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STANDARDS

Next Generation Science Standards

HS-ESS3-4: Evaluate or refine a technological solution that reduces impacts of human activities
on natural systems.
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https://www.amazon.com/Fixwal-Organizer-Rectangular-Dividers-Cosmetics/dp/B0BX2FKWQJ/ref=sr_1_31?crid=1VGTE4C8T15J6&dib=eyJ2IjoiMSJ9.7_kn8eZuwUVaLkaMpRNxtbKCEb_bQUJgJxC8I4-_v0yhBsrd3WxBPj4_bZ3jT3IoLDcj_X01ZjhnM2eYPKhlHhBqCaqJ0dzcNzXMS84mMxQg7FMqSnYKsg8SoMt4s8hpFSGPXrGPItIrdkqa8-8KrGwlc_PE6UwrFF9Y9SP2JUAWfooDrtFkupmg_6YNXmp7VJGljsQDYhHwQZsD2lWeZxdpvjhiEpwODDoG9GypOP9zxHUQbrL4bEfTHVHxVkjYiIUFq4TKZaSfSqRjro3uXp2nKQROVX3vCuJRWslB_AE.iM1RTaebgRRKCEzg8AAOiITD12f_RYRu3VL2JgTifJk&dib_tag=se&keywords=shallow%2Bclear%2Bbin&qid=1721247247&sprefix=shallow%2Bclear%2Bbin%2Caps%2C206&sr=8-31&th=1
https://www.amazon.com/Amazon-Brand-Happy-Assorted-Coloring/dp/B08CYBKJX4/ref=sr_1_6?crid=SVCHXZ6NC8WY&dib=eyJ2IjoiMSJ9.sXyXXC1i_KuSRAmm2mZ-Z_5lco5Cd-yZkItjuFCfb_T7dNf2Qw2OJBpZvsdRd9vPMJnpJ1EiOu1n56YfS_ZpiuFYWxVB2En_mYP2ewGGEXCJKsB_Oeh699l6msxEQiLPOueYieEsy-bQmj0nfIkh5s8YQF_maCebLtTOnetu6TCriWIsIXiUsme0vMZ4ZFYn6kaxlUcruiBacf28Snqv-jgBbpqULzxangURaRaRnC4GDpQzJs3pFIWQ2hTICJvpo_LPLXBSZPA6g20To7-lsKSOwLL1pwyKDSi0As_RBuc.LdDeTJyofL5mb_iCorO0wLVNVUdGNyc6X67kGzncnNQ&dib_tag=se&keywords=food+coloring&qid=1721247438&sprefix=food+coloring%2Caps%2C192&sr=8-6
https://www.amazon.com/Vakly-Specimen-Cups-Screw-Lids/dp/B01IU8P9T0/ref=sr_1_4?crid=3O2RDM2Q8C7FW&dib=eyJ2IjoiMSJ9.2gTLq_m0djHlXawQMZPM_wm2z3Jq4I0PstAA-DZtNUoGaDJbJO5VJDjxxzs8dbJGimaF8DK1HutJSdoq_l3mLba8G2a-zfUZ5ws-63s4t5jUJ6KSNmYvwIzoS4y5nN3ub1dwglgunhykcdOMJaaUBBWMJ1cSgN1jvdQ7E-3NCYmBHCUn0fLetMuVfXmkBf2j9z3XaJTZMAAXRnaSMqXpaNoB8CX0sQWV-kmT6bK_Fn3nEp3jOpgwfARA3QxGi7HSyQbfizcPsEqCPDd4C4O2NKEJdg0TIF4KPDfzQZDZ3kA.LCp8Js6zPdoXdmdvRXI9LlcQe2Ac1KJGcnzWfcf7H_g&dib_tag=se&keywords=collection+cups+disposable+lids&qid=1721246931&sprefix=collection+cups+disposable+lids%2Caps%2C175&sr=8-4
https://www.amazon.com/Luster-Leaf-Rapitest-Soil-1602/dp/B01HQXF0PS/ref=sr_1_6?crid=2JEOXKGHVHU44&dib=eyJ2IjoiMSJ9.MFmH4XVm6h-DhNr5UPy4uMvSdK70WptmnbvJSbALELMUxYu4Xv259dilCMyXKbQHQSbasOqk4tV1H-MKcM_LNgRPPjS3yRhOrnN3fH7GtpsIXm6h_3U1VOLq7VlqP1ZunLwoX_2zbfH75yRZgndRm7Zub27Hnk9GdWMTlWeIQuL6lADOb_KNCTUD_kAKh1RE8sk17JRH8tbbRV9v5lKlQb9POV62Rzxdl9-a-S2haNRGOh6TyYhxZEYOEqjjWkvxphHm9sB6vOSPCoBQJm2dVn-dxO0hMoH2sZrFjtfE5FY.5uiD4UGHRNFboQ_floihIXcvF-zN391sii7Lj1Celqc&dib_tag=se&keywords=soil+test+kit&qid=1721245497&sprefix=soil+test+ki%2Caps%2C285&sr=8-6
https://www.amazon.com/LaMotte-N-P-K-Soil-Test-Kit/dp/B0080GQY56/ref=sr_1_3?crid=2MA20AK735XOA&dib=eyJ2IjoiMSJ9.M3opQDOEmzJD4q-C5ajJpAPkcpSCuXGsX2NGW9572E7YkOGoj2EsiW06cqOuRi622haSnDwViXR6xl6B2nCLWteQAk1SGvg6-SdNr63Y4tTFItFyCko52ix5nNZg20m3fJGI5Jip4tmwf79ugQ-DoBTwWZswxQFDhridcBenja-69NbNacukS4S8LYOo0eb9eieJXFDVH1V-ICt6zI_4C1IRkZMW2SuWzrkg_bAvcvomLsrhhJYjFFr8PfjUavwhXMKql0p4_yXX75vOcfpo7eg__E35WMNE7UGBcGUbzlM.mXCyAnSB6bJKC1YI-DSHm2BSDb_WQeMbFEMioSEIhCA&dib_tag=se&keywords=lamotte+soil+kit&qid=1721245740&sprefix=lamotte+soil+kit%2Caps%2C146&sr=8-3
https://www.amazon.com/Lamotte-Model-El-Garden-5679-01/dp/B00DBSY6B2/ref=sr_1_1?crid=2MA20AK735XOA&dib=eyJ2IjoiMSJ9.M3opQDOEmzJD4q-C5ajJpAPkcpSCuXGsX2NGW9572E7YkOGoj2EsiW06cqOuRi622haSnDwViXR6xl6B2nCLWteQAk1SGvg6-SdNr63Y4tTFItFyCko52ix5nNZg20m3fJGI5Jip4tmwf79ugQ-DoBTwWZswxQFDhridcBenja-69NbNacukS4S8LYOo0eb9eieJXFDVH1V-ICt6zI_4C1IRkZMW2SuWzrkg_bAvcvomLsrhhJYjFFr8PfjUavwhXMKql0p4_yXX75vOcfpo7eg__E35WMNE7UGBcGUbzlM.mXCyAnSB6bJKC1YI-DSHm2BSDb_WQeMbFEMioSEIhCA&dib_tag=se&keywords=lamotte+soil+kit&qid=1721245740&sprefix=lamotte+soil+kit%2Caps%2C146&sr=8-1
https://www.amazon.com/Lamotte-GREEN-Program-Water-Monitoring/dp/B00BWXI1L4/ref=sr_1_1?crid=3UH7LZUKJV38U&dib=eyJ2IjoiMSJ9.m2dSMd-R4VQpP3EhflkJOce-KYP5Fa7jL-bwGB2ANyUUWpepfRTS6wneJLadcB7coXVaIMJbrPMINNr47yEW1B-4AoT6TnoPb2SaiS0hXDLsXH0fcaUIwwKmegoeBpEMzlBOWkQArLOQnoQEViaQ60ZwOSPSehdRiiIiZHk0U8eKKxjDwpQwjSA6QlGOBY9gDb1UUF0udzABd3QujhKw-Iw4xg7y3qCth0gCAPErHiE.wmTa8NxeMCB6clwQhzg3mgQAqipyZG0otEXvOalFeSw&dib_tag=se&keywords=lamotte+water+test+kit&qid=1721245672&sprefix=lamonte+water%2Caps%2C170&sr=8-1
https://www.amazon.com/Containers-Disposable-Insulated-Microwaveable-Dishwasher/dp/B07BLTDD1V/ref=sr_1_47?crid=HA31DM7TEX8M&dib=eyJ2IjoiMSJ9.9Tu2DnWWnhNGTEkLG3vX8mYzsUHjw14EjCQvdTCgz85neBwfgOnJwbgWzVLl-xi3d4-hsEyQT_4c8c5T6nQv6dnNTdhJt1XDRmcEJWh99I-SC5wt05uv9SG14YreSO7J1RHYM2eMdoMIe0qGcIkdpCdV2jVIpxj2cIEVleSVkyjhfGm6Scw7gAx-JigjF620UgFsvyT4qpM6hxn3nLFQ6oPvlwpfoVUHtjymEtoMDOlamg7YPG8ZFqOkW61futb3ngUkhSNchVfIkHsw9MYXYKXimTLe1ipWK1wNVvhHjbo.BjC1tjMR3VXonKErVOA_9qyZYCn_iI5zxiiJimbQYF8&dib_tag=se&keywords=plastic%2Bfood%2Bcontainers&qid=1721245276&sprefix=plastic%2Bfood%2Caps%2C157&sr=8-47&th=1
https://www.amazon.com/Childcare-Snow-White-50-Pounds/dp/B08LXJRHYV/ref=sr_1_8?dib=eyJ2IjoiMSJ9.9k7grbLsLaoFLE76bSxC-8g4OnT0j3y8afdVaZigYoyPV3soWs5o-PXKl2mD8rgUIksUxK7ONyb-Q3y6f8UKiq6a9OcxpV-VQCcMIrPFdY0zellUuUko3AKXYsxE6d6qgdomi3yoiPLGeKQGA3VJtTdvr_6tc0wD1MGRNLGv4lthTMWk6btwJUVGSs21_-AQbRIPAuIStdBC9PoOCDDa6NsnGmWAUDjMumyZBLE2f3lgeAoHkf1Eqa70ddoo8SOQvD1zClE_viMG-mrary1YK6A4DeLb5sHLJxNa5qdlNWM.UR7DOWZ-fXkRI8G1wn5nsjNI6wdhQ9rAnt6z-90FeHU&dib_tag=se&keywords=white+sand&qid=1721248229&sr=8-8
https://www.amazon.com/9-Pack-Gallons-Premium-Organic-Coco/dp/B0BZNR4K4Q/ref=sxin_15_pa_sp_search_thematic_sspa?content-id=amzn1.sym.20582a66-3fea-414a-a28a-1cfcb5c8fe7e%3Aamzn1.sym.20582a66-3fea-414a-a28a-1cfcb5c8fe7e&crid=28ZK75IE4BSOX&cv_ct_cx=top%2Bsoil&dib=eyJ2IjoiMSJ9.g1qC6qDdaNNIiQTKXp9wDRFp1HYz5VnIGvFhYyNbZQMEtPMvenrTUWlL-SuJ5Z4l6QcBenzPXIlo5r8JonMlRQ.QMX23uyKiXPAoJQC_N8VfwiK8D7CQFTV2YS84liHT6k&dib_tag=se&keywords=top%2Bsoil&pd_rd_i=B0BZNR4K4Q&pd_rd_r=70720521-afc6-4878-afe8-9a001200be62&pd_rd_w=8lKVT&pd_rd_wg=dpwkT&pf_rd_p=20582a66-3fea-414a-a28a-1cfcb5c8fe7e&pf_rd_r=MSAD65NM9EXTBWE0PX4C&qid=1721247842&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=top%2Bsoil%2Caps%2C179&sr=1-1-ac07dfd7-5f37-4797-bcf7-0f4905c82761-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&th=1
https://www.amazon.com/Miracle-Gro-Water-Soluble-Purpose-Plant/dp/B000BZ8HNG/ref=sxin_16_pa_sp_search_thematic_sspa?content-id=amzn1.sym.5439bf72-3da4-45fb-a22b-ecb711485806%3Aamzn1.sym.5439bf72-3da4-45fb-a22b-ecb711485806&crid=XKYDPD6J0RR8&cv_ct_cx=miracle%2Bgro&dib=eyJ2IjoiMSJ9.l4RQi2JKddmA7neUG3K7ZcqSYJO0FSIg4kitllLJYtVi7959wdI9uu2iDV5Td_H9AyZbXyO5AdmFRm5PUJfcgQ.1mexd3TGDk3kBa-L3FrYLBcD5OXPtRiu5bWqpeX3rcg&dib_tag=se&keywords=miracle%2Bgro&pd_rd_i=B000BZ8HNG&pd_rd_r=e52b0887-846e-4706-bf3a-a7999d672d5f&pd_rd_w=JkDLv&pd_rd_wg=HVn7N&pf_rd_p=5439bf72-3da4-45fb-a22b-ecb711485806&pf_rd_r=1JQ9FKT908A04DG7J3EV&qid=1721525090&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=miracle%2Bgrow%2Caps%2C161&sr=1-1-364cf978-ce2a-480a-9bb0-bdb96faa0f61-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&th=1
https://www.amazon.com/KREMORV-Refillable-Container-Adjustable-Cleaning/dp/B0D14P72NH/ref=sr_1_13_sspa?crid=3B5GKIKL174HB&dib=eyJ2IjoiMSJ9.JcW0FrTPa2UVjgrtK2oqjzxuofW1Ojx_iW_41OGPCjdAXG27V6-BSdQQLUYXQCknJr6Yr0L2WVkFCgTEoiXZKcjJyIe0yDFFG03AvO_5ijg4nV33l2QQu-5pjhlZIaUq7vJ_opcko2tdqmHj_JYviak1mvf1z3G4YSMbY12JMYuBglQuw5H6xNDjABOo9vukIy4xRIUNG5WNog-GCek-C69YoX-iJCfs-dW61IOhA8OgHPyXtx0i4MrgLvlQqggG5hwcK2-Pf6hw2W7i7zHF9bhgkBNarfufgb6qe4vSaSU.i3UU-rBPqsmwN7eHgtm1K1BFFgm3iwvyLdprJhsQEwI&dib_tag=se&keywords=spray%2Bbottle&qid=1721246586&sprefix=spray%2Bbottle%2Caps%2C257&sr=8-13-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&th=1
https://docs.google.com/document/d/1gpxcorkluD8Cm0XyYQFlAvY62xOex9z9xaejYBFP94w/edit?usp=sharing
https://docs.google.com/document/d/1GklVlsAQoHgonbZXd6cd4rMQK1fKKT6uj1i5497S66k/edit?usp=sharing
https://docs.google.com/document/d/1mfgjU8uyUBQMGF6w6trjEsYD7C4JEz9JkDDsEwp8qQg/edit?usp=sharing
https://drive.google.com/file/d/1VTXB2HQ6NEu8TFJPb803A1BlKpxgDNEW/view?usp=drive_link
https://www.nextgenscience.org/
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Mathematics Standards | Common Core State Standards

HS.N-Q.A.1 Reason Quantitatively And Use Units To Solve Problems: Use units as a way to
understand problems and to guide the solution of multi-step problems; choose and interpret
units consistently in formulas;

HS.S-ID.C.9 Distinguish between correlation and causation.

HS.N-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities.

English Language Arts Standards | Common Core State

e CCSS.ELA-LITERACY.RST.11-12.1 Cite specific textual evidence to support analysis of science
and technical texts, attending to important distinctions the author makes and to any gaps or
inconsistencies in the account.

e CCSS.ELA-LITERACY.RST.11-12.3 Follow precisely a complex multistep procedure when carrying
out experiments, taking measurements, or performing technical tasks; analyze the specific
results based on explanations in the text.

e CCSS.ELA-LITERACY.RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a
science or technical text, verifying the data when possible and corroborating or challenging
conclusions with other sources of information.

e CCSS.ELA-LITERACY.RST.11-12.9 Synthesize information from a range of sources (e.g., texts,
experiments, simulations) into a coherent understanding of a process, phenomenon, or concept,
resolving conflicting information when possible.

LESSON OBJECTIVE(S

Students will be able to define agricultural runoff and describe its impact on water quality

Students will be able to understand and explain the differences between variable spray and
traditional whole spray fields.

Students will be able to conduct experiments or simulations to observe the impact of different
spraying techniques on water quality.

Students will be able to develop problem-solving skills by designing a hypothetical agricultural
system that minimizes water pollution.

Students will be able to understand the importance of sustainable agricultural practices and
their role in protecting water quality.
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http://www.thecorestandards.org/Math/
http://www.corestandards.org/ELA-Literacy/
http://www.thecorestandards.org/ELA-Literacy/
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CAREER CONNECTION(S

Dr. Jesse Roberts: Dr. Roberts is a research chemical engineer within the
Environmental Laboratory at the U.S. Army Engineering Research and Development Center (ERDC) in
Vicksburg, MS. They provide solutions for tomorrow'’s environmental challenges by finding new ways to
clean water and remediate environmental contaminants. His role focuses on developing and
characterizing new materials for synthetic biology and environmental applications. Specifically, Dr.
Roberts works with graphene nanomaterials to remove harmful cyanotoxins from water sources that
pose a significant risk to human health. Dr. Roberts has a PhD in chemical engineering from the
University of Arkansas where he focused on biomaterial development for tissue engineering and
biosensing applications. His team serves to make the world better by developing and utilizing materials
to provide sustainable water infrastructure through clean and safe water.

Environmental Engineer
Agricultural Scientist
Environmental Scientist
Water Resource Engineer
Soil Scientist

Biologist

Ecologist

Environmental Policy Analyst

ENGAGEMENT

Introduce students to the impact of agricultural practices on water quality and
engage their curiosity and interest in the topic.

e Pose the question to the class: "How do you think different agricultural practices affect the
quality of water in nearby rivers and lakes?". Give 2 minutes to discuss.
e Play a brief video highlighting the effects of agricultural runoff on water quality and aquatic
ecosystems Fertilizer Runoff and Drinking Water.
e After the video, have a short discussion with the students:
o What did you notice about the water quality in areas with different spraying practices?
o Why do you think these differences occur?
o How do you think technology can help reduce negative impacts on water quality?
e Ask students to predict how variable spraying technology might improve water quality compared
to traditional methods. Have them write down their hypotheses and what specific indicators
(e.g., pH, turbidity, nutrient levels) they think will show improvements.
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https://youtu.be/CXZIiPxqMgY?si=wyYfcOcohCO7XBSQ
https://www.facebook.com/goAEOP
https://twitter.com/usaeop
https://www.instagram.com/usaeop/
http://usaeop.com/program/reset

EXPLORATION

Provide opportunities for students to explore and investigate the impact of
agricultural practices on water quality through hands-on activities and demonstrations.

e Conduct a demonstration comparing runoff from traditional whole spray fields and variable
spraying scenarios.

e Use clear containers filled with water, sand, and food coloring to simulate runoff.

o Putsand and food coloring into one container and a smaller amount in the second
container
o  Stir the containers and allow students to observe and compare the differences in water
clarity, sedimentation, and nutrient levels.
| ]

e Present a case study of a local or well-documented water body affected by agricultural runoff.
Discuss for ~3 minutes about the specific challenges and environmental impacts observed in the
case study area.

e Lab activity - two parts Lab Activity

o The students will complete a lab testing soil and water from simulated Fields that the
teacher will set up using the Teacher notes

EXPLANATION

Students will present and discuss their findings from the lab on whole- field versus
variable spray Fertilizer application methods. The goal is to deepen their understanding of the effects of
these practices on soil nutrient levels and water quality.

1. Digital Gallery Walk: Each group will create a digital gallery walk using a shared Google Slide
presentation. Each group will be assigned their own slide where they will summarize their lab
results.

2. Slide Content: On their assigned slide, each group should include:

o Abrief summary of the experiment

o The results for the control, whole spray, and variable spray conditions
o Data tables from their experiments

o Graphs or charts illustrating their results

3. Peer Review: Once all groups have completed their slides, students will participate in a digital
gallery walk. They will view each group's slide and use the sticky note function in Google Slides to
leave comments, questions, and feedback. Encourage students to provide constructive feedback
and ask questions that promote deeper thinking.

4. Class Discussion: After the digital gallery walk, facilitate a class discussion where each group
presents their findings to the class. Allow time for groups to respond to the comments and
questions they received during the gallery walk.
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5. Key Concepts Review: During the discussion, highlight key concepts such as:
o The impact of different fertilizer application methods on soil and water quality
o Theimportance of sustainable agricultural practices
o How soil and water testing can inform better farming decisions
6. Conclusion: Summarize the main findings and discuss any discrepancies or unexpected results.
Emphasize the real-world implications of their findings and how they relate to agricultural
practices and environmental sustainability.

ELABORATE

Students will apply what they have learned by conducting the experiment again, but
this time they will collect their own soil and water samples. This hands-on activity will deepen their
understanding and reinforce their skills in soil and water testing.

e Review the initial experiment results and discuss improvements or changes that could be made
in the new experiment.

e Divide students into groups and assign each group a specific area from which to collect their soil
and water samples.

e Lab Activity

EVALUATION

Students will demonstrate their understanding of the experiment and their ability to
communicate scientific findings through a formal lab write-up. This activity will help assess their
comprehension of the scientific process, data analysis, and the implications of their results.

1. Lab Notebook Rubric: Provide students with detailed guidelines on how to structure their lab
report.
2. Assessment Criteria: Explain the criteria by which the lab reports will be evaluated.
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REFERENCES

Miracle-Gro instructions
Fertilizer Runoff and Drinking Water
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