
Feeding the Future: Evaluating Beneficial Microbes’ Role in Wheat Germination



Wheat crop production:
● The 4th largest crop produced world-wide1

● The 3rd largest crop produced in the United 
States2

● For every 1℃ temperature increase 
secondary to global warming, there is a 6% 
decrease in wheat crop production3
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As Global Temperatures Rise 
Crop Production Declines



The Role of Research
● Researchers are studying plant microbiomes 

○ These are the communities of microbes 
living above and below ground 

○ They consist of bacteria, fungi, protists 
and viruses4 

● Plant microbiomes are important 
communities composed of different microbes 
creating a stable system for plant growth and 
survival5, 6  

● There may be beneficial microbes or 
‘engineered’ combinations of microbes that 
can be identified to improve plant growth and 
survival under changing global conditions7-10



Research Question
Is it possible to 

‘engineer’ a 
microbiome to 
improve seed 

germination in this 
important crop plant?  

Wheat Crop



Hypothesis ‘Engineered microbiomes’ consisting of multiple microbes will promote 
seed germination and positive seedling phenotypes in wheat relative to 
(A) untreated wheat and (B) wheat treated with individual microbes.  

Variables
The independent variable: 

 The fungi or bacteria microbial 
grouping that the wheat seed is 
exposed to during seed growth.  

The dependent variable: 

 The germination rate of the wheat seed 
and other positive phenotypes present. 



Experimental Design
Phase 1:  Screening the effects of individual microbes on wheat seeds 

● Take plugs of 9 original isolates 
● Plate each microbe in water agar with 10 sterilized wheat seeds 
● Make 2 replicates of each plate 
● Make a control of 2 plates with 10 seeds in water agar only 

○ Allow all 20 plates to germinate for 7 days 
● Observe and measure findings: 

○ Seed germination rate 
■ Number of roots present                              
■ Number of shoots present 

○ Root hair (yes or no) 
○ Leaf size (S, M, L) 
○ Any additional notes

Plating
seeds



Experimental Design
      Phase 2:  Engineering wheat seed microbiomes with microbe pairs: 

● From the 18 treatment plates in step 1 determine best and worst germination rates 
from the 9 microbe isolates. 
○ Take plugs of these 4 different isolates using a cork borer. 
○ Engineer microbe combinations A+B, B+C, C+D, A+C, A+D, B+D  
○ Pipette 250 mL of each solution onto a plate of water agar with 10 sterilized 

wheat seeds each for a total of 12 treatment plates. 
● Plate 2 additional control plates of  

10 wheat seeds in water agar only. 
● Observe and document growth and seedling  

phenotypes as described in phase 1 on days 3, 7 & 14.

9 Microbe Isolates



Experimental Design
Phase 3:   

● Extract DNA for bacteria and fungi 
○ Using the isolates identified in step 2, place each in a PCR tube and add 20 

microliters of Y-PER buffer 
○ Vortex for 10 seconds and place in a water bath (98c) for 5-10min 
○ Centrifuge at max speed 5-10min. Transfer to a new eppendorf tube 
○ Dilute with 80 microliters of grade water. Store at -20c 

● Complete PCR 
○ Use samples for DNA Extraction 
○ Denaturation: heat sample to 95 degrees c for 30 seconds 
○ Annealing:cool to 50 degrees c for 30 seconds 
○ Elongation: reheat to 72 degrees c for 60seconds 

● Store samples for continued future research



Results of Individual Isolates on Wheat Seeds

● 20 plates observed for germination 
over seven days.   
○ 9 microbes 2 replicates of each 
○ 2 control plates 

● The controls consistently showed 
80% germination 

● Seeds enhanced with microbe 2 
consistently showed 100% 
germination 

● Seeds enhanced with microbe 5 
consistently showed slow rate of 
germination of only 40%





Results 
Phase 1:

1. Isolates 2 and 6 showed 
enhanced germination

2. Isolates 5 and 7 showed 
the slowest germination

Plate 6B
Best germination

Control Plate

Plate 5B
Slowest germination



Results of ‘Engineered’ Microbe Combinations

Original Microbe 
plant Number

New 
Label

2 1

5 2

6 3

7 4



Results 
Phase 2:

1. ‘Engineered’ group 1 & 3 
performed best of the 
engineered groupings

2. The control group 
perform better than any 
of the ‘engineered’ 
groups

Microbes 1&3
Engineered Combo

Control 

Microbes 3&4
Engineered Combo



Conclusion 1. My results did not support my hypothesis that ‘Engineered 
microbiomes’ consisting of multiple microbes will promote seed 
germination and positive seedling phenotypes in wheat relative 
to (A) untreated wheat and (B) wheat treated with individual 
microbes.   

2. The data showed that the wheat seeds grown under the 
‘engineered’ conditions did not benefit from the additional 
microbial combinations.   

3. The data did however show that some of the single isolates 
did promote improved wheat seed germination.

Final Thoughts...

1. Using too many microbes or combinations of microbes may be 
detrimental to wheat seed germination rates.

2. Specific single microbes may enhance wheat seed germination 
rates as seen with the 2 screened isolates in phase 1.

3. Continue research would further identify these microbes and study 
their effects on plant growth under varying conditions. 
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