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Forage Seed Production: Before seeds can be put into the market, both the seeds and plants 
have to undergo many tests and observations. Without seed production, there would be no plants 
in the world. Seed production starts right at the beginning of a formed seed on a plant. From the 
seed pod or plant, the seed is taken to be germinated and grown as a little seedling. It is said to 
believe that good seed in good soil yields abundantly. With this in mind, it’s important to take 
care of the plants as well as the soil they’re growing in. The purpose of ILRI is to create better 
lives through livestock. In order to do this, the forage that livestock eat have to be high in 
nutrients as well as convenient and profitable to grow. ILRI works to improve food security and 
reduce poverty in developing countries through research for better and more sustainable use of 
livestock. What is the key to this? Successful seed production. ILRI’s global mandate for 
livestock research is:  

“to measurably and sustainably improve the livelihood of resource-poor livestock 
keepers, make animal products more affordable and accessible for the poor and conserve 
natural resources in developing countries through partnerships and alliances for 
innovative livestock research, training and information exchange” 

ILRI’s personal mission is: 

“to help reduce poverty, hunger and environmental degradation through livestock 
research to enhance productivity and sustainability of agricultural systems in the 
developing world” 

Seeds are the cheapest input in crop production and key to agricultural progress. Without seeds, 
there would be no agriculture. To demonstrate the importance of seed production, I was taken to 
fields in Addis Ababa, Zwai, Debre Zeit, and Soddo. These are ILRI’s forage seed production 
sites. While there, I helped with planting, observed the different irrigation and planting systems, 
and interviewed various seed producers who grow forages through the FeedSeed program. 
Forages are very valuable to these seed producers because forages have dual purposes. For most 
of the seed producers, they sell the seeds to government agencies, NGOs, and various farmers 
and keep the plant to feed their livestock. I also had the opportunity to help in the greenhouse 
and plant seeds that had been germinated. In doing this, I was able to see all of the steps of seed 
production. I saw the beginning—planting germinated seeds—all the way to forages growing in 
the fields in the seed production sites.  

Getting to Know the Plants 

Plant that Doesn’t Flower or Set Seed 

Onobrychis arenaria: 

Gathered Information: Onobrychis arenaria is a perennial herb. Its accession number is 5685, 
was planted on 28 May 2008, and its common names are sand sainfoin and sand esparsette. The 
stems on it are erect and branching, reaching a length of 30-90 centimeters high with rare hairs or 
glabrous. Leaves on Onobrychis arenaria are 10-30 millimeters long and 2-5 millimeters wide. 
One plant contains 6-15 pairs of elliptical or linear-lanceolate leaflets. The leaves cover the 
stems completely, running up the whole length of each stem. The inflorescences on Onobrychis 
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arenaria are long and narrow. On and inflorescence, there are both flowers and seed pods. The 
flowers are purple-pink in color and measure 8-10 centimeters in length. The seed pods are semi-
pubescent, ovate, and measure 5 millimeters long on average, with each pod containing a single 
kidney-shaped seed. The seeds range from 4-6 millimeters in length.  Onobrychis arenaria 
flowers in May-June and the seeds ripen in August-September.  It gets cross-pollinated mainly 
by honey bees. Through research, I found that this plant needs to be abundantly visited by 
honeybees, bumbles, and solitary bees come pollination time. 

Onobrychis arenaria grows on semi-dry grasslands, 
meadows, and grazed Magerrasen. It grows best in 
moderately dry to fresh, lime or gypsum-based rock, sand, 
and loess soils. It is an Eastern European-Asian species and 
native to the steppe regions of Eurasia. Its growing range 
extends west to France and south to Greece. As stated before, 
it’s native to southern Europe and western Asia, on dry sunny 
slopes, embankments, at vineyard and orchard edges, and 
sandbanks. It needs to grow in a bright place with direct 
sunlight. Onobrychis arenaria is adapted to warm, temperate 
climates, and not adapted to a wide range of soil and 
environmental conditions, meaning that the areas it can grow 
in are very limited. 

Hypothesis: I believe that the factor contributing to the lack of flowers is because it’s not 
growing in direct sunlight. It’s in the greenhouse, receiving a good deal of heat from the sun 
shining on it, but making the plant receive indirect sunlight. Also, it needs to grow in warm, 
temperate climates. Addis Ababa, Ethiopia is a tropical environment. There is a significant 
difference between temperate and tropical zones. Temperate zones have warm summers and cool 
winters with year-round rain or snow. They typically have four seasons every year. Tropical 
zones have a climate that is hot all year, but has a distinct wet season and dry season during the 
year. Onobrychis arenaria is a perennial plant, so during the winter season, it goes into a 
dormant period. While growing in the greenhouse in Addis Ababa, Ethiopia, it doesn’t receive 
this cold, dormant period. In order for it to grow, it has to receive this condition. This will be 
discussed in the testing section under Change of Environment. 

Plants that do Flower, but Don’t Set Seed 

Canavalia sp. located in Zwai: 

Background: The species I selected was Canavalia sp. Its accession number is 1251, and was 
planted on 19 January 2004. The species of it is unknown. It’s located in a plot in Zwai. I have to 
ask whoever is going to the field that week to bring back some samples of the development stage 
I need to observe. This slows down my research sometimes because I can only do one step of the 
process at a time. On the week of June 9th, Dr. Jean brought me back my first samples of 
Canavalia sp. so I could look at it under the microscope, observe if there was any pollen, the 
amount of ovules, if there was any pollen on the stigma, where the stigma is in relation to the 
anthers, and many other observations.  
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Gathered Information: Dr. Jean handed me a sheet regarding all of the information known 
about the Canavalia sp. growing in Zwai. While looking at this information, I found that its 
country of collection was Tanzania and the district and area of collection was Mwanza. The 
exact site of collection was the Beach of Sanana Island in Lake Victoria near Mwanza. The 
altitude of this area is 1,080 meters. Average annual rainfall is 1,002 millimeters. I also found the 
average temperature in this area is 23°C. I then compared this environment to Addis Ababa, 
Ethiopia. Because Zwai is near Addis Ababa, I used there as a reference to environment. The 
altitude of Addis Ababa is 2,300 meters. Average annual rainfall is 1,165 millimeters. The 
average temperature in Addis Ababa is 16.34°C. When just looking at these environmental 
factors, there is some discrepancy between the two areas.  
 
The higher the altitude, the more rainfall, the cooler the temperatures, and the less amount of 
sunlight will occur. These factors are very apparent when comparing the environment of 
Mwanza to Addis Ababa. This leads to one of my ideas as to why Canavalia sp. might not be 
producing seeds. With such a difference with environments of where it was grown previously 
compared to where it’s grown now, there is a huge difference with altitude and rainfall. When 
looking at the temperature, there is also a gap between 23°C and 16.34°C, but that slight 
difference shouldn’t affect the production of seeds. The spread of this Canavalia sp. is 400 
centimeters. Also, its growth zone is tropical and it’s a vine legume. While it was growing in 
Mwanza, there were few seeds, and out of those, only a moderate amount was ripe.  
 
Hypothesis: #1: One of my hypotheses as to why this Canavalia sp. won’t seed is because of its 
growing environment. I think this because there is another Canavalia sp. with the same accession 



6 
 

Report of World Food Prize Borlaug-Ruan Intern 2014, Kayla Toennies 
 

number growing in Soddo, and it produced seeds in 2009. Also, on the information sheet about 
our plant species, it states that it produced a few seeds before that as well. Ever since it has been 
growing in Zwai, no seeds have been produced. This makes me believe it’s an environmental 
factor affecting the plant’s reproduction. 
 
#2: My second hypothesis is the flowers don’t produce any pollen. If a flower doesn’t produce 
any pollen, then seeds won’t be produced. 
 
#3: After dissecting the flower and realizing that some of the flowers do contain pollen, the 
pollen needed to be germinated and stained. Pollen that germinates in sucrose solution grows a 
pollen tube, therefore fertilizing the ovules in the ovary, and creating seeds. Stained, or viable, 
pollen will turn a fluorescent color when observed under the UV blue light under the microscope 
lens. This hypothesis will also be discussed later in the testing sections under Germination of 
Pollen and Aniline Blue Fluorochrome Staining. 
 
Canavalia sp. located in Soddo: 

Background: On Friday, June 20th, a worker on ILRI traveled to Soddo and gathered samples of 
a species of Canavalia that won’t produce seeds. Its accession number is 12761, so it’s not the 
same species as my other Canavalia that I’m studying because the accession number for that 
species is 1251. Also, you can tell right away it’s not the same species because the flowers are a 
completely different dark purple, whereas 1251’s petal color is lavender. It is a perennial legume 
with a tropical growth zone. The plant height of it is 150 centimeters with a plant spread of 350 
centimeters. 
 
Gathered Information: Dr. Jean handed me a sheet containing all of the information known 
about the Canavalia sp. growing in Soddo. While looking at this information, I found that its 
country of collection was Kenya and the district and area of collection was Kwale. The exact site 
of collection was the Mombasa town near Beach Hotel. The altitude of this area is 50 meters. 
Average annual rainfall is 1,100 millimeters. I also found the average temperature in this area is 
27°C. I then compared this environment to Soddo, Ethiopia. The altitude of Soddo ranges from 
1,600-2,100 meters. Average annual rainfall is 1,125 millimeters, and average temperature is 
14.3°C. When just looking at these environmental factors, there are some differences between 
the two areas. The altitude between Mombasa and Soddo is very large. Altitude has a large 
impact on plants and organisms, so this probably affects the growing of the Canavalia sp. along 
with the difference in average temperatures. Also, during its growing period in Mombasa, there 
were many seeds, but very few ripe seeds. This shows that when produced, the seeds don’t 
mature; rarely do they ripen. 
 
Hypothesis #1: My first hypothesis as to why the Canavalia sp. won’t produce seed is because 
of its growing environment. As stated above, the altitude difference between the two areas is 
very large. The higher the altitude, more rain, less sunshine, and cooler temperatures are present. 
Mombasa has an elevation of about 50 meters, which is a huge difference from Soddo’s 1,600-
2,100 meter elevation. I would try altering the growing environment of this Canavalia sp., giving 
it more sunshine and a warmer temperature. 
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#2: Another one of my hypotheses is the flowers don’t produce any pollen. Seeds won’t be 
produced if no pollen is present on the flowers.  
 
#3: It was discovered that some of the flowers do contain pollen after dissecting flower samples. 
Now, my hypothesis is that the pollen doesn’t germinate or isn’t viable. In order to figure this 
out, I needed to germinate and stain the pollen. When pollen germinates in sucrose solution, it 
grows a pollen tube, which then fertilizes the ovules in the ovary, thus creating seeds. Pollen that 
stains will turn a fluorescent color when observed under the UV blue light under the microscope 
lens. If the pollen fluoresces, it means it’s viable. This hypothesis will also be discussed later in 
the testing section under germinating/staining. 
 

Tests Performed/Results on Onobrychis arenaria 

Change of Environment: Because my hypothesis as to why it won’t flower is due to its growing 
and environmental conditions, I decided to see if that was truly the issue. I felt the Onobrychis 
arenaria should be placed in an incubator for 4-6 weeks to try to imitate the winter season it 
requires. The incubators haven’t been used for two years, so it took a few weeks to fix and get 
them working again. When they were ready to use, Dr. Jean thought it would be better to try 
vernalization on a different plant first. The Forage Diversity Genebank only has one Onobrychis 
arenaria plant in the greenhouse and has a very limited amount of seeds of it. During my 
internship, I wasn’t able to try vernalization, the dormant and winter period, on the Onobrychis 
arenaria, so there aren’t any results from this test. 

Tests Performed/Results on Canavalia sp. located in Zwai 

Germination of Pollen: The sucrose solution to see the germination 
of pollen was created on June 10th. I germinated the pollen grains of 
the Canavalia sp. on June 18th. For the germination process, I placed 
one drop of the solution onto the right side of the slide. I then held 
the opened flower over the drop of sucrose solution and used the 
forceps to knock the pollen off the anthers and into the sucrose 
solution. After that, I followed the same procedure on the left side of 
the slide. I repeated this process a second time on another slide. It 
takes about four hours for pollen to germinate in this solution. While 
it germinates, it has to be placed in an incubator at a constant 
temperature of 30°C, the ideal temperature for germination to occur. 
After the four hours, I was unable to find any pollen tubes growing 
out of the pollen grains. The morning of June 19th, I decided to 
observe the pollen grains again. Some pollen tends to take longer 
germinating. There still weren’t any pollen tubes growing, so I 
concluded that the pollen on this species of Canavalia doesn’t germinate.  

Even though this Canavalia won’t germinate, it could still be viable. This means that the pollen 
could pollinate the flower and result in seed pods producing. To test out the viability of the 
pollen I had to create a stain. I created the staining solution on June 19th. The Genebank had all 
of the chemicals needed for the stain except Malachite Green, with which was replaced with 
Brilliant Green. The process for staining pollen is similar to germinating it. When a pollen grain 
is viable, it will turn green, and if it’s not viable, it will not change. 
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Aniline Blue Fluorochrome Staining: On July 3rd, I started the process of testing the viability 
of the pollen. This solution would make the viable pollen fluorescent. There are five main steps 
to the Aniline Blue Fluorochrome Staining. These steps are located in Appendix 6. In order to 
observe the pistils under the microscope, they had to be placed on a slide with a cover slip on top 
to flatten it out. The pistils are very large though, so I had to press down on the cover slip in 
order to flatten the cover slip down so it lied flat on the slide. I did that, but I still wasn't able to 
see the ovules inside the pistil, so I had to flatten down the cover slip even more! I used a heavy 
microscope plate so my fingerprints didn’t get onto the cover slip. I heard a small "pop!" and 
immediately picked up the microscope plate to see what had happened! Underneath, I found a 
large yellow glob near the stigma. I had no idea what it was because looking at the pistil under 
the microscope before, I didn't see anything. Now, this light yellow glob appeared that popped 
right out of the pistil! 
 
I decided to observe this under the microscope to find out what it was! Under the UV light, the 
huge clump was a large fluorescing mass! It didn't look like the pollen I've been observing 
though, so I wasn't sure if it was pollen or not. I thought I saw a few grains, but they were 
extremely small, so maybe it wasn't pollen at all and just a different structure that fluoresced. 
When Dr. Jean looked at it, she said it looked to be pollen but was difficult to tell and wasn't for 
certain either. After a little bit more time looking at it, she declared it wasn't pollen. After 
looking at it, we found a few oval-beanlike figures that contained a nucleus and other structures 
in cells. Out of the thousands of oval-beanlike figures, only a few were found to be developed 
and containing a nucleus, meaning they’re underdeveloped. Dr. Jean also had Yeshe look 
through the microscope to see what she thought this huge mass was, but she had no idea either. 
For something to compare to, Yeshe and I dissected a few flower samples I had taken of 
the Canavalia sp. in Zwai to see what the pollen looked like. I dissected 10 different flowers and 
didn't find pollen on any of the anthers. This means that all of those are sterile. If all 10 of those 
flowers are sterile, that means many more flowers must also be sterile.  

Hand Pollination: On June 30th, I traveled to Zwai to help with gathering samples for DNA 
molecular testing. Because it’s flowering, but not producing seed, I’m thinking maybe it’s not 

pollinating correctly. To find this out, I decided to hand pollinate it 
while there. I used the pollen off one of the flowers on an inflorescence 
and pollenated two flowers on a different inflorescence. While doing 
some research about Canavalia sp., I found a list that included many 
different Canavalia’s and for the ones it listed, they were known for 
out-crossing pollination. Because of this, there is a large chance that my 
Canavalia sp. of study also outcrosses. There are multiple plants of 
each species planted in each plot in Zwai. While hand pollinating, I had 
to make sure that I used flowers from different plants. If I didn’t, the 
pollination might not work.   

Because there are two different Canavalia sp. accessions being grown 
in Zwai, I thought that maybe my Canavalia of study would seed if I 
hand pollinated it with the other Canavalia sp. The plants have different 
accession numbers, but since no one knows the species of either, there 

is still a slight chance that they could be the same species. I decided to try hand pollinating my 
issue Canavalia sp. using the pollen from the Canavalia sp. that is growing perfectly. The plots 
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they’re grown in are a distance away from each other, so there was a chance that I lost some 
pollen on the way to my one of study, but when I did the pollination, I still saw a large amount of 
pollen attached on the paintbrush and falling off onto the anthers. I performed the same 
procedure on a few of these flowers as I did before. 

After every flower I pollinated, I placed a tag around it so that it 
was known which flowers were pollinated. This will make is 
convenient and easier to observe in the future. On the tags I 
pollinated using the same accession number plant, I wrote down: 
“Hand pollinated, pollinated with same accession 1251, 30 June 
2014.” For the tags that I pollinated using the different accession 
of Canavalia sp., I wrote down: “Hand pollinated, pollinated with 
different accession: 15592, block 873, 30 June 2014.” 

I was able to travel to Zwai two weeks after my hand pollination 
to see if any seed pods had been produced. If not, I was going to gather some samples from the 
plot and examine them further in the lab. When I reached the plot, I spotted two seed pods near 
the area I had hand pollinated! I’m pretty sure these were from the two flowers I had pollinated 
because even though the tags fell off, I found them under some leaves very close by. I then 
taught Tekla, a manager at Zwai, how I hand pollinated the flowers so he can continue that 
process and produce more seeds. 

Tests Performed/Results on Canavalia sp. located in Soddo 

Germination/Staining of Pollen: While the pollen was still fairly 
fresh, I decided to germinate it. Pollen dries out within 24 hours, but 
since the flowers were placed in the refrigerator as soon as possible, 
there was a chance the pollen still was okay to use. I used the sucrose 
solution that was made on June 10th to germinate the pollen. I placed 
one drop of the sucrose solution on the right side of the slide, then 
used the forceps to knock the pollen off the anthers and into the 
solution. I repeated this on the left side of the slide. I then used a 
different flower containing pollen and repeated this process. This way 
I would have more data to look at. I didn’t check to see if the pollen 
had germinated yet because I used the staining solution after that so 
that the germinated pollen would stain. This will help me see the 
germinated pollen easier as well as see if the pollen is viable or not. 
While looking through the microscope, no germinated pollen was 
found, and only a few appeared to be stained. 

 
Conclusion: Onobrychis arenaria is a perennial legume typically grown in temperate zones. 
This means every year, it needs to go through vernalization, or a dormant period. For plants in 
temperate zones, this period occurs during winter. “It is usually essential for an organism to 
undergo periods of inactivity which may require the formation of special protective structures, 
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and these periods are represented by the several states and degrees of dormancy. The 
development of dormancy has therefore been a major factor in evolution which has allowed the 
synchronization of life processes among the members of a population, and between their 
successive developmental stages and seasons. It may be concluded that dormancy is a state in 
which, even though normally favourable conditions of warm temperatures, adequate water and 
aeration are supplied, growth and development do not take place until a special set of conditions 
has been experienced.” (Villiers) Because of this, I believe this is the reason the Onobrychis 
arenaria plants hasn’t flowered in the time it’s been planted in the greenhouse in 2008. 

Through much research and many tests, there was finally a result for the Canavalia sp. located in 
Zwai. The Aniline Blue Fluorochrome Staining test was what really aroused questions. There 
was a large fluorescing mass that popped out of the pistil which appeared to look like 
underdeveloped pollen. After looking for pollen in other flower samples to compare the 
fluorescing mass to, I was unable to find any. Because of this, I can say that most likely, the 
majority of the flowers on this plant are sterile, thus preventing it from producing seeds. The 
staining was performed after I had already hand pollinated four flowers in the plot in Zwai. Two 
weeks after the pollination though, two seed pods were found growing on one of the 
inflorescences I had hand pollinated. The seed pods had formed from the pollination of the same 
accession number. Dr. Jean has had numerous people do years and years of research about the 
Canavalia genus, trying to figure out what the problem was and how to make them produce 
seeds. They've been working on figuring out a solution for many years now, and I finally 
uncovered it. The seeds inside each pod are very large, so there are only a couple of seeds in 
each. This means that many pods will have to be produced in order to gather a large amount of 
seeds to start growing for production. From now on, Tekla will continue to hand pollinate the 
Canavalia sp. using the same process I used to try to replicate what I did and produce more seed 
pods. 

My recommendation on what to do for the Canavalia sp. located in Soddo is to try hand 
pollinating the flowers. When I germinated and stained the pollen, it looked similar to the pollen 
from the Canavalia sp. located in Zwai. Because of this, the same issue with their reproduction is 
likely to be occurring. This is why I believe that hand pollinating it will be the solution. Hand 
pollination will be more successful if done early afternoon because then the flowers have had 
some time to dry off from the night, but not too hot to dry the pollen out. Also, then the pollen 
isn’t wet from the morning dew. 

I am at a lack of words to describe how much of an impact my time at ILRI has had on my life. It 
has taught me to be an independent person, as well as hardworking. Every single task I 
performed was extremely tedious and required patience. Not one job was completed in the period 
of just one day. Each and every task contained multiple steps, and each step took a long time to 
prepare and carry out. Dr. Jean was talking to me one day about the importance of science and 
how much work it requires and I’ll never forget what she said:  

“Science is a lot of intricate work. You have to be very meticulous when doing anything. 
If you don’t have the patience or dedication to carry out all the tasks required, then don’t 
come into the science field. There’s a lot to it and it’s the basis for everything; if you 
don’t put forth all of the effort, your end product won’t be accurate, and that data isn’t 
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reliable. Don’t make that mistake. Work hard, complete all the steps thoroughly, and do 
everything yourself; don’t tell others to do it for you. You’ll get the best results if you do 
things yourself with some help.” 

There are so many things I learned here; I learned not just science, but about myself and the 
culture and nature of another country and its people. Having the two different Canavalia sp. 
grow in Zwai and Soddo, I was able to travel to both field sites in order to visit them and observe 
the growing environments of both plants. The field sites are very different from each other when 
it comes to irrigation, soil types, and how and where plants are planted. On another occasion of 
traveling, I interviewed nine seed producers that are growing forages through the FeedSeed 
program. On the questionnaire I created, my questions ranged from their highest education level 
to their seed yield to how they got into seed production. Hearing each of their stories was truly 
inspiring. All of their stories were so different, and yet, I could find a connection to all of them. 
For most of the seed producers, seed production was their way of making it through. They had 
no choice. On average, they grew crops on less than 8 acres of land. This was how they were 
trying to make their way through life.  I couldn’t believe this. These interviews with the seeds 
producers really helped to open my eyes to the way of life here, and for that, I could never thank 
them enough for sharing their stories with me. 
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Appendix 1—Compiled Plant Information 
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Appendix 2—Distribution Maps of Plants 

Onobrychis arenaria 

 

Canavalia sp. 
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Appendix 3—Field Map of Soddo and Zwai 

Soddo Top Field 
Row 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

24 622 621 620 619 618 617 616 614
23 612 611 610 609 608 607 606 2001
22 602 601 600 599 598 597 596 593 2002
21 592 591 590 589 588 587 2003
20 583 582 581 580 579 578 2004 240
19 574 573 572 571 570 569 566 2005 238 239
18 565 564 563 562 561 560 559 2006 230 231 232
17 555 554 553 552 551 550 549 536 2007 218 219 220 221 222
16 545 544 543 542 541 540 539 537 2008 204 205 206 207 208 209
15 535 534 533 532 531 530 529 2009 189 190 191 192 193 194 195 196
14 525 524 523 522 521 520 519 506 2010 173 174 175 176 177 178 179 180 181
13 515 514 513 512 511 510 509 506 2011 155 156 157 158 159 160 161 162 163 164 165 166
12 505 504 503 502 501 500 499 2012 136 137 138 139 140 141 142 143 144 145 146 147
11 495 494 493 492 491 490 489 488 2013 116 117 118 119 120 121 122 123 124 125 126 127 128
10 485 484 483 482 481 480 479 476 2014 97 98 99 100 101 102 103 104 105 106 107 108 109
9 475 474 473 472 471 470 469 467 2015 77 78 79 80 81 82 83 84 85 86
8 465 464 463 462 461 460 459 2016 59 60 61 62 63 64 65 66
7 455 454 453 452 451 450 449 446 2017 43 44 45 46 47
6 445 444 443 442 441 440 439 2018 29 30 31
5 435 434 433 432 431 430 429 2019 16
4 425 424 423 422 421 420 419 416 2020 Canavalia sp. Accession #12761
3 415 414 413 412 411 410 409 Canavalia sp. Accession #1251
2 408 407 406 405
1 404 403

Col  

Zwai 

Row 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
31 966 967 968 969 970 971 972 973 974 975 976 977 978 979 980 981 982 983 984 985 986 987 988 989 990 991 992 993 994 995 996 997 998 999 1000 1001 1002
30 965 945 922 899 876 853 829 805 781 757 733 708 683 658 633 608 582 556 530 504 477 450 423 396 374 352 330 308 286 264 242 220 198 173 152 124 94 64
29 964 944 921 898 875 852 828 804 780 756 732 707 682 657 632 607 581 555 529 503 476 449 422 395 373 351 329 307 285 263 241 219 197 172 151 123 93 63
28 963 943 920 897 874 851 827 803 779 755 731 706 681 656 631 606 580 554 528 502 475 448 421 394 372 350 328 306 284 262 240 218 196 171 150 122 92 62
27 962 942 919 896 873 850 826 802 778 754 730 705 680 655 630 605 579 553 527 501 474 447 420 393 371 349 327 305 283 261 239 217 195 170 149 121 91 61
26 961 941 918 895 872 849 825 801 777 753 729 704 679 654 629 604 578 552 526 500 473 446 419 392 370 348 326 304 282 260 238 216 194 169 148 120 90 60
25 960 940 917 894 871 848 824 800 776 752 728 703 678 653 628 603 577 551 525 499 472 445 418 391 369 347 325 303 281 259 237 215 193 168 147 119 89 59 34
24 959 939 916 893 870 847 823 799 775 751 727 702 677 652 627 602 576 550 524 498 471 444 417 390 368 346 324 302 280 258 236 214 192 167 146 118 88 58 33
23 958 938 915 892 869 846 822 798 774 750 726 701 676 651 626 601 575 549 523 497 470 443 416 389 367 345 323 301 279 257 235 213 191 166 145 117 87 57 32
22 957 937 914 891 868 845 821 797 773 749 725 700 675 650 625 600 574 548 522 496 469 442 415 388 366 344 322 300 278 256 234 212 190 165 144 116 86 56 31
21 956 936 913 890 867 844 820 796 772 748 724 699 674 649 624 599 573 547 521 495 468 441 414 387 365 343 321 299 277 255 233 211 189 164 143 115 85 55 30
20 955 935 912 889 866 843 819 795 771 747 723 698 673 648 623 598 572 546 520 494 467 440 413 386 364 342 320 298 276 254 232 210 188 163 142 114 84 54 29
19 954 934 911 888 865 842 818 794 770 746 722 697 672 647 622 597 571 545 519 493 466 439 412 385 363 341 319 297 275 253 231 209 187 162 141 113 83 53 28
18 953 933 910 887 864 841 817 793 769 745 721 696 671 646 621 596 570 544 518 492 465 438 411 384 362 340 318 296 274 252 230 208 186 161 140 112 82 52 27 11
17 952 932 909 886 863 840 816 792 768 744 720 695 670 645 620 595 569 543 517 491 464 437 410 383 361 339 317 295 273 251 229 207 185 160 139 111 81 51 26 10
16 951 931 908 885 862 839 815 791 767 743 719 694 669 644 619 594 568 542 516 490 463 436 409 382 360 338 316 294 272 250 228 206 184 159 138 110 80 50 25 9
15 950 930 907 884 861 838 814 790 766 742 718 693 668 643 618 593 567 541 515 489 462 435 408 381 359 337 315 293 271 249 227 205 183 158 137 109 79 49 24 8
14 949 929 906 883 860 837 813 789 765 741 717 692 667 642 617 592 566 540 514 488 461 434 407 380 358 336 314 292 270 248 226 204 182 157 136 108 78 48 23 7
13 948 928 905 882 859 836 812 788 764 740 716 691 666 641 616 591 565 539 513 487 460 433 406 379 357 335 313 291 269 247 225 203 181 156 135 107 77 47 22 6
12 947 927 904 881 858 835 811 787 763 739 715 690 665 640 615 590 564 538 512 486 459 432 405 378 356 334 312 290 268 246 224 202 180 155 134 106 76 46 21 5
11 946 926 903 880 857 834 810 786 762 738 714 689 664 639 614 589 563 537 511 485 458 431 404 377 355 333 311 289 267 245 223 201 179 154 133 105 75 45 20 4
10 1004 925 902 879 856 833 809 785 761 737 713 688 663 638 613 588 562 536 510 484 457 430 403 376 354 332 310 288 266 244 222 200 178 153 132 104 74 44 19 3
9 1003 924 901 878 855 832 808 784 760 736 712 687 662 637 612 587 561 535 509 483 456 429 402 131 103 73 43 18 2
8 923 900 877 854 831 807 783 759 735 711 686 661 636 611 586 560 534 508 482 455 428 401 130 102 72 42 17 1
7 830 806 782 758 734 710 685 660 635 610 585 559 533 507 481 454 427 400 stores offices screen 129 101 71 41 16
6 709 684 659 634 609 584 558 532 506 480 453 426 399 128 100 70 40 15
5 583 557 531 505 479 452 425 398 127 99 69 39 14
4 478 451 424 397 126 98 68 38 13
3 125 97 67 37 12
2 96 66 36
1 Canavalia sp. Accession #1251 95 65 35

Col Canavalia brasiliensis Accession #15592
Canavalia ensiformis Accession #14997
Canavalia ensiformis Accession #14881
Canavalia ensiformis Accession #14210
Canavalia ensiformis Accession #14336
Canavalia ensiformis Accession #15013
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Appendix 5—Recipe and Procedure for Germination 

3.4.1 Germination of pollen grains in sucrose 

Sucrose concentrations 5%, 10%, 15%, 20%, 25%, and 30% were tested. Each concentration was 

made by dissolving the sugar in calcium phosphate buffer (0.015M and pH 5.9) containing Boric 

acid (0.01%). From 3 randomly selected trees, 3 flower buds of different size (17-24 mm) were 

picked and the size of each bud measured. Then each bud was opened using a fine forceps and 

few pollen grains were picked and placed on 2 drops of each sucrose concentration on a 

microscopic glass slide. The pollen grains were uniformly dispersed in the drops and incubated 

in an incubator at 30 C and 90% RH for 3 hours. The number of germinating pollen grains were 

counted using an Olympus microscope under X100 magnification and 20 field of view for each 

concentration. A pollen grain was scored as germinated if an entire tube produced is greater than 

the grain diameter (Roberts et al., 1982).   
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Appendix 6—Recipes and Procedures for Staining 

Bedinger Lab Tomato: Pollen Staining Protocols 

(September 22, 2010) 

Emasculation   

1. First, emasculate -1 stage tomato flowers (closed to slightly separating pale yellow petals. 
This is the stage of flower right before Bud Break, before any pollen is released from the 
anthers. The idea is that you are emasculating a flower that if left alone would open after 
24hrs) by removing the anthers.   

2. Mark the flowers by labeling with the female accession #, what it will be use for, and the 
date of pollination. Wait 24hrs.   

3. Pollination is performed the next day by touching the stigma onto a surface (e.g. a 1.5 ml 
microfuge tube lid, or flower anthers) covered with pollen.  Note: Pollen can be collected 
various ways, we mimic the vibration of bumble bee by using a hand-held tooth polisher 
to collect the pollen in a microfuge tube.    

4. Pollinations are allowed to progress for 24 hours, unless specified otherwise (pollen tubes 
tend to be about 40% of the way down the style at 6 hours in a compatible/congruent 
pollination). Field flowers should be protected from pollinators by covering the 
inflorescence.   

Fixing Pistils  

1. After the desired amount of time post pollination, the remaining sepals, and petals are 
removed from around the pistil.   

2. Using a scalpel or razor blade the pistil is cut at the base of the ovary just above the pedicel.   

3. The excised pistil is placed in a 1.5 ml microfuge tube containing 0.5 ml (enough to 
completely submerge pistils) 3:1 95% EtOH: glacial acetic acid and left overnight or indefinitely.   

Softening Pistils  

1. Fix is removed by piptetting, and pistils are then submerged in 0.5 ml 5 M NaOH softening 
solution for 24 hours. Note: the tissue becomes extremely fragile and can be easily damaged after 
this stage.  Also, the pistils tend to float right after adding NaOH so it good to gently shake the 
tube after a couple of hours and get the pistil to sink to the bottom.   

Staining Pistils  

1. After 24 hours the 5 M NaOH is carefully removed by pipetting (taking care not to disturb the 
pistil) and the pistil is gently washed 3-5 times with 0.5 ml ddH20 each time.   

2. After the last wash the ddH2O is removed and replaced with 0.2 ml 0.001mg/ml ABF (Aniline 
Blue Fluorochrome) in 0.1M K2HPO4 pH 10 buffer.    
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a. Aniline Blue Fluorochrome was obtained from Biosupplies Australia 
(http://www.biosupplies.com.au). We prep a stock solution of 0.1mg/ml in ddH2O from 
the dry ABF they send. This is stored at +4 C. A further dilution of the stock solution to 
make a working stock solution is done using a 1:20 dilution of the stock solution into 
0.1M K2HPO4.  (In the past we have also used a 100X solution works best for us but you 
should try different amount that best work for your system).   

3. Once the stain is added to the tubes, samples are immediately placed in the dark and allowed 
to sit for about 24hrs for best staining.    

Mounting/Viewing Pistils  

1. After incubation in ABF for 24 hours, pistils are removed and placed in a drop of 50% 
Glycerin on a microscope slide and covered with a cover slip.   

2. View with a standard fluorescence microscope capable of exciting with a UV light source and 
DAPI emission filters to view the fluorescent signal from the tissue.   

3. After viewing is complete, take nail polish and seal the edge of each cover slip. This stores the 
slide material so that we may return to it later. 

 
www.irbtomato.org/Aniline_Blue_Staining_Protocol.pdf 
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A simplified method for differential staining of aborted 
and non-aborted pollen grains 
Ross Peterson,1 Janet P Slovin,2 Changbin Chen1 

1Department of Horticultural Science, University of Minnesota, MN, USA; 2Genetic Improvement of Fruits 
and Vegetables Laboratory, United States Department of Agriculture, Baltimore, MD, USA 

Stain solution 
The final stain solution we used was prepared by adding the following constituents in the order given 
below and stored in the dark.  
10 mL 95% alcohol 
1 mL Malachite green (1% solution in 95% alcohol) 
50 mL Distilled water 
25 mL Glycerol 
5 mL Acid fuchsin (1% solution in water) 
0.5 mL Orange G (1% solution in water) 
4 mL Glacial acetic acid  
Add distilled water (4.5 mL) to a total of 100 mL. 

Staining 
Following at least two hours of fixation, the bud can be placed on a microscope slide and the fixative’s 
liquid was thoroughly and carefully dried from the plant material with absorbent paper. Proper safety 
gloves should be worn to avoid the risk of chloroform from being absorbed through the skin. Apply 2-4 
drops of the stain solution before the sample completely dries. If flower buds have been collected instead 
of free anthers, the buds should be dissected to release the anthers and pollen. Under a dissecting 
microscope the leftover plant debris can be carefully removed. To save stain solution, samples can be 
dissected prior to putting individual anthers into stain. Some anthers, such as those of Magnolias, are too 
large to be viewed intact and must be dissected further. 
Once the sample is in the stain, slowly heat the slide over an alcohol burner in a fume hood until the stain 
solution is near boiling (~30 seconds). A more moderate rate of heating allows better penetration of the 
dye into the cellulose and protoplasm of the pollen. Extremely high temperatures resulting in smoking or 
bubbling of the stain can burn the dye and the sample. Heating can be adjusted by briefly moving the 
slide in and out of the flame. To ensure stain has been completely absorbed into the pollen grains, 10 to 
15 minutes should be allowed for some species such as Lonicera tatarica, Ginkgo biloba, Pinus 
resinosa and Rhododendron mucronulatum. 

Imaging 
Place a cover-slip over the sample and apply even pressure on the cover-slip to ensure that all plant 
components converge to one plane. The cover-slip can be sealed using nail polish or wax. Slides were 
examined using a Leitz microscope (Ernst Leitz Wetzlar GmbH, Germany). Micrographs were taken using 
a Spot Insight digital camera (Diagnostic instruments, Inc. Sterling Heights, MI, USA) and edited with 
Adobe Photoshop CS2 (Adobe Systems Inc. CA, USA).  
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