HOW SCARTFICATION AFFECTS
THE GERMINATION AND
GROWTH OF PEAS



QUESTION

WHTCH TS THE BEST FOR PEA SEED GERMINATION, NICKED, SANDED DOWN, DR UNSCARRED!
WILLTT TAKE LONGER FOR THE UNSCARRED PEA SEED TO SPROUT!

LF THE UNSCARRED SEED SPROUTS LATER, WILL T STAY SMALLER THAN THE SCARRED PLANTS, OR WILL TV GROW
OUT BIGGER THAN THE OTHERS!



Research/Q&A
Q. What role do seeds play in supporting life on Earth?

A.  Plants help us because they maintain the atmosphere by providing oxygen and absorbing carbon dioxide
during photosynthesis.

Q. How does a sprout develop from a seed?

A. A plant contains all of the things that it need to start growing and sprouting. It contains its own food and all of
the instructions necessary.

Q. What are the characteristics of seed germination and seedling growth?

A.  Germination and seed growth are basically known as the same thing. The definition of germination is......
Germination Is the budding of a seed after it has been planted in soil and remained dormant for a certain
period of time. For Plants and fruits that reproduce through seeds and pollen, the seeds eventually grow into
young plants through the process of seed germination.

Q. What role does the environment play (biotic and abiotic) in seed germination and growth?

A.  Well in order for seeds to grow and germinate they need things like sunlight, temperature atmospheric gases,
water and soil. These things are all abiotic factors. In terms of biotic factors, plants and things like fungi

animals and bacteria are biotic factors. So, this means that the biotic factors uses a lot of the abiotic factors to
live.



INSIGHT FROM MENTOR

As for your seed project, I actually do know a bit about scarification. Many species, particularly those with large
seeds (many trees, for example) require scarification in order to germinate. This could be due to many factors, but a
common one is that plants that produce fruits are often eaten by animals with teeth or grinding digestive tracts
that would Kkill the seed if it was small. In response, plants produce seeds that are thick and hard in order to survive
this process, and the mechanical action of being eaten allows germination to take place after the seed has exited
the digestive tract. This process is known to scientists as endozoochory. - Alex (our mentor) said.

What types of seeds will you be trying to germinate? Can you think of any reasons why scarification might be
beneficial to those species? Think of the way the seeds are dispersed or the environmental conditions that the
plants face that might require having hardier seeds. - questions he asked that got us thinking more about our
experiment.

Amazing, your experiment is turning out almost exactly as expected. You can trust me when I say this is very rare.
Do you have any thoughts about this type of experiment might work if you had used different species? What seed
traits do you think might reproduce the results you saw, and what seed traits might lead to different results?



YPOTHESIS

LFWE SAND DOWN A PEA SEED, TT WILL GERMTNATE FIRST, BEFORE A NTCKED PEA SEED AND AN UNDAMAGED
PEA SEED. [T WILL THEN GROW THE BEST (ROOTS LONGEST, STEM TALLEST)

THIS TS OUR HYPOTHESTS BECAUSE THE EMBRYO NEEDS TO BURST OUT OF THE SEED COAT T0 SPROUT.
SCARTFICATION WEAKENS THE SEED COAT, AND SANDING TT DOWN MORE SO, 50 THE SEED WILL SPROUT AT A
FASTER RATE WHEN TT 15 SANDED DOWN.



VARTABLES

[DENTIFY

SCARTFICATION- NAKED AND SANDED SEEDS

DEPENDENT- RATE OF GERMINATION AND GROWTH OF THE SEEDS
CONSTANTS- AMOUNT OF WATER, TYPE OF PAPER TOWELS, AREATT WAS IN
CONTROL- UNSCARRED SEED



MATERTALS

3 CLEAR LD CASES

3 CLEAR SLIPS OF PLASTIC WITH SQUARES THAT MAKE A GRID
3 STYROFOAM STANDS (ROLDS UP CD CASE)

3 PLASTIC TRAYS

13 PEA SEEDS

EXACTO-KNTFE (OR ANY SHARP OBJECT THAT CAN CUT A SEED)
SANDPAPER
WATER 10 - 1) Ml
3P RTOW

RULE



PROCEDURE

L GET '3 PLATN (D CASES AND 3 CLEAR GRIDS. PUT THE GRIDS INSTDE THE CD CASE SO THAT 1T STAYS IN
PLACE

J. TAKEYOUR THREE PAPER TOWELS, AND CUT T OR RPIT SO THAT TV IS 20 (M (5 INCHES) BY 12 (M (4
&), AND THEN FOLD THE TOP SO TT MAKES ONE SECTION OF LINCH. DO THAT FIVE TIMES S0 THAT
THERE ARE S SMALL SECTTONS AND 1 316 § [TIUN.

3. CUTFIVE PEA SEEDS SO THAT THE HOLE TN THE SEED COAT ARE 0.5 CM WIDE ON BOTH SIDES - (THE CIRCLE

15°0.5 CM ACRDSS ONE WAY, AND 0.5 (M ACROSS THE OTHER WAY.

L SAND DOWN  PEA SEEDS SO THAT THE WHOLE COAT COMES OFF. THE RESULT SHOULD BE A YELLOW SEED

(THE TNSTDE OF A PEA SEED T YELLOW)



PROCEDURE

). UPEN ONE CD CASE AND PUT ONE OF THE SETS OF FIVE SEEDS TN IT, AT THE LINE TN BETWEEN THE §TH BOY
AND THE TH BOX. MAKE 17 50 THE SEEDS ARE PLACED AT EVERY OTHER SQUARE SO THEY HAVE RDOM TO GROW.
THEN PLACE THE PAPER TOWEL ON TOP OF THE SEEDS, SO THAT THE THICKEST PART (THE PART WITH ALL OF THE
FOLDS) TS ON TOP OF THE SEEDS, AND THE BIGGER FOLD OF THE PAPER TOWEL TS HANGING DOWN BELOW THE
END OF THE CD CASE. (WE DD THIS FIRST, HOWEVER WE WEREN'T SURE TT WOULD WORK WELL, SO WE CHANGED
[0 THAT THE WHOLE TOWEL WAS FOLDED INTO L INCH SECTIONS, AND THE SEEDS WERE PLACED TN A SORT OF
SECTION. THIS DIDN'T WORK WELL, S0 WE WENT BACK TO THE FIRST IDEA WITH THE FOLDED PAPER TOWELS,
AND IT WORKED BETTER)

. DO THE SAME THING FOR THE OTHER TWO SETS OF SEEDS.



PROCEDURE

[ AFTERYOU SET UP THE LD CASES, MAKE SURE THAT WHEN YOU STAND THEM UP, THE SEEDS DON'T MOVE

AROUND. LF THEY DO, REDO THE PROCESS SO THAT THEY DON'T MOVE. LF THEY DON'T, SPLIT THE MIDDLE OF

THE PART OF THE PAPER TOWEL THAT TS HANGING BELOW THE CD CASE SO THAT THE STYROFOAM STAND CAN BE
[t

PUT ON WITH LESS PROBLEMS.
. PUT THE STYRDFOAM ON THE (D CASE SO THAT IT ACTS AS A STAND.
1. PLACE EACH CD CASETN A SEPARATE PLASTIC TRAY, SO THAT THERE ARE THREE DIFFERENT SET-UPS.






PROCEDURE

10. WATER EACH SET OF SEEDS WITH 10-15 ML OF WATER (YOU CAN TEST A CERTAIN AMOUNT ON THE FIRST
DAY, ANDIHHEPAPERTOW 15 COMPLETELY DRY THE NEXT, UP THE AMOUNT). MAKE SURE THE ENDS OF THE
PAPE RTOW FLS ARE SOAKING UP THE WATER, SO THAT TT REACHES THE SEEDS. (ON THE FIRST DAY, WE WATERED
OUR SEEDS WITH 10 ML OF WATER, BUT WE NOTICED THAT THE PAPER TOWEL WAS BARELY DAMP, AND THE SEEDS
LOOKED REALLY DRY, SO WE UPPED THE AMOUNT OF WATER TO 15 ML, AND THEN POURED 2 ML OF WATER
DOWN THE OPENTNG OF EACH CD CASE S0 THE WATER WOULD DIRECTLY HIT THE SEEDS. WE DIDN'T CONTINUE
WLTH THE WATERING FROM ABOVE AFTER THAT, HOWEVER WE BELLEVE THAT IT HAD A PART TN THE
GERMINATION OF TRE SEEDS.

L1 WATER THE SEEDS EVERY OTHER DAY, ROWEVER TF THE EXPERTMENT 15 BEING DONE AT SCHOOL, WATER EVERY
FRIDAY NO MATTER WHAT (EVEN TF YOU WATERED THE DAY BEFORE)



PROCEDURE

1. MEASURE THE LENGTH OF THE SEEDS EVERYDAY (LF THEY HAVE GERMINATED). WHEN THE SPROUT POPS FROM
THE SEED, YOU RAVE THE CHOTCE OF ALSO MEASURING THAT, OR ONLY CONTINUING WITH MEASURING THE

R00TS.



DATA

Data table of seed growth and germination



https://docs.google.com/spreadsheets/d/1HdUYK5z1ULWRlhfAStFyMv-g_W26EQMkAd5LwC6lX2M/edit#gid=0
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On 10/25/18, Sanded
down seeds 2, 3, and
4 germinated,
however we focused
on the fact that it
germinated, not the
size. On the same
day, nicked seed 3
germinated as well.

GRAPH OF THE ROOT LENGTH
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DATA ANALYSIS

®  [HESEED SCARTFICATION METHOD THAT WAS MOST EFFECTIVE FOR OUR SEED GERMINATION WAS
SANDING DOWN THE SEEDS. THE SEED SCARTFLCATION METHOD THAT WAS MOST EFFECTIVE FOR OUR SEED
GROWTH WAS NTCKED. QVER THE COURSE OF § DAYS OUR NTCKED SEEDS GREW TO A MEAN OF & (M THE
HETGHT SCALE WAS BETWEEN & AND 6.5 (M. THE OVERALL SEED THAT GREW THE BEST WAS THE CONTROL
THE MEAN WAS 3./ AND THE SMALLEST WAS O CM BUT THE TALLEST WAS b CM. THE SANDPAPER
GERMINATED THE FASTED [AU EOHH SEED GERMINATED ON THE FIRST DAY WE NOTICED THAT
THE SANDPAPER WEAKENED THE SEED COAT SO THE EMBRYO COULD BUST OUT. THE NICKED SEEDS HELPED
THE SEED TN THE LONG RUN BECAUSE THE CUT PROVIDES CARE FOR THE SEED.



CONCLUSION

WE KNOW THAT THE PART OF OUR HYPOTHESTS THAT SAYS THAT THE SANDED DOWN SEEDS WOULD GERMINATE
FIRST IS SUPPORTED, BUT THE PART WHERE WE SALD IT WOULD GROW THE BEST IS NOT.

WE KNOW THAT ONE PART 15 SUPPORTED BECAUSE THE SANDED DOWN SEEDS GERMINATED FIRST. THE OTHER
PART WAS NOT SUPPORTED WHEN WE SATD THAT IT WOULD GROW THE BEST BECAUSE WE MEASURED THE SEEDS
AND CALCULATED THE MEAN OF OUR DATA, AND THE CONTROL SEEDS WERE THE BEST, NOT THE SANDED

DOWN.

THIS MEANS THAT WE HAD PARTIAL OF OUR HYPOTHESIS SUPPORTED WHICH WAS RARE ACCORDING T0 OUR
MENTOR, AND IT WAS GREAT NEWS TO HEAR.



