 20 plant leaves.  
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The chlorophyll content in soybeans leaves increased with age of the plants. At the early 

stages (21 and 55 DAP) the readings were considered to be quite low (SPAD reading 32) (Figure 

24) but by 82 DAP the readings had increased (SPAD reading 42 unit). The amount of 

chlorophyll in leaves correlates with photosynthetic capacity and reflects the nitrogen 

concentration of plants. This suggests that initially the soybean plants had improper growth; 

however, they recovered at the latter stage of growth. 

 

Total soybean plant biomass  

 

 

 

 

Figure 25. Total biomass of soybean plants at different growth stages. Total biomass includes 

roots, stem and leaves. Biomasses of 20 plants (five plants from each plot) were averaged at two 

soybeans growth stages, namely 55 and 82 days after planting. 
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Photograph 20. Soybean field at 55 days after planting. 

 

 

              
 

  Photograph 21. G site corn-soybean rows at 82 days after planting. 
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Soybean plant biomass per plant was found to be 18 g at 55 DAP, which seems to be 

substantially low for this stage of soybeans growth (Figure 25). By 82 DAP the crop appeared to 

show much greater vigor (Photograph 21) and the total biomass of individual plants increased to 

120 g (Figure 25). The reason for the stunted early growth remains unknown but is comparable 

to that seen with the development of the corn. Vigorous plant growth and increased branching 

were observed at the latter growth stages and harvesting time (Photographs 21 and 22). 

 

 
 

                   Photograph 22.  Harvested G site soybean plant having several tillers.  

 

 

Soybean yield 

 

 The soybean yield at G site was estimated to be 65.5 bushels acre
-1

, which was 

determined based on the average yield of 400 plants and the plant population was found in 1 X 

2.4 m
2
 area of each plot at 21 DAP (Table 3A). Yield variability was determined between the 

plots within a field, ranged from 56.53 to 74.60 bushels acre
-1

. The uneven plant populations in 

some of the plots were the reasons for yield variations between the plots (Appendix-C: Figure A-

1). The grower harvested 47 to 72 bushels soybeans acre
-1

, which were obtained under different 

management practices (Table 3B). The highest 72 bushels acre
-1

 soybeans were harvested in a 
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field where no mushroom compost and irrigation were applied. Soybean yields in the G site 

experimental plots and grower’s harvested yields are presented below.   

 

Table 3A. Soybean yields at G site experimental plots. GS= G site soybeans, number= plot 

(replications) number. 

 

 

 

Table 3B. Soybean yield harvested by the G site grower.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Replicate 

plot 

Yield (kg) 

plants
-100

  

Number 

plants m
-2

 

Yield (kg) 

ha
-1

 

Lbs acre
-1

 Bushels 

acre
-1

 

GS-1 3.895 12.91 5028.44 4478.77 74.60 

GS-2 4.815 7.91 3808.66 3392.33 56.53 

GS-3 3.945 10.62 4189.59 3731.61 62.19 

GS-4 3.310 13.95 4617.45 4112.70 68.54 

Average 3.99 11.34 4411.03 3928.85 65.46 

Management practices Average yield acre
-1

 Remarks 

Headland (no compost + no 

irrigation) 

72 bushels - 

Compost + no irrigation 
47 bushels Replanted 

Compost + 3" irrigation 
57 bushels Replanted 

No compost + 1" irrigation 
57 bushels Not replanted 
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RESEARCH IN PROGRESS 

 

1. Determine the microbial population diversity in G and H site's rhizosphere soils and roots at 

different plant growth period applying molecular technique, TRFLP. 

2. Perform bioinformatics analysis to investigate bacterial/fungal community structures in the 

two farms and to compare the changing patterns of microbial communities at different plant 

growth stages.        

3. Isolate, identify and characterize plant growth promoting endophytic and soil-borne 

microorganisms (e.g. N fixing, P solubilizing, anti-microbial) from G and H site samples (soil, 

root and stem) collected at different plant growth stages. 

4. Investigate the growth promotion of corn plant on G and H site soils under controlled 

environment conditions (in growth room).  

 

Factors not measured but could have yielded valuable information: 

 Pest problem at G site field at early growth stages 

 Planting occurred at different times making it difficult to take samples at the same 

growth stage  

 Soil moisture and water holding capacity was not measured and we are unsure 

how the moisture levels, water availability and the hot dry summer affected the 

crops. 
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APPENDIX- A. Additional materials and methods 

 

Soybeans plant populations and vigor 

 Soybeans were sown on May 10, 2012 in a row adjacent to G site corn row. Four 

replicate rows with the size of 10 x 4 m
2
 were randomly selected and considered as experimental 

plots. The cultural practices were done by the grower. The number of plants in 2.4 X 1 m
2
 area of 

each plot was counted after 22 days after planting. Plant vigor of five plants in each plot was 

measured. 

 

Chlorophyll contents of soybean leaves 

 Twenty soybean plants from four replica plots (five plants from each plot) were randomly 

chosen at three growth stages, namely 22, 55 and 82 days after planting. Chlorophyll of three 

spots of each younger plant leaves was measured using a SPAD meter. The chlorophyll contents  

(SPAD meter readings) of 20 plant leaves (at each growth stage) were averaged and plotted on a 

bar graph. 

 

Total soybean plant biomass  

 Five soybean plants were dig out from each plot with a shovel, collected the plants with 

adhering rhizosphere soils in tissue/plant collection bags. The plants were brought to lab and 

stored at 4°C. After separation of the plant parts (roots, stems and leaves), rhizosphere soils were 

collected for microbiological and molecular analysis. The roots were washed with tap water to 

get rid of soils and placed on clean paper towel and dried for several hour at room temperature.  

The total biomass of individual plants (roots, stems and leaves) was measured. Twenty plants 

from four replica plots at each growth stage were considered.   

 

Soybeans harvest and yield 

 One hundred soybean plants from each of the four replicate plots were randomly selected 

and the pods from each plant were harvested. The pods were dried at 42°C for five days to 

reduce the moisture content to 14%. Seeds of each plot (100 plants) were combined and weighed 

and per acre yield was determined. 
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Appendix- B. Analysis of the mushroom compost applied at G site field. 

 

 

 

 

Figure A-1. Physical and chemical properties of the mushroom compost used in G site crop soil. 
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Appendix C. Soybean plants infestation by the pests. 

 

 

 
 

Photograph A-1. G site soybean plants infestation by pest and weak growth at early growth 

stage (22 days after planting). 

 

 

 

 

 

 

 

 


