Variations on sunflower germination:  tips for stubborn seed

This is the sunflower germination protocol I have been developing as I attempt to germinate seed that vary in age from 1 to 9 years old.  The seed families originate from natural populations of Helianthus annuus, H. petiolaris, H. paradoxus, selection lines with H. annuus, H. petiolarius and a hybrid line (H. annuus x H. petiolaris).

This is a modification of the original post by Nolan Kane (his notes denoted with *) and I have received great advice from many lab members who I reference below.

Seed & material sterilization
Not everyone finds it necessary to clean seed before germination, but when working with seed that is slow to germinate I have found that it helps to clean seed beforehand to decrease risk of loss of seed to fungi.  

The cleaning protocol I have been using was suggested by Allan DeBono:
1) Place seeds for each family in 1.7mL tubes
2) Add 500uL 75% ethanol to each tube.  Gently mix (finger flick) each tube and soak for 5 minutes.  Remove ethanol with pipette.

3) Add 1mL of 1% ppm (see below) to each tube.   Mix with finger flick.  Pipette ppm out of each tube.  

4) Rinse seed with autoclaved MilliQ water.

Ppm = Preservative for Plant Tissue Culture Media (made by Plant Cell Technology) containing 0.1350% 5-Chloro-2-methyl-3(2H)-isothiazolone and 0.0412% 2-methyl-3(2H)-isothiazolone

Greg Baute had good success washing seeds the following which was recommended by Peter Kalynyak:

For small seeds:

15% bleach for 10min

For large seeds

Soak in 15% bleach for 15-20 min after washing with detergent

I plan to add a bleaching step to the above protocol in my next germination trial.

Sterilization of other material: If not using new petri dishes from sterile packages all petri dishes should be washed with soap, bleached and rinsed with sterile water.   Rob Colautti also autoclaves filter paper.  I clean my forceps and blades with 70% ethanol in before working with each seed family / petri dish of seeds to avoide cross-contamination of samples.
Emily Drummond and Peter Kalynyak have also germinated seeds on agar media.   I do not know the details of this protocol but apparently it keeps the seedlings moist and happy so you can contact them if this method is of interest.
Planting
1.  Scarify seeds by cutting a small portion off the blunt (widest) end of the seed.  Try to cut just barely enough of the achene off the seed so that step 3 will be easy (cut at widest point).  Make sure to cut into the seed as well as the achene, though.*
In some trials we cut seeds directly on petri dish, but I think others (Brook Moyers) scarify on glass plates and it this avoids contaminating filter paper and petri dish with any remaining fungi on seed coats.
2.  Place seeds on filter paper in Petri plate and wet with sterile distilled water.  The seeds shouldn’t be floating, but the filter paper should be quite wet.  Place in dark drawer.*

3.  Next day remove seed coat.  Rinse seeds with sterile distilled H20.  Place in new sterile Petri plate.*
The removal of the seed coat seems to have two very important purposes: (1) most of the fugus is on the seed coat so remove it as soon as possible (Greg Baute). (2) Seeds that begin to germinate inside the seed coat have difficulty emerging from the seed coat on their own. (For example, I transplanted a seedling that was 80% emerged and had a room >1cm into a conetainer and it never managed to emerge from its seed coat on its own.  Also try to remove the transparent membrane layer surrounding the embryo as Kate Ostevik and Emily Drummond have noted that its presence can slow / inhibit germination.

4.  Replace Petri dishes in dark (drawer) at room temperature.  Check for germination daily, and move seeds to fresh filter paper in a new plate to prevent buildup of bacteria and fungi.  Seeds with substantial fungal growth should be isolated to prevent spread of infection.  To attempt to save these plants, if necessary, infected tissue can be removed, and seeds/seedlings should be dipped in H202.*

I have also used 70% ethanol to rinse seeds after an outbreak of fungus and observed subsequent germination.

At last week’s lab meeting we discussed the possibility of continually watering petri dishes with ppm to prevent fungal growth / infection.   Several lab members worried watering with 1% ppm could prevent germination; others said they had done this and had no problem.   In the past week I had batches of seeds watered with 1% ppm, 0.2% ppm (Allan’s suggest), and sterile water.  Only 1 plate of 33 germinated for 1% ppm, whereas 4 of 12 germinated for each the 0.2% and 4 of 32 for the sterile water treatments.   (Note that these treatments were not performed ~ 1 week from the start of germination and a more controlled / balanced comparison would be ideal).  But, it does suggest a lower concentration of ppm (0.2%) may not inhibit germination, and it did seem to inhibit fungal growth.
5.  Seedlings that are germinating (after substantial emergence of the root but preferably before much root hair growth has occurred) should be moved onto Petri dishes on top of lab bench to receive some light.   Seeds not germinating or just barely starting to germinate should be placed back in the darkness, and checked each day for germination.  Filter paper should be changed every 24-48 hours, and moisture checked periodically.*

Kate Ostevik and Emily Drummond have found that quickly germinating seed will green up in the dark (presumably with some light seeping in) after 2-3 days.   I am finding seeds may take 1-4 weeks (possible more) to emerge and I am moving seeds to the window sill once the root emerges but plant is still white / brown. Emily Drummond noted that “if you have a few seeds on a plate that have germinated and a few
that have not, the bottom line is that once some are green you can't wait
too long to get them into the light”.
6.  Seedlings should be transplanted to soil after ~24 hours in the light.  At this point there should be substantial root hair growth.  If not, wait another day to transplant. Transplant to small pots of Metro Mix or other sterile potting mix, if possible.  I find this works better than regular soil for the initial transplant for some species, although it isn’t necessary for most H. annuus varieties (especially domesticated ones).  Once seedlings are well established, they can then be moved to larger pots of topsoil or planted directly into the ground. * 

I am finding these seedlings take 2-4 days to green up on the window sill.  Once the root is 2-4 cms long and root hairs are apparent I transplant them to greenhouse.  I am transplanting into large conetainers, although others (Emily Drummond, Greg Owens) have successfully transplanted into large bucket pots with good success. This is pretty obvious, but I have found that when using the containers the soil really needs to be well-saturated with water all the way to the bottom of conetainer for a successful transplant.  I have been using the annual soil mix in the Horticultural greenhouse on UBC campus.
Notes*: 

If mold is a problem, seeds may be surface sterilized prior to scarification.  I find that this is generally not necessary, although a few varieties are particularly susceptible to mold, and sterilization may help somewhat.  In general, however, using clean Petri dishes and filter paper, washing hands, removing any visible mold/bacteria, and preventing cross-contamination (sterilizing forceps after contact with anything that may be infected) are more important.

Also, if germination  rates are particularly low, germination may be enhanced in some species by adding small amounts of giberellic acid or fusicosin to the first distilled water that the seeds absorb (it gets absorbed better this way).  Alternatively, seeds may be soaked in ~100 ppm (100 mg/L ddH20) GA3 for about an hour after scarification, or in fusicoccin (25 ppm).  GA3 is cheaper, but has many deleterious side effects on phenotype, as well as increasing mold problems in many situations.  Another treatment that often helps is a cold stratification.  In step 2, prior to placement of the Petri dishes into the drawer, place in the dark in the dark at 4 degrees C for 2 weeks.  This level should be optimized for particular varieties, however, using the lowest level necessary.  GA causes many developmental irregularities, and is harmful if used at high levels.  If at all possible, it is best to avoid using GA altogether.
I have found that a low concentration of gibberallic acid (10-3mM) does not seem to affect early seedling morphology.  I may use a single dose at the beginning of my germination trial.
Emily Drummond’s note on seed quality and seed ripening:

The amount of time my "poor" seeds take to germinate has seemed to vary with two things:  first, ripeness and second, time of year.  Sunflower seeds need a ripening period after collection and I was told this should be a period of about one month.  In my seeds, however, I've concluded that the process actually took several months.  It took more than 6 months to get maximum germination which is somewhat bizarre!  Also, my seeds hate germinating in the winter months - even under grow lights they "know" it's not the right season.  So I've had much higher germination in the spring vs. winter, and it is faster as well.  In January I had to wait 3 weeks for some seeds to germinate before I called it, whereas in summer I wouldn't wait more than a week to ten days.
