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B. Objectives

The main objective of this program is to change the fertigation practices on small and
underserved farms in the San Joaquin Valley in an effort to alleviate fertilizer pollution of
drinking water and other water sources. The goal for the three-year program was to educate
1,000 attendees on proper fertigation application, best management practices and regulations.
The program was only funded for 2013 with workshop attendance reaching 398 attendees. The
workshops are geared towards small- to mid-sized farms such as the ones owned by Hmong,
Latino and Punjabi farmers in the San Joaquin Valley which are typically underserved.

Note: The program only received funding for the year 2013 therefore the numbers
reported in this document only reflect program activity for 2013.

C. Abstract

The objective of the three-year program was to educate 1,000 growers and farm workers across
the San Joaquin Valley in proper fertigation practices and management. The program only
received funding for one year (2013) therefore the actual numbers of growers reached to date
is 398. The Center for Irrigation Technology (CIT) at Fresno State worked with the Natural
Resource Conservation Service (NRCS) and California Association of Pest Control Advisors
(CAPCA) to promote and identify different areas to distribute the information and conduct
workshops. Overall eight workshops were conducted in locations ranging from Bakersfield to
Modesto. At the request of the State Water Board, a workshop was held in Santa Maria.
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One of the focuses of the program was to reach underserved growers. The primary groups
identified were Hmong-, Punjabi- and Spanish-speaking growers. The information booklets
were translated into these languages. Additional materials were translated and translation
services were provided at some events. At least one event was held for each of the targeted

groups.

Surveys were given out at each event and used to track progress and effectiveness. Pre- and
post-surveys were given to gauge the increase in knowledge of individuals who attended the
workshop. An evaluation questionnaire was also distributed to garner feedback on the content
of the workshops. To gauge the effectiveness of the information, six-month follow up surveys
were sent out at the appropriate time interval to gather data on changes the grower may have
made due to the information presented at the workshop.

D. Introduction

Recent studies by the University of California (UC) have identified fertilizers as one of the main
causes of ground water source contamination. This problem has been studied by different
government agencies over the past 30 years. These studies have identified the Salinas Valley
and the San Joaquin Valley as two of the most contaminated areas. It is believed that a large
part of the contamination is due to the agricultural practices in these areas. In the San Joaquin
Valley, many small farm operators are second language learners and may not have a good
understanding of proper fertilizer application and regulations governing different products. Due
to the continual use of fertigation systems, the ground water may possibly continue to become
more tainted. Education on the proper use and applications of different fertilizer products is
one way to help alleviate this problem.

The objective of this program was to change the fertigation practices of small and underserved
farmers located in the San Joaquin Valley. As a result of these changes, there should be some
alleviation of fertilizer pollution to ground water sources. CIT held eight events over the 12-
month time period in 2013. Three of these events were specifically focused on hard to reach
groups — Hmong-, Punjabi- and Spanish speaking growers. After each event, surveys were given
to assess whether growers increased their knowledge of fertigation practices. In conjunction
with these surveys an additional six-month follow up survey was sent out to garner any on-farm
changes the growers may have made due to information they learned at the workshops.
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E. Work Description

Program development and management was not able to begin until early March 2013 after the
contract had been signed and accounting was in place. CIT met with its advisory board to design
and develop the educational booklet Fertigation Education for the San Joaquin Valley to hand
out at the workshops. A draft copy was sent to CDFA for review. Comments were returned and
changes made based on the CDFA recommendations. The booklet was translated into Hmong,
Punjabi and Spanish (see Appendix A).

CIT conducted eight events with an average of 49 attendees per event. The events were held at
the CIT conference room, on the Fresno State Farm laboratory and throughout the San Joaquin
Valley from Bakersfield to Modesto. Appendix B contains promotional flyers, agendas and
PowerPoint presentations that are representative of the eight events. Additional materials are
available online at www.californiawater.org/irrigationtech.

Activities January 1, 2013 — December 31, 2013

Major Tasks

Task 1: Project Management

CIT staff coordinated day-to-day operations and meetings with different groups to develop,
promote and engage the targeted audiences.

Task 2: Education Advisory Board

The advisory board includes the following:

NRCS — Sam Vang (Fresno County), Chu Yang (Tulare County)

CIT Staff — William Green, Kaomine Vang

Drinking Water Quality — Sarge Green, Dr. Karl Longley (California Water Institute)
Nutrient Management Plan — Dr. Sajeemas (Mint) Pasakdee (CIT)

The advisory board met at the beginning of 2013 to plan and draft the program materials,
primarily the Fertigation Education for the San Joaquin Valley booklet. The advisory group was
made up of people from different organizations and different backgrounds. The completed
booklet covers water contamination issues, nutrient management and proper fertigation
equipment.

Task 3: Curriculum Development
CIT developed booklets entitled Fertigation Education for the San Joaquin Valley with input
from the advisory board and CDFA recommendations on the best methods to increase grower
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acceptance of fertigation and irrigation practices within the San Joaquin Valley. The booklets

were translated into Hmong, Punjabi and Spanish (See Appendix A).

The first workshop conducted by CIT lasted 3-4 hours and covered the material developed by

the advisory board focusing on different topics primarily fertigation practices, drinking water

guality, nutrient use and efficiency, components of a nutrient management plan and irrigation

scheduling to place fertilizer in the root zone and reduce leaching past the root zone. CIT

worked with NRCS, CDFA and growers to identify topics of concern and make changes to the

booklet and workshop content. Workshop information including agendas and presentations can

be found in Appendix B.

The workshops were broken down into several topic areas. They included a session on:

e jssues and concerns about water contamination in rural communities

e nutrient management planning

e proper fertigation equipment and management which is covered in a live
demonstration with the Mobile Education Center (MEC).

Workshop Schedule:
Workshop dates and locations are given in Table 1.

Table 1. Fertigation Education for the San Joaquin Valley events

DATE

TOPIC

LOCATION

NOTES

May 16, 2013

Fertigation

CIT — Fresno State

Presentations can be found
at www.californiawater.org/IrrigationTec
h

July 11, 2013

Fertigation for SE

CIT — Fresno State

Joint Effort with NRCS

Asians www.californiawater.org/IrrigationTech

August 20, 2013 Fertigation Equipment | Exeter, CA Joint Effort with CAPCA
www.californiawater.org/IrrigationTech

September 11, 2013 | Fertigation Equipment | Coalinga, CA Joint Effort with CAPCA

Harris Ranch

www.californiawater.org/IrrigationTech

October 29, 2013

Fertigation Equipment

Modesto, CA

With CDFA FREP Conference
www.californiawater.org/IrrigationTech

November 1, 2013

Fertigation for South

Selma, CA

Joint Effort with NRCS

Asians Sihota Farms www.californiawater.org/IrrigationTech

November 7, 2013 Fertigation Bakersfield, CA Joint Effort with NRCS
www.californiawater.org/IrrigationTech

December 10. 2013 Fertigation Santa Maria, CA Joint Effort with NRCS

www.californiawater.org/IrrigationTech
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Task 4: Outreach

CIT utilizes CVENT a website mailing list to reach out to the public. Each attendee is entered
into the CVENT database which is used to send the six-month follow-up survey. The center has
worked with NRCS to reach their constituents and utilized local Hmong and Punjabi radio
broadcasts to reach the target audiences. CIT also works with collaborators such as CAPCA and
supporters to announce events and disseminate research and practices. Pamphlets,
PowerPoints, videos, and recordings captured during the workshops are available online

at www.californiawater.org/irrigationtech. CIT has also been featured in Ag Alert articles

regarding the workshops and topics being covered.

Task 5: Program Monitoring

Each attendee received a pre- and post-event survey which are filled out and collected at the
conclusion of the workshop. CIT sends out follow-up surveys via CVENT approximately six
months after the event to assess any on-farm changes that have occurred as a result of the
information from the workshop.

Task 6: Evaluation

In addition to the five-question pre- and post-event questionnaires, workshop evaluation forms
are also collected from attendees to gauge how well the content and delivery of the program is
being received. This evaluation measures the overall experience, curriculum and materials. It
also gives the attendee an opportunity to make comments regarding any aspect of the
workshop including suggestions for future workshop topics.

A follow-up survey is sent out six months after each individual workshop. The email
guestionnaire will be used to measure changes in behavior, equipment, and on-farm
improvements that workshop attendees made or plan to make as a result of the knowledge
they gained at the workshops.

Task 7: Reports
The six-month report was submitted in July 2013.

F. Data/Results

Pre- and Post-event Surveys (five questions)

The pre- and post-event surveys consisted of five questions that were designed to assess a
change in the level of knowledge of workshop attendees. The five questions that were asked

were:
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Do you know what the primary culprit of nitrates in ground water is?
From the University of California report, if we stopped applying Nitrogen fertilizers
tomorrow, do you know how long it's been estimated for the nitrates to be alleviated
from groundwater?

3. Do you know the correct equipment for fertigation through pressurized irrigation
systems?
Do you understand how Distribution Uniformity affects fertilizer applications?

5. Can you design a "Nutrient Management Plan (NMP)" for farm?

The results of the surveys are shown in Figure 1. These results only include completed surveys
(pre- and post-). Any survey that was not complete (partially filled out) was excluded so as not
to skew the data sets.

100.00% 95.16% 93.55%

88.71%

90.00%
80.65%

80.00%

70.00%

60.00%

50.00% M Pre

M Post

40.00%

30.00%

20.00%

10.00%

0.00%

Figure 1. Graph of the Pre and Post Surveys based on the five questions asked at each event.

The pre-event surveys represent “how much” the attendees know about the different topics
covered in the program. The post-event surveys taken after the event provides an outcome of
the learning experience. In general, approximately 34 percent of the workshop attendees knew
that agriculture was the main contributor to nitrate groundwater contamination. Only sixteen
percent knew that it may take decades to alleviate nitrate contamination if nitrates were no
longer used today. Fifty percent felt they knew what proper fertigation equipment was. Before

-
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the workshop, almost half of the attendees knew how DU affects fertilizers (45.16 percent) and
how to use a Nutrient Management Plan (43.55 percent).

After the event, attendees were asked the same five questions to see if the workshop had
changed their level of knowledge. For question 1, it increased to 95.16 percent; question 2
increased to 88.71 percent; question 3 increased to 93.55 percent; question 4 increased to
90.32 percent; and question 5 increased to 80.65 percent. Table 2 shows the averages of pre
and post event surveys as well as the standard deviation of the answers.

Table 2. Average % and standard deviation of answers to pre- and post-event questions

QUESTION PRE-EVENT POST-EVENT
AVERAGE % STD DEV AVERAGE 5 STD DEV
Primary nitrate culprit 37.53 13.94 95.31 8.12
How long to alleviate nitrates 17.21 8.91 87.70 6.28
Proper fertigation equipment 53.23 12.99 93.45 5.59
Distribution uniformity 50.96 22.56 88.49 6.95
Nutrient management plan 41.70 11.51 80.81 3.55

Workshop Evaluation Form (10 questions plus open-ended comment area)

The workshop evaluation that was given out at each event consisted of 10 questions. The
guestions are designed to garner the overall effectiveness and importance of the workshop. A
Likert scale from 1 to 4 was used with 1 representing low approval and 4 representing high
approval. The average evaluation overall score for the 2013 Fertigation Education for the San
Joaquin Valley evaluations was a 3.64 out of 4. The average standard deviation overall was 0.50.
The evaluation provided a comment area however no comments were left. A copy of the
evaluation is included in Appendix B.

The average scores for each of the 10 questions are shown in Figure 2.

-_—
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Figure 2. Average scores for 10 workshop evaluation questions based on a scale of 1 (low
approval) to 4 (high approval).

Six-month Follow-up Survey (four questions plus open-ended comment area)

The six-month post survey reveals that 80 percent of the people who responded utilized the
information they learned from these workshops to make decisions. In addition, nearly 100
percent of all the returned surveys stated they would attend future workshops created for farm
workers.

Note: Multiple events took place after June 2013 which means the six-month follow-up
survey will not go out until after this report is submitted.

G. Discussion and Conclusions

Overall the Fertigation Education for the San Joaquin Valley program had positive reviews and
was well received by attendees and the industry. CIT staff attended different conferences and
also received positive comments and inquiries about the program.

As nitrate contamination issues become more prevalent, it is important for programs such as
these to continue and garner support. Unfortunately, the program only being funded for one
year meant that much of the post seminar results could not be gathered. Six-month follow up

_—
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surveys which are crucial to identifying the change in growers’ behavior would be important to
a program such as this. It would not only demonstrate that the attendee gained some
knowledge from the events but also that they applied this knowledge and translated it into
behavior changes.

In conclusion, if this program was to be continued and expanded the program can reach a
broader audience in other areas of the state. For instance, there has been interest and CIT has
been contacted by different state agencies requesting these workshops for areas outside the
San Joaquin Valley. One such area that would benefit greatly from this program may be the
Salinas Valley which has seen high nitrate contamination levels in their groundwater as well. In
essence since this program has already been enacted so expanding it would not be a major
issue. Much of the information, handouts and brochures can be modified for different crops
and regions. In addition, the Mobile Education Classroom (MEC) is fully equipped and functional
and can be taken relatively anywhere in the state of California.

H. Project Impacts

Unfortunately, due to the late start of the program and the program only being funded for one
year, potential impacts of growers decisions based on the returned six-month follow-up
evaluations was very limited. The first six-month survey was sent out in November of 2013.
Reminders were sent out following. The follow-up survey consists of four questions that cover
how relevant the workshop topics were and how the information affected the growers’
practices. A copy can be found in Appendix B. Of the surveys that were returned, four out of
five stated that they have made changes on their farms due to the information they learned
from the seminars. One hundred percent of the surveys returned stated that they found the
seminars increased their awareness of groundwater issues and have implemented fertigation
practices demonstrated at the events.

I. Outreach Activities Summary

CIT staff is very active in making presentations and attending a variety of events in different
venues around the San Joaquin Valley. This provides many opportunities to promote the proper
use of fertigation equipment and proper nutrient management in many different locations and
venues. CIT staff attends different conferences such as Association of California Water Agencies
(ACWA) and California Irrigation Institute (Cll) to promote educational seminars including
Fertigation Education for the San Joaquin Valley. CIT continues to work with NRCS and CAPCA to
promote events in different regions. The center also is contracted to work with Pacific Gas and
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Electricity (PG&E) and Southern Cal Edison (SCE) to promote different energy saving technology
seminars. CIT works with news outlets to publicly promote their events. The Farm Bureau and
its publications, Ag Alert and other magazines and newsletters are instrumental in publicizing
CIT events and research. The staff consistently speaks at workshops and promotes CIT
educational offerings at different events as well as on the radio. Mailings and email contacts

housed in the CIT database are used to contact hundreds of users.

EEEE——,
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J. Factsheet / Database Template
Project Title: Fertigation Education for the San Joaquin Valley
Contract: 12-0390-SA

Project Leaders:

William Green, Education Specialist
Center for Irrigation Technology (CIT)
California State University, Fresno
6014 N. Cedar Ave, Fresno CA 93710
(559) 278-2327
wgreen@csufresno.edu

Kaomine Vang, Project Manager
Center for Irrigation Technology (CIT)
California State University, Fresno
6014 N. Cedar Ave, Fresno CA 93710
(559) 278-8657
kaominev@csufresno.edu

Period Start Date/End Date: January 1, 2013 — December 31, 2013

Location: San Joaquin Valley

Highlights:

The project highlighted different technologies, management practices and methods of
Fertigation practices. The workshop booklet Fertigation Education for the San Joaquin Valley is
available in English and was also translated into three different languages (Hmong, Punjabi and
Spanish). These were selected due to the number of growers in the San Joaquin Valley who
speak these languages but may be part of a hard to reach group. CIT survey results found that
many growers did not know how proper fertigation equipment and technologies should be
used. It was also discovered from the returned surveys that the growers who attended these
workshops were impacted in some way and wanted to change their practices.

Introduction:

Due to the increasing use of fertigation system applications, thousands of growers, irrigators,
irrigation dealers, and government personnel are involved with fertigation. The need to properly
educate them in all phases of the process of fertigation is becoming increasingly more
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important. New problems associated with these applications come to light periodically, and need
to be addressed in an effort to stop from repeating these hazards. This project focused on the
following topics:

Injection system design, proper equipment, and maintenance

State rules and regulations

Recommended safety measures

Proper management methods to ensure safe applications

Fertigation system operation and real-time demonstration display trailer

o .k wnN e

Nutrient management

The risks of fertigation are related to water (surface and ground) contaminations and human and
wildlife exposure. One of the greatest risks related to water is chemical backflow into the well or
source water, resulting in the contamination of ground water, ponds, canals, streams, etc. The
purpose of this program is to keep these issues from occurring.

Methods & Approach:

CIT conducted eight seminars and on-farm demonstrations of proven practices and technologies
within FREP goals to encourage their adoption in the San Joaquin Valley. CIT prepared numerous
publications, slide sets, handouts, field days, and other activities for growers. There were eight
workshops ranging from three to four hours in length for growers, irrigators, irrigation dealers,
and regulatory staff as requested by CAPCA, CAC, RCD, NRCS, Irrigation dealers, etc. These
workshops included, a real-time display of fertigation and additional lectures involving
fertigation topics from groundwater to field application techniques and issues. The curriculum
was designed to enhance safe fertigation practices and water source protection.

Findings:
CIT found that 62.47 percent of the attendees did not realize who the primary contributors of
nitrate groundwater contamination were. Of the attendees, 58.3 percent were not sure how to
utilize a nutrient management plan and 46.77 percent did not know what proper fertigation
equipment was needed for a pressurized irrigation system. The center also found that some
growers who attended these events did make changes to their systems. Though the data was
very limited, the growers who did reply to the survey indicated that after attending the seminar
they made some change in their fertigation practices.

K. Copy of the Product/Result:

See Appendix A and B.
e
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APPENDIX A

Fertigation Education for the San Joaquin Valley

1) English version
2) Hmong version
3) Punjabi version

4) Spanish version
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SECTION | — FERTIGATION EFFECTS ON DRINKING WATER QUALITY

Benefits of Using Fertilizers

Applying fertilizer on farmland has well-documented benefits — primarily to increase crop production
and profitability. Farmers/growers utilize a number of methods to deliver fertilizer. These include, but
are not limited to, pre-plant applications, foliar applications and fertigation — the application of fertilizer
with irrigation water through an irrigation system during the growing season.

Nutrient and irrigation management are key components in utilizing fertilizer effectively. Farmers/
growers can consult with university or extension specialists, certified crop advisors, agronomists, or soil
scientists for information on how to properly manage their fertilizer program.

Nitrogen (N) is the major fertilizer used in the world. The application of nitrogen on farmlands has
shown a prominent yield improvement for numerous crops. However, the application of nitrogen is a
serious public health concern since it can move through the soil profile with water and accumulate in
the groundwater. Nitrate, a highly soluble form of nitrogen that can easily move through the soil profile,
is of primary concern.

Effects of Fertilizer Use

In California, groundwater is an essential resource, making the preservation of it a topic of major
significance (Follet 1989). Across the United States and globally, nitrate is the most pervasive
contaminant in groundwater second only to salt. It is estimated that 419,000 tons of nitrogen fertilizers
are applied to farmland in the San Joaquin and Salinas Valley every year and roughly 80 Ib N/acre/year
leach into the groundwater (Harter 2009). A report conducted by the University of California, Davis
(Boyle et al. 2012) addressing nitrate in California’s drinking water, lays out the problem based on a
collection of existing data, and offers a number of solutions that may have direct consequences on users
of nitrogen fertilizers. The study concluded that:

1. Agriculture is responsible for more than 90 percent of the contamination affecting more
than 250,000 people.

2. Itis believed that 1 out of 10 wells in the San Joaquin Valley and Salinas Valley are
contaminated with nitrates.

3. The report concludes that even if fertilizers were removed from use today, it would take
more than 30 years before nitrates would not be found in wells.

Furthermore, the report mandates that agriculture must do all it can to improve the efficient use of
nitrogen fertilizers and minimize off-site movement where fertilizers are applied.

With an estimated 95 percent of the San Joaquin Valley’s population relying on groundwater for
drinking, groundwater contamination is a public health concern. The persistent nature of nitrate in
groundwater can cause gastrointestinal problems and methemoglobinemia if ingested in large
concentrations (Lee, 1970). A study by UC Berkley in 2011 found that approximately 15 percent of the
residents in the Valley were served by a water system that had nitrate levels beyond what the federal
government considers safe levels. In 2007, 74 percent of all nitrate maximum contaminant level (MCL)
violations in the state were found in the San Joaquin Valley, impacting over 275,000 people (Balazs,
2011). The Valley also has some of the highest rates of poverty therefore many of the communities do
not have the funding to treat for nitrate contamination or to address nitrate-related health issues.
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Other research by the University of California has focused on the proper nitrate application on certain
crops. The proper timing and application of fertilizer, especially nitrogen, can help plants be more
efficient in production. Numerous studies on almonds indicate an increase in yield production with the
proper application of fertilizers with upwards of 85 percent of the applied nitrogen being used during
the season (Saiful, 2012). These studies have found a minimal loss of nitrogen moving past the root zone
— suggesting that with proper nutrient management, growers can mitigate the effects of nutrients
leaching into groundwater sources.

As more groundwater research is conducted and becoming public, farmers/growers are facing several
challenges including:

1. To evaluate and justify their practices and to find ways to mitigate or limit contamination.
2. To address and assess these issues.

3. To handle the possibility of regulatory change and the financial responsibility this will place on
farmers/growers.

Prevention and Solutions

One way to help alleviate nitrate contamination in the groundwater is to eliminate unnecessary nitrogen
applications. Farmers/growers may over apply N fertilizer to ensure crop growth in an effort to increase
yield. This can lead to an excess of nitrogen being leached downward through the root zone where it
may accumulate in the groundwater. Current research being conducted by the University of California
has identified that the efficient application of fertilizers at proper intervals allows for maximum growth
and yield. With these practices, fertilizers are used more efficiently during the growing season with
lower application rates that will also reduce the cost.

Another essential solution to the nitrate issue is to prevent water from moving beyond the root zone as
a result of over irrigating. Over irrigation causes leaching of nitrates past the root zone and possibly into
groundwater sources. To avoid leaching of nutrients, water budgets and irrigation scheduling can be
used.

By using the evapotranspiration (ETo — the net amount of water extracted from the soil daily by the crop
and surface evaporation from the soil) and crop coefficients (Kc - is a dimensionless number between
0.1 and 1.2 used to predict crop water use) growers can quantify how much to irrigate during different
growth stages. Average ETo rates throughout California are readily available online from multiple
sources such as CIMIS http://wwwecimis.water.ca.gov/cimis/data.jsp and the University of

California anrcatalog.ucdavis.edu/. The Kc curves for specific crops are available from the University of
California and can be used to predict how much water a plant will need throughout the growing season.
Figure 1 is an example of a vegetable crop water requirement during its various growth stages and can
correlate to the water usage based on ETo and Kc. To find the water needs of a given plant multiply the
Kc by ETo (Kc x ETo). By utilizing ETo and Kc, farmers/growers can predict the water required to
minimize leaching and produce the maximum yield.
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Figure 1. Crop water requirement during the growing season for
irrigation scheduling purposes (Allen et al. 1998). Crop coefficient (Kc)
values vary by crop type and growth stages.

Although effective, using Kc may not be possible in some instances. This is especially true for specialty
crops such as the ones grown by many farmers in the San Joaquin Valley. In these instances, the
farmer/grower can utilize known Kc values for similar crops to generalize the crop water needs.
Examples are using the Kc for melon to estimate the crop water needs for bitter melon or for bell
peppers to estimate crop water needs for Thai chili peppers.

Using soil moisture sensors to monitor water movement through the soil is another method to prevent
leaching (Figure 2). The sensors will show the depth of water and the potential for carrying nitrates.

Figure 2. Monitoring water and nitrate movement with soil moisture sensors.
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SECTION Il — FERTIGATION AND CHEMIGATION

Fertigation and chemigation are the injection of fertilizers or pesticides respectively through an
irrigation system for delivery to the target crop or field.
There are three main requirements for effective fertigation.

A. Good injection equipment — Install proper injection and safety equipment.

B. Good irrigation system — Provide good design and maintenance to the irrigation system.

C. Good water and fertilizer management — Know when, how long, and how much fertilizer
to inject.

A. Good Injection Equipment

Good fertigation practices start with the proper equipment, correctly installed to perform the task. Most
irrigation system injection equipment is used for both fertilizers and pesticides, consequently, safety and
proper installation is crucial. There are three main equipment considerations for fertigation safety:

1. Protect the water source
2. Provide an automatic shutdown

3. Prevent backflow to the fertilizer supply tank

1. Protect the water source by installing backflow prevention devices (Figures 3 and 4).

A main line check valve with an air/vacuum relief vent and a low pressure drain should be present. This
will prevent fertilizer from contaminating the water source. In case of a water source delivery
interruption, the check valve will close, preventing backflow and/or reverse suction. If leakage past the
check valve occurs, the secondary safety equipment is the air vent and low pressure drain that will
release any backflow leakage through the check valve into a spill container or drainage area separate
from the water source or well. Figure 3 shows what can occur with no check valve. Figure 4 shows how
to protect the water source. Figure 5 illustrates the components of a backflow prevention system.

Figure 3. With no check valve, it is possible for fertilizer to backflow into the water source (CDPR).
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Figure 4. Protect the water source (CDPR).

Figure 5. The components of a backflow prevention system. Components are identified
by letter and color-coded to the key (CDPR).
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2. Provide automatic shut-down of the injection system if the proper flow and/or pressure
are not being supplied (Figure 6).

A pressure, hydraulic, or flow switch tied to a normally closed solenoid valve should shut off the
injection line if irrigation system designed pressure and flow aren’t being delivered as well as
Interlocking system controls to shut down the injection pump. A crucial part of a good fertigation event
is the correct flow and pressure to the irrigation system. The system shutdown equipment will only
allow injection of the fertilizer if those parameters are met. If normal system flow and pressure isn’t
present, the solenoid valve closes, stopping the fertilizer injection.

D

Figure 6. Automatic shutdown of injection system- The circled components are responsible
for the automatic shutdown when the irrigation system isn’t supplying pressure and/ or
flow properly (CDPR).
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3. Prevent backflow to the fertilizer supply from the irrigation system (Figures 7 and 8).

If the fertilizer injection pump stops operating, pressurized water from the irrigation system might
reverse flow through the injection line, possibly causing a fertilizer spill. An injection line check valve (X)
will prevent reverse flow from the irrigation system to the fertilizer source container or storage tank.

Figure 7. If the blue injection line check valve (X) from the fertilizer supply tank isn’t present, injection
pump shut down could result in reverse flow from the pressurized irrigation system to overflow the
fertilizer supply tank (CDPR).

Figure 8. Prevent backflow to the water supply — the blue injection line check
valve (H) is present preventing backflow (CDPR).
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B. Good Irrigation System Performance

Every pressurized drip or sprinkler irrigation system should have been designed and installed with the
goal of achieving good distribution uniformity (DU). DU is a measure of how evenly the water is
delivered to the target area. A flow and pressure requirement from the pump matched to the irrigation
system design flow and pressure is required to achieve good DU and allow for a well-executed
fertigation event. Placing the fertilizer in the target plant root zone evenly across the field is essential to
achieving effective fertigation.

Field audits are performed to collect site data that will allow you to determine distribution uniformity
and efficiency. Audits can be performed on all types of irrigation systems and a variety of crops as well
as turf. Figure 9 shows audits on turf and agricultural sites.

Figure 9. Catch cans placed for field audits to determine distribution uniformity and efficiency. On the
left is a golf course audit (www.humanability.biz_wp-content_uploads_2011_02_distributionuniformity-
test.png_files); on the right is an audit in an almond orchard (Tehama County Resource Conservation
District Mobile Lab).

Most irrigation system audits use distribution uniformity of the Low Quarter. Basically, this is a measure
of the average DU in the lowest 25 percent of the catch can readings divided by the overall average DU
of the entire irrigation system sample audit.

DUIq = Average Minimum

X100
Average Total

Where:
DUlq = Lower Quarter Distribution Uniformity
Average Minimum = Average of lowest 25% of sample
Average Total = Average of entire sample

For example, in Figure 10, a DUIq of 80 percent is graphically depicted. Eighty percent is considered an
average DUIq for a drip irrigation system. New drip system designs should be 90 percent or higher. This
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allows for a more even application and better ability to control the fertigation event. Many older
irrigation systems have DU’s less than 80 percent. The reasons for this could include:

poor maintenance

leaks

plugging of emitters

pump not supplying the correct flow and pressure
pressure valves not properly calibrated

system elevation differences

other issues that change the irrigation system uniformity.

Figure 10. Example of 80 percent distribution uniformity (DU)

The graph in Figure 10 illustrates that, in order to apply the minimum amount of water and fertilizer in
the low quarter (Low Qtr blue bar) of the target field, approximately 160 percent of the minimum
amount of water would be applied in the high quarter (High Qtr green bar) with the 2™ and 3™ Qtr in
between. This illustrates how important distribution uniformity is to achieve a proper fertigation event.
If you apply the water and fertilizer based on the assumption that the field is achieving 100 percent DU,
you are under-applying in the Low Qtr. That could result in inadequate applications of fertilizer causing a
drop in production or quality. If you are supplying 100 percent to the Low Qtr, you may be applying too
much fertilizer in the High Qtr or other zones and possibly leaching the fertilizer past the root zone and
into the underground aquifer. Again, it’s important to understand the total volume of water and
fertilizer needed and the proper duration of the fertigation event to achieve that goal.
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Figures 11-13 show distribution uniformity and how it can impact fertigation.

Figure 11 poor DU with uneven water and fertilizer application.

Figure 11 shows poor distribution uniformity. As a consequence, the fertilizer has leached past the
effective root zone in some areas and not achieved deep enough penetration in other areas.

Figure 12. Good DU, poor management of irrigation and fertigation event.

Figure 12 illustrates good DU but excessive irrigation duration potentially leaching fertilizer beyond the
root zone. Even though the irrigation water and fertilizer is applied evenly, poor management of the
event has compromised the effectiveness of it.
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Figure 13. Good DU, proper execution of the irrigation and fertigation event

Figure 13 shows good DU and proper execution of the fertigation event including duration and
placement of the fertilizer. This is a good example of what we are trying to achieve so the plant receives
maximum uptake of the nutrients applied. Additional irrigation events could drive the fertilizer further
past the root zone if not enough time elapses for the plant to uptake the nutrients (as illustrated in
Figure 12). Again, proper planning of the current fertigation application event should also take into
account future irrigation water applications.

C. Good Water and Fertilizer Management

Section 3 of this tutorial focuses on planning and executing a good Nutrient Management Plan (NMP) in
order to achieve satisfactory results from fertilizer applications leading to increased crop production,
proper fertigation efficiency, and the protection of water resources in California that are documented to
have contamination from fertilizer applications, particularly nitrates.

SECTION IlIl = NUTRIENT MANAGEMENT PLAN (NMP)

The purpose of the Nutrient Management Plan (NMP) is to serve as an operational plan for applying
fertilizer on the farm. Developing an NMP is recommended as a guide to monitoring and quantifying
fertilizer inputs and outputs, and to ensure that these practices protect soil and water quality.

Farmers/growers should consult with county agricultural extension specialists, certified crop/soil
consultants or district soil conservationists prior to establishing their NMP.

The NMP shall include a nutrient budget with planned rates of nutrient applications for each crop and
taking into consideration all nutrient sources, climatic conditions, the irrigation schedule, and
applications while ensuring that these rates do not exceed the crop’s requirements for total nitrogen.

We recommend the simple checklist as...Know Your Soil, Know Your Crop, Know Your Water, and Know
Your Fertilizer.
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A. Know Your Soil

1. Collect soil samples from representative areas to determine the status of the soil nutrient
capacity at the pre-planting stage. Plant Available Nitrogen (PAN) is your free N fertilizer!
(Table 1).

2. Learn how to determine soil texture by the feel method (see Figure 14).

3. Perform a soil nitrogen (N) quick test. Follow this link http://vric.ucdavis.edu/ and enter a search
on ‘nitrogen quick test’ for detailed instructions on how to do this.

4. Understand water movement in various soil textures (see Figure 15).

5. Determine how soil pH influences nutrient availability. Follow this link http://vric.ucdavis.edu/
and enter a search on ‘soil pH’ for information on how to change pH in the soil by applying
amendments (see Figure 16).

6. Understand a soil test result (chemical analysis) obtained from a certified analytical laboratory.
Follow this link http://www.nal.usda.gov/understand-soil-testing-results for an explanation of a
soil test.

TABLE 1. Estimated plant available nitrogen (PAN) from pre-plant soils
collected at sites prior to fertilizer applications

Field ID Depth NO;-N PAN® Net N Applicationb
(inches) (mg/Kg) (Ibs N/acre) (e.g., eggplant 150 IbsN/acre)
North 0-12 10 40
12-24 7 28
TOTAL 68 150-68 = 82°
South 0-12 16 64
12-24 9 36
TOTAL 100 150-100 =50

®Plant Available Nitrogen in pounds of nitrogen per acre unit (lbs N/acre) is estimated by multiplying
soil nitrate-nitrogen (ppm) with 4 for soil samples collected from 0-12” depth or with 2 for soil
samples collected from 0-6”depth.

®Recommended nitrogen (N) applications to these sites.
“Consulting a proper reference source, e.g., Western Fertilizer Handbook.

4 Estimated values. Sites irrigated with enriched nitrate water will need less N fertilizer application.
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Figure 14. Determining soil texture by the feel method (USDA-NRCS).
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Figure 15. Comparative movement of water in sandy and clayey soils. In sandy soils, water
readily moves downward due to the force of gravity. In clayey soils, water slowly moves out in
all direction by capillary action (Whiting et al., 2010).

Figure 16. Plant nutrient availability according to soil pH range from 4.0 to 10.0 with the size of
each element represents the quantity of each element presented in the soil solution at various
soil pH levels. (http://www.extension.org/pages/13064/soil-ph-modification).

=S e
Fertigation Education for the San Joaquin Valley 14 ®© The Center for Irrigation Technology June 2013 v2


http://www.extension.org/pages/13064/soil-ph-modification

B. Know Your Crop

1. Determine the crop nutrient requirement for a growing season.

2. Understand crop physiology, i.e., growth stage, rooting depth, etc.

3. Determine crop nutrient status during a growing season by testing plant tissue samples in order
to maintain productive crops that will reach optimum vyields.

4. Estimate crop nutrient removal from harvested plant parts at the end of the growing season.
See a worksheet developed by USDA-NRCS for a calculation on any specific crop by following
this link http://plants.usda.gov/npk/main.

5. Develop a whole farm nitrogen balance (Table 2) to reduce the risk of overusing fertilizer, to
improve fertilizer use efficiency, and to sustain optimal yield.

Table 2. Whole Farm Nitrogen Balance®
Total Total Nitrogen |rrigation Nitrogen Total
Nitrogen Nitrogen Imported Atmospheric Nitrogen Field
Field in Storage | Exported (e.g. Nitrogenin | Removed | Nitrogen
Name (PAN) (e.g.leaching | preplant) | Fertigation Manure SJv by Crops Balance®
denitrified)
Eggplant
(north) 82 Ibs/ac 0 50 Ibs/ac | 50 Ibs/ac 10 lbs/acft 4 |bs/acyr 175 Ibs/ac 1.1
Eggplant
(south) 50 Ibs/ac 0 50 Ibs/ac | 100 Ibs/ac | 10 lbs/acft 4 |bs/acyr 175 lbs/ac 1.2

® The Whole Farm Nitrogen Balance is to be determined as the ratio of (total nitrogen in storage — total nitrogen exported +

nitrogen imported + irrigation nitrogen + atmospheric nitrogen) / (total nitrogen removed by crops).

® A value can be obtained from multiplying a total crop yield by a nitrogen content in plant tissue of a particular crop, see
Western Fertilizer Handbook.

¢ Avalue larger than 1.0 would indicate a theoretical excess of the nutrient. In practice, values between 1.0 and 1.5 are
considered acceptable.
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C. Know Your Water

1. Determine the salinity level and potential nutrient input from your irrigation water source(s)
(this is also your free fertilizer!).

2. Understand tolerance of crops to salinity in soil and water. Follow this
link http://vric.ucdavis.edu/ and enter a search on ‘soil salinity’ for information on salinity level
impacts on crop yield.

D. Know Your Fertilizer

1. See Figure 17 for common fertilizer types and sources.
2. Determine the proper type(s) of fertilizer.

3. Calculate the need for the total amount of fertilizer applications at pre-plant and/or midseason
(split applications).

4. Consult a technical sales representative to obtain material safety data sheets (MSDS) and
information on fertilizer chemistry, solubility, and potential interactions with other fertilizers or
pesticides.
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Figure 17. Chemical fertilizer types and sources (http://www.fluidfertilizer.com/).
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SECTION IV — IMPROVE FERTILIZER USE EFFICIENCY

From an economic perspective, it is important to maximize crop fertilizer uptake. It is equally important
for the farmer/grower to minimize fertilizer loss to our environment and to maintain Good Agricultural
Practices (GAP) in order to be in compliance with the State of California requirements.

Keys to Improve Fertilizer Use Efficiency

Develop a nutrient management plan (NMP).
Keep accurate records on field history, crop yield, and trouble areas.

Maintain overall soil quality, i.e., adding organic matter (compost/manure), crop rotation, etc.

el S

Follow the 4R Nutrient Stewardship Concept (Figure 18):
e Right Source (form of fertilizer, target—soil/foliar application).
e Right Rate (crop nutrient requirement—split applications to maximize nutrient uptake).
e Right Place (crop root pattern, water movement within the root zone).

e Right Time (crop nutrient uptake pattern, soil environment).

Figure 18. The 4R nutrient stewardship concept defines the right source, rate, time, and
place for fertilizer application as those producing the economic, social, and environmental
outcomes desired by all stakeholders to the plant ecosystem (Bruulsema et al., 2009).
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ACRONYMS AND DEFINITIONS

AF acre-foot (1 AF/ac = 1-ft depth of water) = 325,853 gallons
AF/yr acre-foot/year

AC acres

CDFA California Department of Food and Agriculture

chemigation the injection of pesticides through an irrigation system for delivery to the
target crop or field.

DU distribution uniformity

fertigation the injection of fertilizers through an irrigation system for delivery to the
target crop or field.

FREP Fertilizer Research and Education Program
MSDS material safety data sheets

NMP nutrient management plan

SV San Joaquin Valley

ONLINE EDUCATION RESOURCES

California Department of Food and Agriculture (CDFA) — http://www.cdfa.ca.gov/

California Department of Pesticide Regulation (CDPR) — http://www.cdpr.ca.gov/

California Natural Resource Conservation Services — http://www.ca.nrcs.usda.gov/

Center for Watershed Sciences — http://watershed.ucdavis.edu/

Center for Irrigation Technology — www.californiawater.org

CIMIS (CA Irrigation Mgmt Information System) — http://wwwcimis.water.ca.gov/cimis/welcome.jsp

Fertilizer Research and Education Program (FREP) — http://www.cdfa.ca.gov/is/ffldrs/frep/index.html

Fluid Fertilizer Foundation — http://www.fluidfertilizer.com

Plant Nutrients — http://www.ncagr.gov/cyber/kidswrld/plant/nutrient.htm

Role of Nitrogen in Plants — http://www.house-garden.us/articles/the-role-of-nitrogen-in-plants/

UC Vegetable Research and Information Center — http://vric.ucdavis.edu/

Understand Soil Test Results — http://www.nal.usda.gov/understand-soil-testing-results

USDA — http://www.usda.gov/wps/portal/usda/usdahome

Wateright -www.wateright.org
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SUAM | - KEV UA COV CHIV NO MUAJ FEEM CUAM TSHUAM RAU COV
DEJ HAUS KOM HUV

Cov Nuj Nqis Ntawm Kev Siv Cov Kais Dej Nrog

Kev tsos chiv rau liaj teb yog ib gho muaj nuj nqis zoo heev — ghov zoo tshaj yog tsos chiv ua rau cov
goob hlob. Cov neeg ua liaj ua teb tau siv ntau txoj kev tso chiv rau lawv tej qoob. Tej yam lawv ua ces
muaj xws lis, tabsis tsis yog tag li no xwb, tso chiv ua ntej cog qoob loo, muab cov nplooj los faus ua chiv
thiab ua cov kais dej nrog — uas yog muab cov chiv tso raws cov kais dej nrog no mus rau cov qoob
thaum nws tab tom loj hlob tuaj.

Kev tswj cov tshuaj thiab kev ua kom tso tau cov chiv raws cov dej nrog mus thoob cov qoob kom zoo
yog ib gho tseem ceeb heev. Cov neeg ua liaj ua teb muaj peev xwm mus cuag cov tsev ghia ntawv qib
siab los sis cov neeg tshwj xeeb, cov kws cob ghia kev ua qoob loo, cov kws av (agronomists), los sis cov
neeg soj ntsuam txog av es thiaj paub seb yuav tso chiv licas rau lawv tej qoob loo thiaj yuav zoo.

Hom Tshuaj Chiv Nitrogen (N) yog ib hom zoo heev uas neeg siv ntau tshaj nyob hauv ntiaj teb. Kev siv
hom tshuaj chiv nitrogen no rau tej liaj teb ua rau ntau hom qoob loo zoo tuaj. Tabsis, kev tso cov tshuaj
chiv nitrogen no yog ib ghov teeb meem loj heev rau neeg txoj kev noj gab nyob zoo rau lub zej zog vim
nws txeem tau dhau hauv cov av mus rau cov dej hauv av. Cov tshuaj chiv hu ua Nitrate no yog ib co kua
tshuaj uas nws txeem tau yooj yim mus rau cov av, nov yog ib gho teeb meem.

Kev Siv Chiv Yuav Zoo Licas

Nyob hauv Xeev California, cov dej hauv av yog ib co tseem ceeb heev, kev txuag kom cov dej no huv yog
ib lub ncauj lug tseem ceeb uas tau tham (Follet 1989). Thoob plaws hauv teb chaws Miskas thiab hauv
gab ntuj no, hom tshuaj chiv Nitrate yog ib hom uas kis los sis txeem tau mus rau cov dej hauv av zoo
tshaj plaws, dhau ntawm cov ntsev lawm. Kwyv yees li ntawm 419,000 tons tshuaj chiv nitrogen tau siv
rau cov liaj teb nyob hauv lub loom tiaj San Joaquin thiab hauv Salinas Valley txhua xyoo thiab kwv yees
li ntawm 80 phaus kua tshuaj chiv nitrogen tauj ib ev kawj tauj ib xyoos (80 |b N/acre/year) twg uas tau
txeej mus txuam rau cov dej hauv av (Harter 2009). Muaj ib daim ntawv soj ntsuam tshaj tawm los hauv
tsev kawm ntawv gib siab University of California, Davis (Boyle et al. 2012) hais tias muaj cov kua chiv
nitrate no nyob hauv Xeev California cov dej haus, ghia txog cov teeb meem no los ntawm kev mus saib
ib cov ntawv uas yeej muaj cov xwm txheej no nyob hauv, thiab los ntawm cov neeg uas siv cov tshuaj
chiv nitrogen no es pom muaj nyob rau hauv. Daim ntawv soj ntsuam no ghia tau tias:

1. Kev ua liaj ua teb (Agriculture) yog ghov ua tsis huv rau cov dej ntau tshaj li 90 feem uas
raug rau ntau tshaj li 250,000 tus neeg.

2. Nws yog ib gho ntseeg tias 1 ntawm 10 lub ghov dej (wells) nyob hauv lub loom tiaj San
Joaquin Valley thiab Salinas Valley no muaj cov tshuaj chiv nitrates no nyob rau hauv.

3. Daim ntawv soj ntsuam ghia ntxiv tias tab txawm muab cov tshuaj chiv no tshem kom tag
hnub no los nws tseem yuav siv ntau tshaj 30 xyoo tom ntej no thiaj yuav tsis muaj cov
tshuaj chiv nitrates no nyob rau hauv cov ghov dej lawm.

Ntxiv ntawd, daim ntawv soj ntsuam kuj hais kom cov neeg ua liaj ua teb yuav tsum ua kom tau zoo
npaum li lawv ua tau uas yog los xyaum kom paub siv cov chiv nitrogen no thiab yuav tsum siv cov tshuaj
chiv no sab nrauv kom tsawg npaum li tsawg tau.
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Kwv yees li ntawm 95 feem pua cov neeg nyob hauv lub loom tiaj San Joaquin Valley no siv cov dej hauv
av los ua dej haus, kev ua rau cov dej hauv av no muaj tshuaj chiv txhaum yog ib gho teeb meem rau
neeg pej xeem txoj kev noj qab haus huv. Qhov uas muaj cov kua tshuaj chiv nitrate no nyob nrog cov
dej hauv av yuav ua teeb meem rau tej plab hnyuv thiab roj ntsha yog haus tau ntau (Lee, 1970). b
daim ntawv tshawb fawb ua los hauv UC Berkley xyoo 2011 pom tias kwv yees li 15 feem pua ntawm cov
neeg nyob hauv lub loom tiaj no tau siv cov dej uas muaj cov kua tshuaj chiv nitrate nyob rau hauv uas
yog muaj ntau tshaj li ghov tsoom fwv hais tias zoo rau neeg haus lawm. Xyoo 2007, 74 feem pua ntawm
tag nrho cov kua tshuaj chiv nitrate yog cov muaj tshuaj txuam siab tshaj (maximum contaminant level
(MCL)) uas txhaum txoj cai nyob hauv xeev tau pom nyob rau hauv lub loom tiaj San Joaquin Valley, raug
rau ntau tshaj 275,000 leej neeg (Balazs, 2011). Lub loom tiaj los kuj yog cov neeg txom nyem nyob
coob xwb ces lawv kuj tsis muaj nyiaj los pab lawv lub zej zog tua cov tshuaj chiv uas txuam rau cov dej
no thiab los tawm tsam haiv txog kev noj gab haus huv thiab cov teeb meem kua tshuaj chiv no.

Lwm daim ntawv tshawb fawb los hauv cov tsev kawm ntawv gib siab hauv xeev California tau soj
ntsuam taug gab kom sawv daws paub siv cov kua tshuaj chiv nitrate no los tua rau tej yam qoob. Kom
paub lub sijhawm thiab paub tua chiv, tshwj xeeb tshaj yog cov tshuaj chiv nitrogen, uas yog cov chiv
pab tau kom goob loo txi tau ntau tshaj. Muaj ntau daim ntawv tshawb fawb tau hais tias cov txiv gab
rog (almonds) yog cov txiv txi tau ncw tshaj li ntawm 85 feem pua los ntawm kev siv cov tshuaj chiv
nitrogen rau thaum lub caij rau chiv (Saiful, 2012). Cov ntawv tshawb fawb no tshawb tau ib txoj kev uas
ua kom cov tshuaj chiv nitrogen no khiav tawm tau tsawg li tsawg tau ntawm cov cag mus — hais tias yog
paub tswj kev tso chiv, ces cov neeg ua liaj ua teb no muaj peev xwm yuav ua kom cov kua tshuaj txeem
mus rau cov dej hauv av tsawg li tsawg tau.

Thaum muaj neeg coob zuj zus mus tshawb fawb txog cov dej hauv av no thiab neeg zej zog pib paub
ntau zuj zus, cov neeg ua liaj ua teb tau raug ntau yam yuav tau ua xws li:

1. Yuav tau los soj ntsuam thiab xyaum kev tso chiv thiab nrhiav kev los ua kom txo tau ghov kev
ua kua tshuaj txeem mus rau cov dej kom tsawg li tsawg tau.

2. Yuav tau los tham txog thiab los soj ntsuam txog cov teeb meem no.

3. Yuav tau los ua raws cov cai yuav hloov thiab yuav tau los them rau tej yam khoom uas cov neeg
ua liaj teb yuav tau hloov.

Kev Tiv Thaiv thiab Kev Ua Tau

Ib txoj kev uas yuav pab txo tau cov tshuaj chiv nitrate kom txhob kis mus rau cov dej hauv av yog yuav
tsum tsis txhob lam tau lam tua cov tshuaj chiv nitrogen no. Tej zaum cov neeg ua liaj ua teb kuj yuav tso
cov tshuaj chiv no ntau rau lawv cov qoob vim xav kom tau ntau. Ua li no yuav ua rau cov kua tshuaj chiv
nitrogen ntws tawm ntawm cov cag goob mus rau cov dej hauv av. Ib daim ntawv tshawb fawb tsim
tawm hauv tsev kawm ntawv qib siab University of California tau pom tias kev txuag thiab tso cov tshuaj
chiv no kom raug los sis kom yog ces yuav ua tau qoob loo ntau. Yog koj xyaum ua li hais no, yuav maj
mam txuag tau kev siv cov tshuaj chiv no thiab yuav tsis raug nqi ntau.

Ib txoj kev ntxiv uas yuav txuag tau ghov teeb meem ntawm cov tshuaj chiv nitrate no ces yog tiv thaiv
kom cov dej tsis txhob ntws dhau ntawm cov cag qoob uas yog phwj tawm. Kev ua dej phwj tawm no
yuav ua rau cov tshuaj chiv nitrates no ntws tawm ntawm cov cag qoob mus nkag tau rau cov dej hauv
av. Kev yuav ua kom cov chiv txhob ntws tawm, yuav tsum tswj cov dej thiab yuav tsum ua cov kais dej
nrog uas tso muaj sijhawm.
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Kev siv ghov ua kom cov av rov hws ua dej tuaj ntub (evapotranspiration (ETo — cov dej uas hws los
ntawm cov av txhua hnub los ntawm cov qoob loos thiab los ntawm ghov cov av noo tuaj)) thiab seb
yuav tau cov qoob npaum cas (crop coefficients (Kc - yog ib tug lej nyob nrub nrab ntawm 0.1 thiab 1.2
uas siv los kwv yees seb cov qoob loo yuav siv dej npaum cas)) es cov neeg ua liaj ua teb thiaj muaj peev
xwm los tswj seb yuav siv cov kais dej nrog los tso dej raws ghov cov qoob loo loj hlob. Qhov ghia txog
cov dej hws (ETo) seb ntau npaum licas nyob thoob plaws hauv Xeev California no muaj nyob saum
nruab ntug xws li hauv CIMIS http://wwwcimis.water.ca.gov/cimis/data.jsp thiab nyob hauv tsev kawm
ntawv qib siab University of California anrcatalog.ucdavis.edu/. Tus lej siv los ntsuam xyuas seb cov
goob loo yuav siv dej npaum cas (Kc) ntawd muaj nyob hauv cov tsev kawm ntawv qgib siab University
hauv Xeev California uas los ua ghov kwv yees seb cov qoob loos yuav siv dej npaum cas thaum lub caij
loj hlob. Daim duab thiaj 1 hauv gab no yog ib gho piv txwv txog ib co zaub uas yuav tsum tau siv dej
npaum cas thaum nws loj hlob thiab muab piv rau kev siv cov dej uas nws hws los thiab seb siv npaum
licas (ETo thiab Kc). Xav paub seb ib tsob qoob twg yuav tsum tau siv dej npaum cas no ces muab tus lej
(Kc) khu (multiply) rau tus ETo (Kc x ETo). Thaum los siv ghov ETo thiab Kc no lawm, cov neeg ua liaj ua
teb yuav kwv yees tau ghov tsis txhob ua dej phwj tawm ntau thiab yuav ua tau goob ntau li ntau tau.
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sijhawm (hnub)

qoob loj hlob i«— thaumnrub nrab —»  thaum kawg

Daim Duab 1. Qhia txog ghov uas goob loo yuav siv dej npaum cas
thaum pib txog thaum loj hlob thiab thaum laus rau kev siv cov kais dej
nrog kom muaj sijhawm (Allen et al. 1998). Qhov kev ntsuam xyuas seb
yuav siv dej npaum cas (coefficient (Kc)) kuj nyob ntawm seb yog hom
goob dabtsi thiab seb siv sijhawm ntev npaum cas rau loj hlob.

Yeej yog ib gho ua hauj lwm zoo lawm, tabsis kev siv ghov kev ntsuas cov dej (Kc) no kuj yuav pab tsis
tau tej yam thiab. Tshwj xeeb yog cov qoob uas ntau tus neeg ua liaj ua teb cog nyob hauv lub loom tiaj
San Joaquin Valley no. Yog li ntawd, cov neeg ua liaj ua teb muaj peev xwm siv tau dej li lawv paub (Kc)
los kom txaus rau hom goob uas lawv cog. Piv txwv li ghov yuav siv dej npaum cas (Kc) raws li lawv paub
rau cov dib thiab kwv yees yuav siv li cas thiaj txaus rau cov dib iab los sis cov kua txob loj thiab rau cov
kua txob Thaib.

 EEE——,
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http://wwwcimis.water.ca.gov/cimis/data.jsp

Siv cov ntsuam xyuas av noo (soil moisture sensors) los ntsuas ghov cov dej khiav hauv cov av seb ntau
npaum cas yog ib txoj kev ua kom txhob muaj dej phwj txeej tawm zoo li ghov ghia ntawm (Daim Duab
2). Cov ntsuam xyuas no yuav ghia tau seb cov dej nyob tob npaum cas thiab yuav paub tias muaj cov
tshuaj chiv nitrates no nyob rau hauv los tsis muaj.

Daim Duab 2. Qhia txog ghov kev ntsuas cov dej thiab cov tshuaj chiv nitrate uas khiav nrog cov dej
ntawm cov av noo los ntawm cov ntsuam xyuas.

EEEE——,
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SUAM Il - KEV UA COV KAIS DEJ NROG THIAB KEV TOV TSHUAJ

Kev Ua Cov Kais Dej Nrog thiab Kev Tov Tshuaj yog ghov kev muab cov chiv los sis cov tshuaj tso raws
cov kais dej nrog ncaj gha mus rau cov qoob los sis hauv daim teb.
Nws muaj peb gho uas yuav tsum tau ua thiaj yuav siv tau ghov kais dej nrog no mus tau zoo.

A. Siv Cov Khoom Tso Tshuaj Kom Zoo — Siv cov khoom tso tshuaj kom yog thiab cov khoom tiv
thaiv zoo.

B. Siv Cov Khoom Zoo Los Ua Cov Kais Dej Nrog — Teeb kom zoo thiab kho kom cov kais dej
nrog ua hauj lwm zoo.

C. Ua Kom Tswj Tau Cov Dej thiab Cov Kais Dej Nrog Kom Zoo — Paub tias thaum twg, ntev
npaum cas, thiab tso chiv npaum cas.

A. Siv Cov Khoom Tso Tshuaj Kom Zoo

Kev ua tau cov kais dej nrog no zoo yog pib los ntawm ghov siv cov khoom kom yog, nruab kom raws li
ghia nruab. Feem ntau cov kais dej nrog no muaj ghov uas tso tau chiv thiab tshuaj sib lawv liag yam tsis
muaj dabtsi ntshais yog tias nruab zoo thiab nruab yog-yog lawm. Nws muaj peb yam khoom uas yuav
tsum muaj thiaj tsis ua rau cov kais dej nrog no puas:

1. Thaiv cov khoom rau dej kom zoo
2. Uakom lub cav txawj tua tau nws tus kheej
3. Txhob pub cov chiv phwj tawm ntawm lub taub

1. Nruab cov khoom thaiv kom tiv thaiv tau cov dej txhob ntsws rov gab.
(Daim Duab 3 thiab 4).

Yuav tsum muaj lub kaw tus dais dej loj (valve) nrog lub tso pa/nqus cue uas maj mam tso cov pa nyob
hauv tawm nyob rau ntawd. Ua li no thiaj tiv thaiv tau kom cov chiv txhob kis tau mus rau cov dej. Yog
hom muaj dej ntws tawm los lub kaw dej ntawd yuav txawj kaw, yuav tiv thaiv kom txhob phwj los sis

txhob ntws rov qab. Yog dej ho ntws dhau ntawm lub kaw no mus los muaj lub kaw dej tiv thaiv thij ob
uas yog lub tso pa (air vent) thiab lub ghov dej nrog yuav maj mam tawm mus rau lub rau cov dej txeej
thiab mus rau ghov chaw tso tawm ntawm lub taub dej los sis lub ghov dej. Daim duab 3 ghia tias nws
yuav zoo licas yog tsis muaj lub kaw dej. Daim duab 4 ghia gho kev thaiv tau cov dej zoo. Daim duab 5

ghia txog ghov yuav ua licas dej thiaj tsis ntws rov gab.

Daim Duab 3. Yog tsis muaj lub kaw dej, muaj feem uas cov
kua chiv yuav phwj tawm mus rau cov dej (CDPR).

s
Kev Cob Qhia Kev Ua Kais Dej Nrog rau Hauv Lub Loom Tiaj 5 © Qhov Chaw Tsim Cov Kais Dej Nrog Lub Rau HIi 2013 v2



Daim Duab 4. Qhia ghov uas thaiv tau cov dej zoo heev (CDPR).

Daim Duab 5. Qhia txog ghov yuav ua licas dej thiaj tsis ntws rov gab. Muab ghia raws
cov tsiaj ntawv thiab ua xim txawv (CDPR).

_— e
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2. Ua kom lub cav nws txawj tua nws tus kheej thaum tsis muaj dej ntws txaus thiab
tsis muaj cua txaus (Daim Duab 6).

Ib gho cua ntsawj, txoj yas roj, los sis lub pob tua tau mus los looj lub pob tswj ghov ghib thiab kaw dej
ntws no yuav kaw tau ghov chaw tso chiv tsis ua hauj lIwm yog tias nruab tau cov kais dej muaj cua tsis
txaus thiab xa tsis tau cov dej ntws ces yuav ua rau lub tswj tag nrho cov kais dej sab hauv (Interlocking
System Controls) cheem lub cav ces nws yuav nres. Ib gho tseem ceeb ntawm kev ua cov kais dej nrog
no yog ghov nruab kom yog es muaj cua ntsawj tau mus los rau hauv cov kais dej. Yuav tsum siv tag nrho
cov khoom los nruab kom yog mas thaum tso chiv nws thiaj tsis cia li nres nws tus kheej. Yog nruab tau
dej ntws mus zoo tab sis ho tsis muaj cua txaus, lub pob tswj ghov ghib thiab kaw yuav tsis ghib, yuav ua
rau tso tsis tau cov chiv mus.

Daim Duab 6. Qhia txog ghov lub cav nws tua nws tus kheej tuag - Cov uas khij voj voog rau
saum toj no yog cov yuav los ua kom lub cav tuag thaum lub cav kaw dej muaj cua tsis txaus
thiab tsis ntws zoo li ghov yuav tsum tau ntws (CDPR).

=S5 e
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3. Kev tiv thaiv kom cov chiv txhob phwj tawm los ntawm cov kais dej nrog
(Daim Duab 7 thiab 8).

Yog lub cav tso chiv nres tsis ua hauj lwm lawm, tej zaum yuav ua rov cov cua ntsawj cov dej hauv cov
kais dej nrog rov gab tuaj rau ntawm ghov chaw tso tshuaj, tej zaum kuj yuav ua rau cov chiv phwj
tawm. Tabsis lub pob kaw dej ntawm ghov khij (X) yuav thaiv kom dej txhob them tau rov gab ntawm
cov kais dej nrog los rau ntawm lub thoob rau chiv los sis lub thawv dej.

Daim Duab 7. Yog tsis muaj lub pob kaw dej xim xiav ntawm ghov khij (X) no, tej zaum kuj yuav ua rau
lub cav rau chiv tuag ces yuav ua rau cov dej ntsawj tawm hauv cov kais dej nrog ces yuav ua rau lub
thoob chiv phwj ntws tawm los mus (CDPR).

Daim Duab 8. Ua kom dej tsis txhob ntws rov gab los rau lub taub dej — lub pob kaw dej
xim xiav ntawm ghov khij (H) yog siv los thaiv kom dej txhob thim rov tuaj (CDPR).

-_—
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B. Cov Kais Dej Nrog Uas Ua Hauj Lwm Zoo

Txhua tus kais dej nrog los sis cov kais dej txuag tawm yuav tsum ua tib zoo muab laij kom haum thiab
muab nruab kom ua tau hauj lwm li ghov hom phiaj uas kom txuag tau dej xwm yeem (distribution
uniformity (DU)). Qhov DU no yog ghov kev ntsuam xyuas kom txuag tau cov dej mus cuag rau txhua
ghov chaw uas xav kom ntub. Ua kom dej tawm zoo thiab kom ntsawj tawm tuaj rau cov kais dej txuag
kom sib npaug thiab muaj zog sib luag zos. Qhov muab cov chiv mus tso los sis w rau hauv cov cag qoob
kom sib npaug zos rau hauv daim teb yog ib gho tseem ceeb uas yuav tsum ua kom cov kais dej nrog zoo.

Muaj cov neeg yuav tuaj kuaj saib koj ghov chaw seb koj pes tso tau cov dej thiab tso chiv xwm yeem
thiab txuag tau zoo sib luag zos mus los. Cov neeg noj muaj cai kuaj tau txhua yam kais dej thiab ntau yam
goob nrog rau cov hav nyom huvsi. Daim Duab 9 ghia txog ghov tuaj kuaj cov nyom thiab cov liaj teb.

Daim Duab 9. Ntawm cov tais uas muab cug no yog cov neeg kuaj cug los saib seb cov dej puas txaug
tuaj mus sib xwm yeem thiab puas zoo. Daim sab laug yog kev kuaj ib lub tiaj ntaus pob nkoj ((golf
course) (www.humanability.biz_wp-content_uploads_2011_02_distributionuniformity-test.png_files));
daim sab xis yog kev kuaj ib daim teb txiv gab rog (almond orchard (Tehama County Resource
Conservation District Mobile Lab)).

Feem ntau cov neeg kuaj cov kais dej nrog no siv ghov txuag tau dej sib luag zos los ntawm ghov txuag
gis (Low Qtr). Yooj yim xwb, yeem ib nrab ntawm cov dej uas cug tau los ntawm ghov txuag gis tshaj li
25 feem pua ntawd los faib rau ib nrab ntawm tag nrho cov dej uas cug tau los ntawm cov kais dej txuag
tuaj los kuaj.

DUIq = Ib Nrab Ntawm Qhov Cug Tau Tsawg  _y 100
Ib Nrab Ntawm Tag Nrho Cov Cug Tau

Uas:
DUlg = Qhov Cug Tau Los Ntawm Cov Dej Txuag Qis
Ib Nrab Ntawm Qhov Cug Tau Tsawg = Ib nrab tsawg ntawm ghov 25 feem pua
Ib Nrab Ntawm Tag Nrho Cov Cug Tau = |b Nrab Ntawm Tag Nrho Cov Cug Tau

Piv txwv, hauv Daim Duab 10, ghia tias ghov cug tau los ntawm cov dej txuag qgis (DUIq) yog 80 feem
pua. 80 feem pua yog ghov cug tau los ntawm cov dej txuag gis los ntawm cov kais dej nrog. Cov kais
dej nrog tshiab yuav tsum cug tau li 90 feem pua los sis ntau tshaj. Li ntawd nws thiaj txuag tau xwm

e
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yeem dua thiab tswj tau cov kais dej zoo tshaj. Muaj ntau cov kais dej qub tseem txuag tau tsawg tshaj
80 feem pua lawm thiab. Qhov nov twb vim yog:

e tsis kho kom zoo

e dejpheejnrog

e cov ghov dim pa txhaws
e |ub cav nqus dej nqus tsis xwm yees thiab ntsawj tsis txaus
e cov pob kaw dej xoob tag lawm

e cov khoom nyob tsis sib txig tag lawm

e |wm yam teeb meem uas ua rau cov kais dej txuag tsis sib luag lawm

Daim Duab 10. Piv txwv ghov 80 feem pua txuag tau dej xwm yeem (DU)

Daim phiaj ntawm Daim Duab 10 ghia tias, ua ntej yuav tso tau me ntsis dej thiab chiv rau thaum thawj
khuav dawm (Low Qtr tus xim xiav) rau ntawm daim teb/av, kwv yees ghov tsawg kawg yog 160 feem
pua ntawm ghov dej uas yuav tso rau ghov khuav dawm siab (High Qtr xim ntsuab) nrog rau ghov khuav
dawm thij 2 thiab 3 nyob nrub nrab. Qhov duab no ghia tias kev ua kom tau raws li kev siv cov kais dej
nrog no tseem ceeb npaum licas. Yog koj tso dej thiab chiv raws li ghov koj xav tias yuav zoo rau koj thaj
teb thiab yuav zoo 100 feem pua raws ghov kev siv no ces koj yuav tau tso raws li ghov nyob hauv lub
khuav dawm qis (Low Qtr.) Kev kwv yees tso chiv li no yuav ua rau cov qoob txi tsis tau ntau thiab tsis
zoo nkauj li siab xav. Yog tias koj ho tso tag nrho 100 feem pua rau thaum thawj khuav dawm no, tej
zaum koj ho tso tau chiv ntau tshaj li ghov tso rau khuav dawm siab (High Qtr) los yog Iwm ghov ces
muaj feem uas cov chiv yuav phwj tawm ntawm cov cag mus rau cov dej hauv av. It zaug ntxiv, nws
tseem ceeb heev uas koj yuav tsum to taub txog ghov yuav siv cov dej thiab chiv no ntev thiab ntau
npaum licas thiaj yuav txaus li lub hom phiaj.
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Daim Duab 11-13 ghia txog ghov yuav siv chiv thiab dej npaum cas thiab seb cuam tshuam licas rau ghov
kev siv cov kais dej nrog no.

Daim Duab 11 ghia txog ghov tso dej thiab chiv tsis xwm yeem.

Daim Duab 11 ghia tias ghov kev tso dej no tso tau tsis xwm yeem. Raws li saib, cov kua chiv tau ntws
tawm dhau ntawm cov cag qoob mus rau lwm ghov chaw thiab muaj tej gho tob tsis txaus.

Daim Duab 12. Dej xwm yees zoo, tabsis tswj tsis tau cov dej zoo los ntawm cov kais dej nrog thiab lub
tswj cov kais de;j.

Daim Duab 12 ghia tias cov dej ntws tau zoo lawm, tabsis cov dej phwj ntau heev yuav ua rau cov chiv
ntws tawm tau ntawm cov cag qoob mus. Tab txawm tias cov kais dej tso tau dej txaus thiab tso tau chiv
xwm yeem lawm los, ghov tswj cov dej kom xwm yeem thiab haum rau cov qoob ntawv tswj tsis tau zoo.

-_—
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Daim Duab 13. Dej xwm yeem zoo, tswj tau cov dej nrog thiab kais dej zoo lawm

Daim Duab 13 ghia tias cov dej xwm yeem zoo thiab tswj tau cov kais dej nrog ntawv zoo lawm, tsis hais
thaum tso chiv thiab thaum hloov chiv huvsi li. Nov yog ib gho gqauv/piv txwv zoo uas peb xav kom sawv
daws ua es cov qoob thiaj tau txais cov dej thiab cov chiv ntau npaum li ntau tau. Thaum tso cov dej ntau
dhau lawv yuav ua rau cov chiv phwj tawm ntawm cov cag mus ces yuav tsis muaj sij hawm txaus rau
cov goob los nqus cov chiv (zoo li ghov ghia ntawm daim duab 12). Ib zaug ntxiv, yuav tsum npaj thiab
nruab cov kais dej nrog no kom raug yog tias koj yuav npaj ua ib ghov chaw nruab cov kais dej nrog no
rau lub neej pem suab.

C. Ua Kom Tswj Tau Cov Dej thiab Cov Kais Dej Nrog Zoo

Suam 3 no mus yog yuav ghia ntau txog kev npaj thiab kev yuav los Tswj Qhov Kev Tso Chiv (Nutrient
Management Plan (NMP)) thiaj yuav tso tau chiv haum kom tau qoob ntau, kom tso tau dej haum xwm
yeem zoo, thiab kom los pab tiv thaiv tau cov dej nyob hauv Xeev California kom txhob muaj cov chiv no
mus txuam tau rau cov dej, tshwj xeeb tshaj yog cov chiv nitrates.

SUAM Il - KEV TSWJ QHOV KEV TSO CHIV KOM 20O

Qhov hom phiaj ntawm ghov Kev Tswj Qhov Kev Tso Chiv (Nutrient Management Plan (NMP)) no yog
yuav npaj ib gho qauv (operational plan) rau cov neeg ua liaj ua teb siv los tso chiv. Kev tsim ghov Kev
Tswj Qhov Kev Tso Chiv (NMP) no yuav yog ib ghov qauv los tswj thiab saib seb cov chiv no tuaj npaum
licas thiab neeg ho yuav npaum licas coj mus siv lawm, ua li no thiaj yuav tswj thiab tiv thaiv tau tej av
thiab tej dej kom zoo.

Cov neeg ua liaj ua teb yuav tau mus nug cov neeg saib xyuas kev ua liaj ua teb tshwj xeeb, cov kws qoob
loos/kws av los sis cov kws tswj cov av hauv lawv lub zos ua ntej yuav npaj lawv ghov Kev Tswj Qhov Kev
Tso Chiv (NMP).

Hauv Daim Ntawv Tswj Kev Tso Chiv (NMP) no yuav tsum muaj ghov ghia txog kev siv cov chiv seb tso
npaum cas rau hom qoob twg thiab yuav tsum xav txog txhua yam uas yuav cuam tshuam rau cov qoob
huvsi, xws li kev huab cua hloov, sijhawm tso dej, thiab txhua yam uas yuav tso rau cov qoob yuav tsum
txhob ua tshaj li ghov uas cov qoob xav tau los ntawm cov chiv nitrogen.

Peb xav kom koj ua ib daim ntawv yooj yim xws li...Paub Koj Cov Av, Paub Koj Cov Qoob, Paub Koj Cov
Dej, thiab Paub Koj Cov Chiv.
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A. Paub Koj Cov Av

1.

Mus nga ib gho gauv av los ntawm ghov chaw tuav koj cheeb tsam los saib seb hom av
ntawm koj ghov teb ntawv yog av dabtsi thiab yuav tsum tau tso chiv npaum cas ua ntej cog
goob. Muaj daim ntawv ghia txog ghov kev Npaj Tso Tshuaj Nitrogen (Plant Available
Nitrogen (PAN)) pub dawb rau koj txog cov chiv! (Lub Thawv 1).

Xyuas seb cov av ntawm daim teb yog hom av dabtsi (saib Daim Duab 14).

Sim saib seb cov av puas muaj cov chiv nitrogen (N) nyob hauv. Nkag mus saib thiab ua raws li
ghov ghia hauv http://vric.ucdavis.edu/ thiab ntaus rau ntawm ghov nrhiav (search) ‘nitrogen
quick test’ ces nws yuav ghia kom koj sim licas.

To taub txog seb hom av twg siv dej licas rau licas thiaj txaus (saib Daim Duab 15).

Paub ntsuam cov av (soil pH) seb muaj cov chiv dabtsi nyob rau hauv lawm. Nkag mus saib thiab
ua raws li ghov ghia hauv http://vric.ucdavis.edu/ thiab ntaus rau ntawm ghov nrhiav (search)
‘soil pH’ ces nws yuav ghia koj txog ntawm ghov kev ntsuam xyuas los sis kev pauv hloov (pH)
hauv cov av (saib Daim Duab 16).

To taub txog ghov ntsuam tau los ntawm cov av (uas yog muab tshuaj sim) los ntawm ib gho
chaw kuaj av (certified analytical laboratory). Nkag mus saib thiab ua raws ghov ghia
hauv http://www.nal.usda.gov/understand-soil-testing-results uas ghia txog ntawm kev sim av.

LUB THAWV 1. Nov yog ghov kwv yees seb cov av ntawm daim teb muaj cov chiv nitrogen (PAN)

npaum cas ua ntej cog qoob tag mam tso chiv tom qgab.

Daim Av Tob NO;-N PAN?® Tso tshuaj npaum cas
Tus ID (inches) (mg/Kg) (Ibs N/ib (Net N Application®) (piv txwv,
ev kawj ) Iws ntev 150 IbsN/ib ev kawj) ©
Qaum 0-12 10 40
Teb 12-24 7 28
TAG NRHO 68 150-68 = 82°
Qab Teb 0-12 16 64
12-24 9 36
TAG NRHO 100 150-100 =50

®Kev Tso Tshuaj Nitrogen yog tso raws phaus tauj ev kawj (Ibs N/ev kawj), uas yog kwv yees los ntawm
muab cov chiv nyob hauv cov av (soil nitrate-nitrogen (ppm)) khu (multiply) rau 4 los ntawm cov av
muab los ntawm ghov chaw nyob tob li 0-12” los sis khu rau 2 los ntawm cov av muab los ntawm cov
av nyob tob li 0-6".

® Xav kom tso cov chiv nitrogen (N) rau ntawm cov chaw no.
“Nrhiav kev pab ntxiv, xws li, los ntawm phau ntawv Western Fertilizer Handbook.
4 Kwy yees ghov ngi. Cov chaw muaj dej nrog rau cov chiv nitrate lawm yuav tau tso chiv N tsawg dua.

e
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Pib
Vil
Tso ib xib teg av rau hauv koj xib teg.
Muab dej los nrog zuj zus rau thiab
muab nyem kom tawg tag mus ua
hmoov. Muab cov av nyem kom nplaum
zoo puab ua tej thooj ces zoo sim lawm.

L

Puas yog ghov av
tseem khov ua thogj
thaum koj muab nyem?

L)

Muab thooj av los maj mam xuab rau ntawm taub teg

li xuab yas. Xuab rov lawm saum taub teg kom cov av
zoo li txoj yas tuab thiab kheej. Muab ghov av zoo li txoj
yas no tso rau ntawm koj tus ntiv tes, nws yuav cia li
dam ua ob ya thaum hnyav.

Ntxiv av ghuav rau
kom nqus cov dej.

Yog
Puas yog
avnkov  TsisYog
dhau lawm?

Yog

: Puas yog L
Tsis Yog ) avtseem  Tsis Yog
ghuav heev?

AV XUAB
ZEB

-

S

Puas yog cov av ua tej caj li
fxoj yas?

Yog

Puas yog ghov av koj

xuab tau zoo li txoj yas L
ntawd khov tsis heev  TsisYog
thiab luv tshaj 1 inch
ntev ua ntej dam?

Puas yog ghov av koj

xuab fau zoo li txoj yas &
ntawd khov tsim tsawy Tsis Yog
thiab muaj li 1-2 inches
niev ua ntej dam?

Puas yog ghov av koj
xuab tau zoo li txoj yas
ntawd khov heev thiab
ntev tshaj 2 inches rov
sauv ua ntej dam?

Ly

thiab maj mam xuab nrog koj lub taub teg.

Muab dej tso ntau tsawv rau ib gho av me-me hauv koj xib teg

LY. |

Puas yog Puas yog
cov av lub cov av lub
qaws li qaws i
gy xuab m mua}?j xuab
gzeb' _ NPLAUM 28
\T,SIS UA XUAB
ZEB
Puas yog
cov av Zooj COV av Zooj
nyoos thaum nyoos thaum
koj xuab?

Tsis hnov lub tes li
muaj xuab zeb thiab
tsis zooj nyoos li.

NPLAUM
TAWV

Puas yog
cov av lub
gaws li
muaj xuab
zeh?

COv av Zooj
nyoos thaum
koj xuab?

Tsis
Yog

Yog

Tsis hnov lub tes li
muaj xuab zeb thiab
tsis zooj nyoos li.

Daim Duab 14. Txiav txim seb yog av dabtsi los ntawm kev sim cov av (USDA-NRCS).
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Daim Duab 15. Qhia ghov txawv ntawm seb dej yuav xau licas rau ntawm cov av xuab zeb
(sandy) thiab cov av tawv (clayey). Hauv cov av xuab zeb, cov dej yuav xau nceev nrooj ngig rau
hauv lawm vim nws xoob heev. Hauv cov av tawv, cov dej yuav xau geeb thiab maj mam ntws
dav mus rau ob sab tau zoo (Whiting et al., 2010).

Daim Duab 16. Qhia txog cov chiv zoo rau cov qoob raws li cov av uas muaj cov tshuaj (soil pH)
thaj tsam li 4.0 txog 10.0 uas cov av ua lwb lub ntau-ntau nyob rau hauv cov av yog cov muaj cov
chiv zoo thiab muaj ntau yam nyob rau hauv. (http://www.extension.org/pages/13064/soil-ph-

modification).

=S5 e
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B. Paub Koj Cov Qoob

1. Xyuas seb hom chiv twg rau tau hom goob twg thaum tab tom loj hlob tuaj.

2. To taub txog kev ua goob, piv txwv li, kev loj hlob ntawm tsob qoob, cov cag mus tob licas, thiab

ntau yam ntxiv.

3. Xyuas seb hom chiv twg thiaj zoo rau cov qoob thaum tab tom loj hlob los ntawm kev mus muab
cov qoob los sim ua ntej thiab tswj cov goob kom nws zoo thiaj txi tau ntau npaum li ntau tau.

4. Kwv yees cov chiv yuav poob rov gab rau daim teb ntau npaum cas thaum yus muab nws tag
lawm. Nkag mus saib daim ntawv ghia tsim los ntawm USDA-NRCS mus laij hom qoob uas koj
xav paub nyob hauv http://plants.usda.gov/npk/main.

5. Tsim kom muaj ib ghov kev tso chiv nitrogen xwm yeem thooj plaws daim teb (saib Lub Thawv
2) es thiaj yuav tsis muaj gho tso tau chiv tshaj, thiaj yuav txuag tau kev siv chiv, thiab yuav tau

goob ntau dua.

Lub Thawv 2. Tag Nrhov Cov Chiv Nitrogen Yuav Siv Rau Daim Teb®

Tag Nrhov | Tag Nrhov Cov Chiv Kev Tso Cov Chiv Tso Chiv Tag Nrho Cov Chiv
Cov Chiv Cov Chiv Nitrogen Nitrogen Nitrogen Cov Chiv Nitrogen
Daim Teb Nitrogen Nitrogen Sab Hauv Raws Huab Nitrogen Nyob
hauv lub Sab Nrauv | (piv txwv: Cua Hauv Uas Cov Xwm
tub rau (pivtxwv: | covmuaj | RawsCov | MuabYwg | Lubloom | Qoob Nqus Yeem
khoom cov txeej ua ntej Kais Dej Rau Daim TiajS)Vno | Tawm Tag Hauv
(PAN) tawm) cog qoob) Nrog Teb Lawm® Daim teb"
Txiv Lws
Ntev 82 Ibs/ac 0 50 Ibs/ac | 50 Ibs/ac | 10 lbs/acft | 4lbs/acyr | 175 Ibs/ac 1.1
(gaum
teb)
Txiv Lws
Ntev 50 Ibs/ac 0 50 Ibs/ac | 100 Ibs/ac | 10 lbs/acft | 4 lbs/acyr | 175 Ibs/ac 1.2
(gab teb)

® Tag Nrho Cov Chiv Yuav Siv Rau Daim Teb yog xyuas los ntawm muab (tag nrhov cov chiv nitrogen hauv lub tub rau chiv — tag
nrhov cov chiv nitrogen yuav los + cov chiv nitrogen muaj nyob tsev + cov chiv tso raws cov kais dej nrog + cov chiv nitrogen
uas nws muaj nws) / (tag nrho cov chiv nitrogen uas poob ntawm cov qoob los).

b . . -
Qhov xam seb yuav tau ngi npaum cas (value) ntawd ces muab tag nrho cov qoob tau los ntawm uas siv cov chiv nitrogen no
khu (multiply) rau txhua hom goob seb tau ntau npaum cas, saib phau ntawv Western Fertilizer Handbook.

© Ib tug lej loj tshaj 1.0 lawm yuav ghia tau tias nws tau ntau tshaj li ntawm cov chiv lawm. Li keev ua, tus lej nyob nrub nrab
ntawm 1.0 thiab 1.5 ces yog ghov ua tau zoo lawm.

s
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C. Paub Koj Cov Dej

1.

2.

Xyuas seb cov dej qab ntsev nyob hauv koj daim teb thiab cov chiv uas muaj nrog koj cov kais dej
nrog los muaj npaum cas (nov yog chiv dawb rau koj xwb!)

To taub txog ghov cov qoob loos thev taus cov av thiab cov dej gab ntsev. Nkag mus saib

hauv http://vric.ucdavis.edu/ thiab ntaus rau ntawm ghov nrhiav (search) ‘soil salinity’ mus saib
cov xwm txheej ghia txog ghov cov dej gab ntsev yuav cuam tshuam licas rau kev tau qoob los
licas.

D. Paub Koj Cov Chiv

1.

Saib Daim Duab 17 ghia hom chiv uas keev siv thiab seb los ghov twg los.

CEEB TOOM: Daim phiaj ghia (chart) no muaj cov xwm txheej los ntawm tib neeg txoj kev xav
txog cov kua chiv ua tsim los xwb. Cov xwm txheej ghia hauv no yog tsim los ua ib ghov qauv
ghia sawv daws xwb. Tsis hais ghov chaw ua cov chiv kua (Fluid Fertilizer Foundation) los sis
cov neeg pab nyiaj ua cov chim no yeej tsis lav tias cov xwm txheej ghia hauv nov yuav raug
tag nrho. Thov mus saib ghov ghia ntawm lub chaw ua cov tshuaj thiab ua raws li lawv ghov
kev ghia uas yog muab ib gho me-me los ntim rau hauv lub fwj ces muab sim ua ntej muab
tod kiag tag nrho.

“Sib Haum”, ghov tov tau ntawd yog ib gho siv tau.

“Muaj Tej Yam Tsis Sib Haum”, ghov tov tau nyob ntawm tej yam xwb.
“Muaj Tsawg Heev Thiaj Sib Haum”, feem ntau tov tsis haum.

“Tsis Sib Haum Li,” tov tsis tau uake los sis yuav yog tshuaj lom.

Yuav ua rau muaj hluav taws.

Xyuas seb hom chiv twg thiaj yog hom zoo siv.

Laij seb koj yuav tau tso chiv ntau npaum cas rau koj cov qoob ua ntej cog thiab thaum loj ib
nrab lawm (faib ua ob zaug tso).

Mus cuag ib tug kws muag chiv koj thiaj nrhiav tau cov khoom tiv thaiv xws li cov pua khoom
kom txhob muaj kev plhom sij (material safety data sheets (MSDS)) thiab mus nrhiav cov kev
ghia txog cov chiv, chiv yaj licas, thiab cov chiv yuav ua licas yog muab sib tov los sis tov tau nrog
tshuaj lwm yam.

e
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Daim Duab 17. Hom chiv dabtsi thiab los ghov twg los (http://www.fluidfertilizer.com/).

-
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SUAM IV - XYAUM KOM PAUB SIV COV CHIV THIAJ SIV TAU ZOO

Los ntawm cov neeg ua lag luam kev xav, nws yog ib gho tseem ceeb uas yuav tsum siv chiv kom tsawg li
tsawg tau. Nws kuj yog ib gho tseem ceeb heev uas cov neeg ua liaj ua teb yuav tsum los saib zoo kom
cov chiv no txeej tsawg li tsawg tau rau peb tej cheeb tsam thiab yuav tsum muaj lub siab los Xyaum Ua
Qoob Loos Zoo (Good Agricultural Practices (GAP)) thiaj li yuav ua tau raws li cov cai nyob hauv lub
Xeev California no.

Tej Kev Uas Yuav Tau Ua Kom Txuag Tau Kev Siv Cov Chiv

1. Tsim kom muaj ghov ghia kev tswj kev tso chiv kom zoo (NMP).

2. Khaws tej ntaub ntawv txog koj daim teb cia zoo, tau qoob npaum cas, thiab ghov chaw twg yog
ghov qoob tsis zoo.

3. Ceev cov av kom zoo, piv txwv, muab tej yam muaj chiv tso rau (tej nroj tsuag lwj/tej quav nyu;j
ub no), rov muab cov qoob tsuav rau hauv, thiab Iwm yam.

4. Uaraws li ghov ghia ntawm 4 tug Y (4Y Nutrient Stewardship Concept) (Daim Duab 18)):
Yog Kev Pab (Right Source) (yog chiv zoo, ncaj chaw zoo—muaj av/muaj nplooj ua chiv zoo).

Yog Nqis (Right Rate) (cov goob yuav tsum tau chiv—muab faib ua ob zaug rau thiaj ua tau
chiv zoo).

Yog Chaw (Right Place) (cov qoob nrhau cag zoo, dej ntws tau raws cov cag qoob zoo).

Yog Sijhawm (Right Time) (cov goob nqus tau cov chiv raws kab, cheeb tsam av zoo).

Daim Duab 18. Qhov gauv ntawm 4Y yog ghia txog kev tso chiv tau zoo uas muaj 4 yam
nyob rau hauv xws li cov kev pab, yog nqis, sijhawm, thiab yog chaw los rau cov chiv uas
yuav los pab tau tej khoom noj, muaj kev sib pab, thiab pab tau cheeb tsam yus nyob uas
yog tawm tswv yim los ntawm cov tuav dej num saib lub zej zog (stakeholders) kom siv rau
kev ua goob loo (Bruulsema et al., 2009).
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COV NPE KHOOM THIAB TXHAIS LICAS

AF ev kawj — ib taws (1 AF/ac = 1-ft tob ntawm cov dej) = 325,853 nkas loos

AF/yr ev kawj-ib taws/ib xyoos

AC ev kawj

CDFA Tsev Saib Xyuas Zaub Mov thiab Kev Ua Liaj Ua Teb Hauv Xeev California

chemigation kev tso tshuaj rau hauv cov kais dej nrog kom xa mus rau cov qoob koj xav kom tso los
sis daim teb.

DU txuag kom tau sib xwm yeem

fertigation kev tso chiv rau hauv cov kais dej nrog kom xa mus rau cov goob koj xav kom tso los sis
daim teb.

FREP Qhov Qhoos Kas Tsawb Fawb thiab Qhia Txog Cov Chiv

MSDS cov pua khoom kom txhob muaj kev plhom sij

NMP kev tswj ghov kev tso chiv

SIV Loom Tiaj San Joaquin Valley

COV CHAW MUAIJ KEV COB QHIA SAUM NRUAB NTUG

Tsev Saib Xyuas Zaub Mov thiab Kev Ua Liaj Ua Teb Hauv Xeev California (CDFA) —
http://www.cdfa.ca.gov/

Tsev Saib Xyuas Kev Cai Ua Tshuaj Hauv Xeev California (CDPR) — http://www.cdpr.ca.gov/

Chaw Saib Xyuas Kev Txuag Ub No (Natural Resource) Hauv Xeev California —
http://www.ca.nrcs.usda.gov/

Chaw Tsim Cov Dej Kuaj Tshuaj (Center for Watershed Sciences) — http://watershed.ucdavis.edu/

Chaw Tsim Cov Kais Dej Nrog (Center for Irrigation Technology) — www.californiawater.org

Chaw Tswj Xeev California Cov Kais Dej Nrog (CIMIS) —
http://wwwcimis.water.ca.gov/cimis/welcome.jsp

Qhov Qhoos Kas Tshawb Fawb thiab Qhia Txog Cov Chiv (FREP) —
http://www.cdfa.ca.gov/is/ffldrs/frep/index.html

Chaw Tsim Cov Chiv Kua (Fluid Fertilizer Foundation) — http://www.fluidfertilizer.com

Chiv Rau Qoob (Plant Nutrients) — http://www.ncagr.gov/cyber/kidswrld/plant/nutrient.htm

Hom Chiv Nitrogen Zoo Licas rau Qoob Loo -
http://www.house-garden.us/articles/the-role-of-nitrogen-in-plants/

Chaw Tshawb Fawb thiab Muab Kev Qhia Txog Kev Ua Zaub Hauv UC Davis — http://vric.ucdavis.edu/

To Taub Qhov Ntsuam Tau Los Ntawm Cov Av —
http://www.nal.usda.gov/understand-soil-testing-results

USDA — http://www.usda.gov/wps/portal/usda/usdahome

Kev Cai Dej (Wateright) —-www.wateright.org
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A3 3 e 25 Yf3H3 d9 d AT © WA pU § Yt HAe Yeadt € aHe™ 7Y © I% WHS DU &8 ISHIH
FI& 3 fHfewr vy Jer I

KLER AT

DUIq = -
WH3 99

X100

IGEE
DUlq = J&&t f&q garet €3 fagrgsT
WH3 W-We - AF 3 WT 25% BYS T WHI
WH3 J% = UJ aHS T WA

Tgds B, fd39 10 €8, 80 Yf3H3 DUIq § Jrfed gu RT feurfonr famr I Wirt f3ms § fqu fiaet
Y=gt Bel WIA3 DUIg Hiemr Ater I &2 fgu fareH fewrdis 90 yfsHs A g Je ordier J) foer o8 =09

e
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feairg 3919 &% HE Ud 7l I w3 ue HE'GE T J9n 3 TU fouge fiser J1 I8 ygrem fifmre
YEHBf T DU 80 Yf3H3 3 ue Jer J) fore 38 ardat ffg Arvs J Al J6:

o HIASF-ATS

° m

o UTE 3T T¥M NI T g JTT

o Uy AR Y=g w3 TFE AUSTE &t a9 faar

o i3 T3< AJI 3T &5 AP &t A3

o yTE St Gore R o

o JIIUR A HAd Yot & feamrgzsT § sese Ia

fg39 10. 80 Yf3H3 <3 feaATs™ (DU) & BT ITs

fg39 10 fET qre fourger 3 fx, dor 83 € Al gard IR &g Ul w3 yre & W2-ue H3a uge 38t
(Jo& gEre (IR T S USh), €9 gud (TR (€9 gad f[JA o8 gt Ud) g ust S wie-we H3arer
BIFAT 160 YS3HI Urfen 729 w3 A w3 St gardl [Jrr fegs’ fegarg J=ar feg fewrGer I & Adt 39°
&8 v HEE T arar U3 996 TH3 23 & feanrgsT fdal Hd3eyas J1 A 3 oA asus € wiag 3
f& 93 100 Yf3H3 DU U3 33 fgar 3, uret w3 ve e I 37 A JoB gadl [JA Rg We @ I Ji fer e
&3 4 ure T JFE 3T &t i3 A=l RS ada §3Ues wf JIEe3T I& 919 A4t 7 3H 3
gEE A § 100 Yf3H3 Ause 39 99 J, 3t J Aaer J fa 3At B0 gae [t iR sg3 fmmer e ur 59
J= W3 o I96 A< 39 3 He A 8 839 3 I&F AHiar UEl iR 7 el J1 g, B Ut w3
ye T I8 H39 w3 g Yu3 96 B8 v g8 © argd ©f Ad! fire § AHsE HI3<YSs JI

e
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939 11-13 23 & fearras w3 fog ye HEge § fa= yries a9 Hact J feurger J

fg3g 11 II9-g990 Ust w3 ye &3 A © &'8 H'3" DU.

fI39 11 Wt €3 fegrrgzsT fourger J1 a3 24, I3 939 R ue ygr<l A © 8939 3 5" g8l It I w3
TH 933 [TT 31 Fudt 39 &Jt uddt I

fg39 12. 9T DU, fHAE W3 ue fHe8E © dgd & W y=Hus

939 12 T4t DU UT fHAE & 593 3t fire © 996 AT ST 3 UE T Ag €8 U3d 3 J& g8 FE o
fonorfemr gger J) T8I fHAE T8 Urst w3 ¥e S99 €3 A 9, for ar9d © W ysus © 996 for
S I3 &S AHEIT Ifemr J
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fg39 13. Iar DU, fHAE w3 ¥ fHEGE © 990 © Adl ATS6

fg33 13 9ar DU, W3 gE fHEEE T fime W3 AF's A3 9e fHEGE © argd © At Hoss feurger Ji
foeg €7 91 & T4t BT99s I wF U3 9% € OfiT 39 99 I, wrdt e § €3 I Une ueraE € <0
3 g w3T 181 =g fHAE &8 e 7 8 939 3 il 7 ASe! I 7 U edT IR uTgd Ay e B8
ST i &t Ifder I (AR fa fi39 12 T fourfowr famrr 3) | T, ue fHe8s & a9 < A Urs=er
ST 3fy feg uel &% oI5t e =gl fHard § fimrs &g It Arer grdier 3

C. UTEl w3 H'T T 9Ir YHuS

fer fiusTer T 991 3 {89 Jeit Ume =i WS (Nutrient Management Plan - NMP) € UAaTse! W3 HISa 3
fimres fider 3t 7 ve U Are 3 SRR 53R Yyu3 di3 7 AdE, AR a3 4 eR% T 83ues 20, Adt
I &% Hre fHEE He & FIIE3T U3 IR, w3 agieadmr &g uret € AI3F & Sfemrr i3t 7 A frigt
I Y3 I X feg ve, ¥A 99d FrEide, U HE © I96 TH3 I I Ia

g1 11l - UHE YT WAST (NMP)

ﬂ'EI'E"-[E'I"q'ﬁT-IW(Nutrient Management Plan - NMP) QBT%HWW@EQB'@'W@WQ@T%HEW
3G B8 I NMP 313 536 & fHegr ve € faaawal ada W3 fisye w3 wigeue H3e faguds a6
T i Ag <4 i3t At I3, W3 T weldl g8 w8 SiSt At I o fog fed it w3 urst & greesT &
Ifemr I3a1

WET NMP 6903 596 3 ufas’ farst/sra3argt § et © u3tardt Hadh, Y3 eas/mHie
ASgad 7 fFAfeace e & Ags ags ofent @ &% fegrg-ecied d9a grde Jl

NMP T f9 B9 Jng uegst € grc AHg Je' gdier J fir R 994 ors &8 Ung uegs &3 7 @mff
WHGST € 7S JE W3 UHd UE9H © AS AJS!, A8y © I8'3, fHAE & argreH, w3 293 3 fegg
33T Are gdter I w3 &8 JY g weldt gerfonr Aer grdter 3 9 fog ©9F oHS e I8 Sreic s el 33
3 < &dt I

w3 nryEl v F AEl

e
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A. ZuEt T & e

1.

Garge 3 ufast € uami 3 it < Und uerget € ArdEr T Ta fsauds dds 3¢ Yf3fsu
Y33t 3 1A © oS feds ad1 Ue B8 QuUsHT 578ICHS (Plant Available Nitrogen - PAN) 3T73T
HS3 NY< I (FIet 1)1

29I 3 Y3T 3Irge i fa 39731 it €t 5239 fod fadt 3 (839 16 @)

& & srdicHs (N) € 78T A J31 fod fa= J9e 3, fom 579 ferzrg € Areardt &4 for 8
http://vric.ucdavis.edu/ 3 A& ™3 ‘nitrogen quick test’ & B
-3y 3 & Fe39 T S KT Ut & wrewrd § mns (939 15 @)1

foguras a3 fa it & pH Urd uegs’ & QuassTsT § fa= yoifes ager J| fer 573 Areardt &8
faﬂwwgaaﬁﬁ%fée@ pH?;SfaéEI'EB‘ETE? http://vric.ucdavis.edu/ 3 AE 3 ’soilpH’?ijQﬁ
(fd33 16 )|

faR YreifE fendna Sargcdt 3 oS A3 Hidh & A9 © &3 (IAfess femdne) § M3 fidt
o 79 g9 few T B http://www.nal.usda.gov/understand-soil-testing-results 3 AG|

AIE 1. e Uy 7 3 ufgst Adle 3 feddt i3t ardt, @ar@e 3
yfast & fifdt 3 Ue st Qusey a8icHs T WaH'S (PAN)

a3 St Surst NO,-N PAN® S NUgE’

() (Brp/fagp) | (HFN/ETF) (BeIT5, SIE 150 JIN/27) ©

g3g

0-12 10 Lo

12 — 24 7 28 p
I 68 150-68 = 82

0-12 16 6L

12 — 24 9 36
% 100 150-100 = 50

* UE3 FEicHs Y3t eg < feardt ST Uk 38 QusET aEicHs (W83 N/2F) T wigH's, it R ardide-
BECHS (ppm) & 0-12” FUE 3 BL I SHlSW B L &8 JET IS 7 0-6” e 3 BL I Yl B 2 & I
IS BIrfemr AT J

* 8% AEict 3 FEeHS (N) T 233 € fieran St I H3ar

‘At IJT% AI3 3 AT B, §TUI6 BH, THCIS SIS HHIA I3

EHTSS Wl FERE TB Ul € & HATd i3t met § We N e & 37 I
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ECE]

"l
it = g sfonwr Ifewr <37 ovg
Iug! fSg S8 He-g J9a uet

37 fe€ T8 7 AaE =8 gy e it Ut § s o8
& foamgs 7t 3, AR 3 faiddh ¥ Halt it )

L.
ot =5 7 2 fifdt R ot fiict 593
e 55t offst I Helt I
L.l #

i & die § 1igs 2y ot Re 8 w3 fem
3 fogs = e fegmag Hed w2 S3d e
fo=s =8| fogs § 1y €arst 3 wiat /e feh,
A &% feg w2 379 &5 g2 7o

- -
@ a9 &t it T fogs geer d?

T 5 Adhfes 7 =1
B T HAg3 o

geer J7

|

fg39 1L, 29 F A T 9=33 U3™ ATt (USDA-NRCS) |
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939 15. I3 = A w3 dieet i fSg uret & wedd & 38e71 I3 @ fifd Ko, gz ss ©
IS UEl WIgH &8 IS 8T e J1 Piaet A R, uret shitsdt yfafanr @ enrar Jg-Jgt
I femret f&g ATT I (Whiting et al., 2010) |

fg33 16. & & pH T 4.0 3 10.0 T I T wEAS Ue I8 Ung ueag of Sus=sgsT, fig g9
33 T wrarg A @ -2 pH YUt 3 it © U &g Hge 939 33 & w33 yeafis dae JI

(http://www.extension.org/pages/1306L/soil-ph-modification).
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B. WS SHS & A

1. €3UTs © ¥AH 38 g & Ung uergg ©f 33 f&9ud3 ad

2. A% S ffawr § AHR, H3BH fJ 0 T uz™, A7 S Jurd wifel

3. US R fegi @ ays €AY 93 eHS © UHd URTIE € E9n f69ua3 ad 3 fHg3dis deeg
€ TEM THS' § SISTg Sfemir 7 A |

4. GIrGE © HAH T i3 3 & Il eAg & I 3 eA% © Uns ueget § ITT8E T WoH'S B8
http://plants.usda.gov/npk/main 3 A" & foA UTH TAS B&I fTA™E T HI3 USDA-NRCS ©wa feafis

St = gaie 2

5. Ye Tl 87 3 20 I3 T AHH § WG, He © 293 & ag9g3T fag3g gegT w3 a3 g
e 59999 JHT B8 YJ T9H TH3S aEieHs © AIBG (Age 2) T fIAs Sarg|

AIEl 2. Y3 TIH B8 FECHGT AIBSG

AeSw &g

I3 FEHS

&EgHe st = s¥iers THS TS
I8 EeHs | S99 ST I neg sivfsg T Irdt a3 f=g
EECESR Y (PAN) (Ceggs e | fewrd T B EEHS” | mHeAs
I | (Gewgs | WefimgdR EED TS = Agss’
Heddeds | =@ garge
EiE) 3 ufgsh)
Hae . .
@59 82 0 50 50 10 Us/8a9x LUz /897 175 1.1
= U3/8a7 Uz/8a7 U3/8a7 3 S Uz/8a7
sare . »
(&) 50 0 50 100 10 ¥3/8937 L J3/89F 175 1.2
U3/9a7 Uz/8a7 U3/9a7 g S Uz/8a7

*yI TIH T TEICHS T HIBG (ACIH ¥8 38 adicHs — 9794 31 a1 38 ordiers + wied e 18 el + fHiad =3 aeicrs + T3<ded

FUCHG) / SHS Trdr I8 I I8 TEICH) © waU's e fsgurds JisT A 3l
* oA & 9% OTed § UH RS € U € fo R9 a8icHs ©f H3d o8 JIT J9d H'G ST /T AT J, SHCI6 Sdai8Eind 995 ol
€1.0 3 FF 1o IR UTeE & fAOSE 59373 T Ao e 91 ka9 199, 1.0 W3 1.5 © fegare Wot § AR WeT AW wer 3

e
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C. WU Uyt § Ae

1.

2.

HyE T Ugg w3 A @8 el @ AI3(37) 3 Hse @8 A< Unx uegg’ © U3T 94 (ffg
3TE HS3 UE & ger )|

& w3 uret 89 wrdue © Y3t ens & AfoTHgsT § AH| vdus € Yudt @ erg & e 3
WHI I3 U3T 96 B http://vric.ucdavis.edu/ 3 AE W3 ‘soil salinity’ T 9H I3

D. WUE ye & Ae

1.

HH S o fTHHT W3 AI3T @3 fid39 17 @81 IoF 3t fozreat w3 Jrimf fid39 17 3 &g Jemit
I5|

for grae {9 398 ye Geudl feud B & I 3 word3 Areardl HTHS J| foA Areardt § & v
IreE € gu R9 f3nrg o3 famrr J1 & 37 2Bfes eIdisdng TE3Hs »3 & It s Ugs T8
Aeardt & ©gA33T T I fEe Ia| wifsH Uog 3 fHege 3 ufas' fagur aaa fsarsT/Ausfeg
< QU3® I3 Areddl W3 8¢ 7' TH WaSS3T Hig & FJ

"HE FE'QT WA, &3 WH 39 3 AR IUAT AIE g Il
FIH3 SIS WH 39 3 WSEHISIT T nied wiggs Jer J
'gg3 HIfH3 WgdB3™, Wiy 39 3 welfo3 firae

WoIE GJt', WEBfgZ fitigE w3/H UsIeTd Hurs

et 37y ver Jfmr

ye & Adt farH fsguga3s a3
€args 3 ufgst w3/A HAH © fegag Ud A T 95 ye & 33 © fgig sarg (U 7re @)
ye § fIfimi feg €3) 1

FAHIIST gfemir geT Hiet (MSDS) ITHS d96 W3 HE € IATfee fRfamis, WaeiasT, w3 g uret
W3 AeEHA B &Y A= wizgfafonr I3 Areardt 8 B¢ fan Iale feadt yf3fen o s
FJ
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39 17. gAfefes ye S fImd™ W3 AS3 (http://www.fluidfertilizer.com/) |
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FI1 IV - ¥ <3 ©f 9993 feu A9 a3

WIES U 3, THS ©d" HE & AY A'E § 20 3 0 9% HIZRYIS Jer J| famrs/arasard sd fag &
Wﬁméﬁn@mﬁawéma@ e &3 7 w3 A S Sather et
(Good Agricultural Practices - GAP) WQWW?WWWWWWWI

yre O €33 ©f I'99193" S AU'T 994 U HY IS

1. ffgume l{EIU WA (Nutrient Management Plan - NMP) f3nrg 3
2. g3 © fuf3gA, ors & dTeg, W3 HHIS 939 T fgargs 341

3. S & 9% e 3 ge<3 § g J I, W3sH fJ Afex uegs figge (de/g), Trs’ § wge,
nfel

4. 4R IHE AAeI3Y A3 & use a9 (f939 18):
HJt AI3 (Right Source) (4 € gy, Jr—HS /U3 ugE))
AT T (Right Rate) (SHS € Ui S g—Urc $ S0 Iy M A= Bd GRS 3 Ug)|
AJt AE'S (Right Place) (SAS T 73 € Ucds, AF U3d © nied Ul € wiew )|
HIt AHT (Right Time) (SAS TnaT UHe 3¢ Ae © Ucds, fHel T @3=gs)|

39 18. 4R UHE AARISMHY '3 Ue U Ae 38 At AJ3, T, A, "3 AES § wifid
FIS T UGFTH3 9T I 7 WIfHd, AIHAS, W3 T3<de &8 A9U3 WA &34 I o
I& A IR B 3eds RO fJ3 Jus @@ 79 3d Td= IS (Bruulsema et al., 2009) |

e
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AF 8IF-I< (1 AF/ac = 1-g€ W UTel) = 325,853 JI1B6

AF/H'S eFF-d/AS

AC ICE

CDFA ABeISMI fFurgec wig g8 W3 "NIdiasad

IEERIEIO]

grfee Hege  fHAd Y=gl € 9dt dicona uTas s 7 3t 1 fodet § eAs' 7 93 39 udorfenr
U CH

DU EERCHICEY

A grat

ye fHegst el Yeradt @ 9t wre fig8et 31 1 fegst § eAst 93 39 udorhor 7 Al

FREP yre g9 °H w3 fHfmr T JaeH

MSDS AHIIS It Areardt Hiet

NMP e y=us UreT

SIV Ao Migfos 25t

nssEs ffir @ A3

ABIEISEMI faugene wie g3 w3 ’ﬂﬂﬁ'ﬂﬁ (CDFA) - http://www.cdfa.ca.gov/

AFIdIShr fsurgere wre URSHAES 393 HS (CDPR) - http://www.cdpr.ca.gov/

IS ?@8’8’ forIn aaAg=re AIfeAT - http://www.ca.nrcs.usda.gov/

Aeg @9 Tean3 ATEfAH - http://watershed.ucdavis.edu/

Aeg @9 fediiAs 2953+ — www.californiawater.org

CIMIS (CA fedidas Hémie feseanms fAAEH) — http://wwwcimis.water.ca.gov/cimis/welcome.jsp
eIdIBEHg fango W3 ’ﬂT_—__lﬁ'Fl?? 1]31-@{ (FREP) - http://www.cdfa.ca.gov/is/ffldrs/frep/index.html
E’QTEB CEE R EC] 'G"Q?ﬂ?? - http://www.fluidfertilizer.com

e @ UAA - http://www.ncagr.gov/cyber/kidswrld/plant/nutrient.htm

Ufent fEg ?T"E"\QT—I?S S| gﬁ-l_ol" - http://www.house-garden.us/articles/the-role-of-nitrogen-in-plants/
uc TS faATT W3 feseanis Aed — hitp://vric.ucdavis.edu/

fiic @ a3t ?;§ AMT - http://www.nal.usda.gov/understand-soil-testing-results

USDA — http://www.usda.gov/wps/portal/usda/usdahome

TregaTele —www.wateright.org
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SECCION | — EFECTOS DEL FERTIRRIEGO EN LA CALIDAD DEL
AGUA POTABLE

Beneficios del uso de fertilizantes

La aplicacidn de fertilizantes en suelos agricolas brinda beneficios bien documentados — principalmente
un aumento en el rendimiento y rentabilidad de los cultivos. Los agricultores/productores utilizan una
variedad de métodos para aplicar fertilizantes. Estos incluyen, entre otros, la aplicaciones en pre-
siembra, aplicaciones foliares y el fertirriego — la aplicacién de fertilizantes junto con el agua de riego
durante el periodo de crecimiento.

El manejo de los nutrientes y el riego son componentes clave en la utilizacién eficaz de los fertilizantes.
Los agricultores/productores pueden consultar con especialistas de la universidad o del servicio de
extensidn, asesores matriculados en cultivos, agrénomos, o cientificos especializados en suelos, para
obtener informacién sobre el manejo correcto de su programa de fertilizacion.

El nitrégeno (N) es el principal fertilizante utilizado en el mundo. La aplicacién de nitrégeno en suelos
agricolas ha demostrado una mejoria destacada en los rendimientos de numerosos cultivos. No
obstante, la aplicacién de nitrégeno presenta un serio problema de salud publica, dado que el mismo
puede trasladarse con el agua a través del perfil del suelo y acumularse en las aguas subterraneas. El
nitrato, que es una forma de nitrégeno altamente soluble que se desplaza facilmente por el perfil del
suelo, es un problema primordial.

Efectos del uso de fertilizantes

En California, el agua subterranea es un recurso esencial y su preservacion es un tema de la mayor
importancia (Follet 1989). A lo largo y ancho de los Estados Unidos y del mundo, el nitrato es el
contaminante mas generalizado del agua subterranea, después de la sal. Se estima que se aplican
419,000 toneladas anuales de fertilizantes nitrogenados en los suelos agricolas de los Valles de San
Joaquin y Salinas, y que aproximadamente 80 libras de N/acre/afio se lixivian a través del perfil del
suelo hasta las aguas subterraneas (Harter 2009). Un informe elaborado por la Universidad de California,
Davis (Boyle et al. 2012) aborda el tema del nitrato en el agua potable de California y expone el
problema sobre la base de la recoleccién de datos existentes, ofreciendo una serie de soluciones que
pueden tener consecuencias directas sobre los usuarios de los fertilizantes nitrogenados. El estudio llego
a las siguientes conclusiones:

1. Laactividad agricola es responsable de mas del 90 por ciento de una contaminacién que
afecta a mas de 250,000 personas.

2. Secree que 1 de cada 10 pozos de agua de los Valles de San Joaquin y Salinas esta
contaminado con nitratos.

3. Elinforme concluye que aunque hoy se eliminara el uso de fertilizantes, se tardaria mas
de 30 afios hasta que no se encontraran mas nitratos en los pozos.

Por otro lado, el informe exige que la actividad agricola haga todo lo posible para aumentar la eficiencia
de uso de fertilizantes nitrogenados y minimizar el movimiento de los fertilizantes fuera de los sitios
donde se aplican.
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Teniendo en cuenta que un 95 por ciento estimado de la poblacién del Valle de San Joaquin depende del
agua subterranea para beber, la contaminacidn de dicha agua es un verdadero problema de salud publica.
El caracter persistente de los nitratos en el agua subterranea puede causar problemas gastrointestinales y
producir metahemoglobinemia si se ingieren en grandes cantidades (Lee, 1970). Un estudio de la
Universidad de California Berkeley de 2011 establecié que aproximadamente el 15 por ciento de los
residentes del Valle eran servidos por un sistema de agua con niveles de nitrato que excedian los que el
gobierno federal considera seguros. En 2007, el 74 por ciento de las infracciones del nivel maximo de
contaminantes (MCL, por sus siglas en inglés) en el estado ocurrian en el Valle de San Joaquin, afectando a
mas de 275,000 personas (Balazs, 2011). El Valle también exhibe una de las mayores tasas de pobreza, por
lo tanto muchas de las comunidades no cuentan con financiamiento necesario para tratar la
contaminacion con nitratos o para abordar los problemas de salud relacionados con dichos nitratos.

Otras investigaciones de la Universidad de California se han centrado en la aplicacién correcta de
nitratos en ciertos cultivos. El momento y la aplicacion correcta de fertilizantes, especialmente de
nitrégeno, puede contribuir a que las plantas produzcan mas eficientemente. Numerosos estudios en
cultivos de almendras indican un aumento en los rendimientos como resultado de una correcta
aplicacion de fertilizantes, y que mas del 85 por ciento del nitrégeno aplicado es utilizado durante la
temporada (Saiful, 2012). Estos estudios muestran una pérdida minima de nitrégeno a través del suelo
pasando la zona de las raices y sugieren que, manejando correctamente los nutrientes, los productores
pueden mitigar los efectos de lixiviacion de nutrientes hacia las fuentes de agua subterranea.

A medida que se realizan mas investigaciones sobre el agua subterranea y dichas investigaciones se
hacen publicas, los agricultores/productores encaran varios desafios, que incluyen:

1. Evaluary justificar sus practicas, y encontrar las maneras de mitigar o limitar la contaminacion.
2. Abordar y evaluar estos problemas.

3. Considerar la posibilidad de cambios reglamentarios y la responsabilidad financiera que esto
impondria sobre dichos agricultores/productores.

Prevencion y soluciones

Una manera de ayudar a aliviar la contaminacidn con nitratos en el agua subterranea es eliminar las
aplicaciones innecesarias de nitrégeno. Los agricultores/productores pueden llegar a aplicar un exceso
de fertilizantes nitrogenados a fin de garantizar el desarrollo del cultivo en un esfuerzo por aumentar el
rendimiento. Esto puede causar que un exceso de nitrégeno se lixivie hacia abajo a través de la zona de
las raices, donde se puede acumular en el agua subterrdnea. La investigacién actual conducida por la
Universidad de California ha demostrado que la aplicacién eficiente de fertilizantes a intervalos
correctos permite un maximo crecimiento y rendimiento. Con estas practicas, los fertilizantes son
utilizados en forma mas eficiente durante la estacidn de crecimiento a dosis mas bajas de aplicacion,
que también reducirdn los costos.

Otra solucién fundamental del problema de los nitratos es evitar que el agua se desplace pasando la
zona de las raices como resultado del exceso de riego. El exceso de riego causa la lixiviacion de los
nitratos a través del perfil del suelo pasando la zona de las raices y posiblemente hasta las fuentes de
agua subterrdnea. Para evitar la lixiviacion (lavado) de nutrientes, pueden utilizarse presupuestos y
programas de riego.

EEEEEE————
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Utilizando la evapotraspiracion (ETo — que es la cantidad neta de agua del suelo extraida diariamente
por el cultivo sumada a la evaporacion desde la superficie del suelo) y los coeficientes de cultivos (Kc —
gue es un nimero adimensional entre 0.1 y 1.2 utilizado para predecir el uso de agua por los cultivos)
los productores pueden cuantificar la cantidad de agua de riego durante las diferentes etapas de
crecimiento. Las tasas promedio ETo de toda California se pueden obtener facilmente de multiples
fuentes de Internet, tales como CIMIS http://wwwcimis.water.ca.gov/cimis/data.jsp y Universidad de
California anrcatalog.ucdavis.edu/. Las curvas Kc para cultivos especificos estan disponibles en la
Universidad de California, y pueden utilizarse para predecir la cantidad de agua que necesitara un
cultivo en toda su estacién de crecimiento. La Figura 1 da un ejemplo de la necesidad de agua de un
cultivo de hortalizas durante sus diversas etapas de crecimiento, que se puede correlacionar con el uso
de agua basado en ETo y Kc. Para calcular las necesidades de agua de un cierto cultivo, se puede
multiplicar el Kc por el ETo (Kc x ETo). Utilizando ETo y Kc, los agricultores/productores pueden predecir
la cantidad de agua requerida que pueda minimizar la lixiviacidn y producir un maximo rendimiento.
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Figura 1. Requerimiento de agua por el cultivo durante la estacién de
crecimiento con el propdsito de poder programar los riegos (Allen et al.
1998). Los valores de los coeficientes de cultivo (Kc) varian para cada
tipo de cultivo y etapa de crecimiento.

Si bien el uso de Kc es efectivo, puede no ser posible en algunos casos. Esto es especialmente cierto en
cultivos de especialidades, como los que producen muchos agricultores del Valle de San Joaquin. En
estos casos, el agricultor/productor puede utilizar valores conocidos de Kc para cultivos similares a fin
de generalizar las necesidades de agua para otro cultivo. Por ejemplo, se puede utilizar el Kc de melones
para estimar las necesidades de agua de un cultivo de melones amargos, o el Kc de pimientos para
estimar las necesidades de agua de chiles Thai.

Otro método utilizado para prevenir la lixiviacion (lavado) es el uso de sensores de humedad del suelo
para monitorear el movimiento del agua a través del mismo (Figura 2). Los sensores indicaran la
profundidad del agua y su potencial para trasportar nitratos.
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http://wwwcimis.water.ca.gov/cimis/data.jsp

Figura 2. Monitoreo del desplazamiento del agua y de los nitratos mediante sensores de humedad del suelo.

-
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SECCION Il — FERTIRRIEGO Y QUIMIRRIEGO

Fertirriego y quimirriego es la inyeccidn de fertilizantes y pesticidas, respectivamente, por medio de un
sistema de riego para distribuirlos al cultivo o al campo que se desea tratar.

Hay tres requerimientos principales para que un fertirriego sea eficaz.
A. Un buen equipo de inyeccién — Instale un adecuado equipo de inyeccion y de seguridad.
B. Un buen sistema de riego — Suministre un buen disefio y mantenimiento del sistema de
riego.

C. Un buen manejo del agua y de los fertilizantes — Sepa cuando, por cuanto tiempo, y qué
cantidad de fertilizante inyectar.

A. Buen equipo de inyeccion

Las buenas practicas de fertirriego empiezan con la utilizacidn del equipo apropiado y correctamente
instalado para realizar la tarea. La mayoria de los equipos de inyeccion de los sistemas de riego se
utilizan tanto para fertilizantes como para pesticidas, por lo tanto, la seguridad y correcta instalacion es
de crucial importancia. Hay tres consideraciones principales a tener en cuenta para que los equipos
garanticen seguridad en el fertirriego:

1. Proteger la fuente de agua
2. Instalar un dispositivo de corte automatico
3. Prevenir el reflujo hacia el tanque de suministro de fertilizantes

1. Proteger la fuente de agua instalando dispositivos para prevenir reflujo (Figuras 3 y 4).

En la linea principal, debera instalarse una valvula de retencién provista de una salida aliviadora de
aire/vacio y un drenaje a baja presion. Esto evitara que el fertilizante contamine la fuente de agua. En
caso de interrupcién del suministro de agua, la valvula de retencidn se cerrara para prevenir el reflujo
y/o la succion inversa. Si hubiera una pérdida después de la valvula de retencion, el equipo de seguridad
secundaria sera el respiradero y el drenaje a baja presidn que liberara cualquier pérdida por reflujo a
través de la valvula de retencidn y hacia el recipiente de derrames o drea de drenaje separada de la
fuente o pozo de agua. La Figura 3 muestra lo que puede ocurrir si no hay una valvula de retencién. La
Figura 4 muestra como proteger la fuente de agua. La Figura 5 ilustra los componentes de un sistema de
prevencion de reflujo.

Figura 3. Sin una valvula de retencion, es posible que el fertilizante refluya hacia la fuente de agua (CDPR).
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Figura 4. Proteja la fuente de agua (CDPR).

Figura 5. Componentes de un sistema de prevencién de reflujo. Los componentes estan
identificados con letras y por el codigo de color de la clave (CDPR).
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2. Proveer un cierre automatico del sistema de inyeccion en caso de gue no se
suministre el caudal y/o la presién correcta (Figura 6).

Un interruptor de presién, hidraulico o de caudal conectado a una valvula solenoide normalmente
cerrada debe cerrar la linea de inyeccion en caso de no suministrarse la presién y el caudal disefiados
para el sistema de riego, y también debe haber controles del sistema de bloqueo para apagar la bomba
de inyeccién. Un aspecto crucial para un buen evento de fertirriego es el suministro de un caudal y
presion correctos al sistema de riego. El equipo de apagado del sistema permitira la inyeccion de
fertilizantes Unicamente si se respetan esos parametros. Si no hubiera caudal y presién normal en el
sistema, la valvula solenoide se cerrard y detendra la inyeccidon del fertilizante.

Figura 6. Apagado automatico del sistema de inyeccion — Los componentes sefialados con
un circulo son los responsables del cierre automatico cuando el sistema de riego no
suministra la presién y/o el caudal correcto (CDPR).

 EEE——,

Educacion en Fertirriego para el Valle de San Joaquin 7 © The Center for Irrigation Technology June 2013 v2




3. Prevenir el reflujo desde el sistema de riego hacia la fuente de fertilizante (Figuras 7 y 8).

Si la bomba de inyeccidon de fertilizante dejara de funcionar, el agua presurizada del sistema de riego
podria revertir el flujo a través de la linea de inyeccién causando un posible derrame de fertilizante. Una
valvula de retencién en la linea de inyeccidn (X) evitara el flujo inverso desde el sistema de riego hacia el
recipiente o depdsito de fertilizante.

Figura 7. Si no estuviera la valvula de retencién azul en la linea de inyeccion (X) desde el tanque de
suministro de fertilizante, el apagado de la bomba de inyeccidn podria producir el flujo inverso desde
el sistema presurizado de riego y hacer rebalsar el tanque de suministro de fertilizantes (CDPR).

Figura 8. Prevencion del reflujo hacia el suministro de agua — la valvula de
retencion azul de la linea de inyeccion (H) estd para prevenir el reflujo (CDPR).
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B. Buen desempeiio del sistema de riego

Todo sistema presurizado de riego por goteo o aspersidon debe haber sido disefiado e instalado con el
propésito de lograr una buena uniformidad de distribucién (DU, por sus siglas en inglés). La DU es una
medida de la uniformidad del suministro de agua al area que se desea regar. Para lograr una buena DU y
permitir un evento bien ejecutado de fertirriego es necesario que el requerimiento de caudal y presion
de la bomba sea igual al caudal y presion de disefio del sistema de riego. La colocacién uniforme del
fertilizante en la zona de las raices en todo el campo es esencial para lograr un fertirriego eficaz.

Se llevan a cabo auditorias o controles de campo para recolectar datos del sitio que permitan
determinar la uniformidad y eficacia de la distribuciéon. Los controles pueden realizarse en todo tipo de
sistemas de riego y en una variedad de cultivos, como asi también en céspedes deportivos. La Figura 9
muestra los controles en céspedes deportivos y en sitios agricolas.

Figure 9. Observar los recipientes recolectores colocados para realizar controles de campo, a fin de
determinar la uniformidad y eficacia de la distribucion. A la izquierda se muestra el control realizado en
un campo de golf (www.humanability.biz_wp-content_uploads_2011_02_distributionuniformity-
test.png_files); a la derecha se muestra el control efectuado en un huerto de almendros (Laboratorio
Movil del Distrito de Conservaciéon de Recursos del Condado de Tehama).

La mayoria de los controles de los sistemas de riego utilizan la uniformidad de distribucién del Cuartil
Inferior. Basicamente, se trata de una medida de la DU promedio del 25 por ciento mas bajo de las
lecturas de los recipientes recolectores dividido por el DU promedio general del control de la muestra de
todo el sistema de riego.

DUIq = Minimo I_’romedlo X 100
Promedio Total

Donde:
DUIq = Uniformidad de Distribucién del Cuartil Inferior
Minimo Promedio = Promedio del 25% mas bajo de la muestra
Promedio Total = Promedio de toda la muestra
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Por ejemplo, en la Figura 10, se representa graficamente una DUIq de 80 por ciento. Se considera
ochenta por ciento como DUIq promedio para un sistema de riego por goteo. Los nuevos disefios de
sistemas de goteo deberian ser del 90 por ciento o mas. Esto permite una aplicacién mas uniforme y una
mayor capacidad de control del evento de fertirriego. Muchos de los sistemas de riego mas antiguos
tienen DU’s menores de 80 por ciento. Las razones para esto podrian ser:

e mal mantenimiento

e pérdidas

e taponamiento de emisores

e bomba que no suministre el caudal y la presion correctos

e valvulas de presiéon no calibradas correctamente

e diferencias de elevacién del sistema

® otros aspectos que cambien la uniformidad del sistema de riego.

Figura 10. Ejemplo de 80 por ciento de uniformidad de distribucion (DU, por sus siglas en inglés)

El grafico de la Figura 10 muestra que para aplicar la cantidad minima de agua y fertilizante en el Cuartil
Inferior (barra azul del Cuartil Inferior) del campo a regar, se aplicaria aproximadamente el 160 por
ciento de la cantidad minima de agua en el Cuartil Superior (barra verde del Cuartil Superior) con el 22y
3er. Cuartil en el medio. Esto ilustra la importancia de la uniformidad de distribucion para lograr un
evento correcto de fertirriego. Si usted aplica agua y fertilizante sobre el supuesto de que el campo esta
logrando una DU del 100 por ciento, usted estara aplicando menos en el Cuartil Inferior. Eso podria
causar aplicaciones inadecuadas de fertilizante que provocarian una caida de la produccién o de la
calidad. Si usted suministra el 100 por ciento al Cuartil Inferior, podria estar aplicando demasiado
fertilizante en el Cuartil Superior o en otras zonas y lavando posiblemente el fertilizante pasando la zona
radicular y hacia el acuifero subterrdneo. Reiteramos, es importante conocer el volumen total de agua y
fertilizante necesarios, y la duracion correcta del evento de fertirriego para lograr esa meta.
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Las Figuras 11-13 muestran la uniformidad de distribucién y como puede impactar el fertirriego.

Figura 11. Una mala DU con aplicacidn despareja de agua y fertilizante.

La Figura 11 muestra una mala uniformidad de distribucién. Como consecuencia, el fertilizante se ha
lixiviado (lavado) pasando la zona radicular efectiva en algunas areas y no ha logrado la suficiente
penetracidn profunda en otras.

Figura 12. Buena DU, pero mal manejo del evento de riego y fertirriego.

La Figura 12 ilustra una buena DU pero una duracién excesiva del riego que puede en potencia lixiviar
(lavar) el fertilizante fuera de la zona de las raices. Si bien el agua de riego y el fertilizante estan
aplicados uniformemente, el mal manejo del evento ha comprometido la eficacia del mismo.
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Figura 13. Buena DU y correcta ejecucién del evento de riego y fertirriego

La Figura 13 muestra una buena DU y una correcta ejecucion del evento de fertirriego, incluyendo la
duracidn del mismo y la colocacion del fertilizante. Este es un buen ejemplo de lo que estamos tratando
de lograr para que la planta realice una maxima absorcidn de los nutrientes aplicados. Eventos
adicionales de riego podrian llevar al fertilizante por debajo de la zona radicular si no hubiera suficiente
tiempo para que la planta absorbiera los nutrientes (como se ilustra en la Figura 12). Reiteramos, la
correcta planificacidn del evento de fertirriego tendria que tener en cuenta también las futuras
aplicaciones de agua de riego.

C. Buen manejo del agua y de los fertilizantes

La Seccion 3 de este tutorial trata sobre la planificacidn y ejecucion de un buen Plan de Manejo de
Nutrientes (NMP, por sus siglas en inglés) a fin de lograr resultados satisfactorios con aplicaciones de
fertilizantes que conduzcan a un aumento en la produccion de cultivos, correcta eficacia de fertirriego, y
proteccion de los recursos de agua en California que estan documentados como contaminados con
aplicaciones de fertilizantes, particularmente nitratos.

SECCION 11l - PLAN DE MANEJO DE NUTRIENTES (NMP, POR SUS
SIGLAS EN INGLES)

El propdsito del Plan de Manejo de Nutrientes (NMP) es servir como plan operativo para aplicar
fertilizantes en una finca agricola. Se recomienda desarrollar un NMP como guia para monitoreary
cuantificar los aportes y egresos de fertilizantes y garantizar que estas practicas protejan la calidad del
suelo y del agua.

Antes de establecer un NMP, los agricultores/productores deberian consultar con los especialistas de
extension agricola de los condados, con consultores matriculados en cultivos/suelos o con los
conservacionistas de suelo de los distritos.

El NMP debera incluir un presupuesto de nutrientes con dosis planificadas de aplicacidon de nutrientes
para cada cultivo y tomando en consideracion todas las fuentes de nutrientes, las condiciones
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climaticas, el programa de riego y las aplicaciones, garantizando al mismo tiempo que estas dosis no
excedan la necesidad total de nitrogeno del cultivo.

Recomendamos una simple ayuda de memoria que puede ser...Conozca Su Suelo, Conozca Su Cultivo,
Conozca Su Agua y Conozca Su Fertilizante.

A. Conozca su suelo

1.

Obtenga muestras de suelo de las areas representativas para determinar la capacidad de
nutrientes del suelo en etapa de pre-siembra. El Nitrégeno Disponible para la Planta (PAN,
por sus siglas en inglés) jes su fertilizante nitrogenado gratis! (Tabla 1).

Aprenda a determinar la textura del suelo por el método del tacto (ver Figura 14).

Realice una prueba rapida de nitrégeno (N) en el suelo. Siga este enlace http://vric.ucdavis.edu/
y busque ‘prueba rdpida de nitrégeno’ para obtener instrucciones detalladas de cdmo realizar
esto.

Conozca el movimiento del agua en las diversas texturas de suelo (ver Figura 15).

Determine la manera en que el pH del suelo influye sobre la disponibilidad de los nutrientes.
Siga este enlace http://vric.ucdavis.edu/ y busque ‘pH del suelo’ para obtener informacién sobre
como modificar el pH del suelo mediante la aplicacién de enmiendas (ver Figura 16).

Sepa cémo interpretar los resultados de un andlisis de suelo (analisis quimico) obtenido de un
laboratorio analitico matriculado. Siga este enlace http://www.nal.usda.gov/understand-soil-
testing-results para obtener una explicacidn sobre un analisis de suelo.

TABLA 1. Estimado de nitrégeno disponible para la planta (PAN) en muestras de suelos en pre-

siembra obtenidas antes de la aplicacién de nitrégeno

Identificacion | Profundidad N-NO; PAN® Aplicaciéon netade N b
del campo (pulgadas) (mg/Kg) (Ibs N/acre) (ejemplo, berenjena 150
IbsN/acre) ©
Norte 0-12 10 40
12-24 7 28
TOTAL 68 150-68 = 82°
Sur 0-12 16 64
12-24 9 36
TOTAL 100 150-100 =50

®El Nitrégeno Disponible Para la Planta (PAN, por sus siglas en inglés) en libras de nitrégeno por unidad de
acre (lbs N/acre) se estima multiplicando el nitrégeno-nitrato del suelo (ppm) por 4 para muestras de
suelo obtenidas a 0-12” de profundidad o por 2 para muestras de suelo obtenidas a 0-6”de profundidad.

bAplicaciones recomendadas de nitrégeno (N) en estos sitios.
¢ Consultando una adecuada fuente de referencia, ejemplo, Western Fertilizer Handbook.

Valores estimados. Los sitios irrigados con agua enriquecida en nitrato necesitardn una menor aplicacion
de fertilizantes nitrogenados.

e
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Colocar una cucharada bien colmada de suelo
en la palma de la mano. Ir agregando agua
de a gotas y amasar el suelo hasta deshacer

todos los agregados. El suelo adquirira la Agregar suelo seco
consistencia correcta cuando sea maleable, para absorber
con consistencia de masilla hiimeda. el agua.

L

¢ Queda el suelo como
una bola al presionarlo?

;Queda
el suelo No
demasiado
seco?

L5

Colocar la bola de suelo entre el dedo pulgar e indice e ir
empujando suavemente con el pulgar hacia arriba hasta
formar una cinta. Se debera formar una cinta de espesor

y ancho uniforme. Dejar que la cinta salga y se extienda
sobre el dedo indice hasta que se parta por su propio peso.

L\/J Y

¢Forma el suelo una cinta?

el suelo
demasiado
himedo?

ARENOSO

¢ Forma el suelo una
cinta débil de menos de No
1 pulgada de longitud
antes de partirse?

¢ Forma el suelo una cinta
resistente de 2 pulgas

0 mas de longitud antes
de partirse?

N
Mojar en exceso una pequefia pizca de suelo en la palma de la mano y
frotar con el dedo indice.

" U v e

¢ Forma el suelo una

cinta medianade 1 a

2 pulgadas de longitud
antes de partirse?

¢Es el suelo ¢Es el suelo ¢Es el suelo
muy aspero muy aspero muy aspero
y abrasivo y abrasivo y abrasivo
al tacto? al tacto? al tacto?
Si
No
¢Es el suelo ¢Es el suelo ¢Es el suelo
muy suave muy suave muy suave
al tacto? al tacto? al tacto?
FRANCO ARCILLO

LIMOSO LIMOSO

No predomina ni
lo abrasivo ni lo
suave al tacto.

No predomina ni
lo abrasivo ni lo
suave al tacto.

No predomina ni
lo abrasivo ni lo
suave al tacto.

Figura 14. Cédmo determinar la textura del suelo mediante el método del tacto (USDA-NRCS).
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Figura 15. Movimiento comparativo del agua en suelos arenosos y arcillosos. En los suelos
arenosos el agua se desplaza hacia abajo rapidamente debido a la fuerza de la gravedad. En los
suelos arcillosos el agua se mueve lentamente en todas las direcciones, por capilaridad (Whiting
etal., 2010).

Figura 16. Disponibilidad de nutrientes para las plantas segun el rango de pH del suelo de

4.0 a 10.0; el tamafio del area de cada elemento representa la cantidad en que el elemento esta
presente en la solucién del suelo a varios niveles de pH del suelo.
(http://www.extension.org/pages/13064/soil-ph-modification).

EEEE——,
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B. Conozca su cultivo
1. Determine las necesidades de nutrientes del cultivo para una estacién completa de crecimiento.

2. Conozca la fisiologia del cultivo, o sea, etapa de crecimiento, profundidad de la formacién de
raices, etc.

3. Determine el nivel de nutrientes en el cultivo durante la estacion de crecimiento analizando
muestras de tejido vegetal, a fin de mantener cultivos productivos que alcancen rendimientos
Optimos.

4. Estime la extraccidén de nutrientes por el cultivo a partir de partes de la planta cosechada al

finalizar la estacion de crecimiento. Ver la planilla desarrollada por USDA-NRCS para el calculo
en un cultivo especifico siguiendo el siguiente enlace http://plants.usda.gov/npk/main.

5. Desarrolle el balance de nitrédgeno para todo el establecimiento agricola (Tabla 2) a fin de

reducir el riesgo de sobre-utilizacion de fertilizantes, mejorar la eficiencia de uso de los
fertilizantes, y mantener rendimientos éptimos.

Tabla 2. Balance de Nitrégeno para Todo el Establecimiento Agricola®

Nitrdgeno Nitrdgeno Nitrégeno Nitrégeno por Riego Nitrégeno
Total Total Importado Nitrégeno Total Balance de
Nombre del | Almacenado | Exportado (ejemplo, Atmosférico | Extraido Nitrégeno del
Campo (PAN) (ejemplo, | pre-siembra) | Fertirriego | Estiércol enel VSJ por los Campo®
lixiviado, Cultivos®
desnitrifica-
do)
Berenjenas
82 0 50 50 10 lbs/ 4 |bs/acre- 175 1.1
(norte) . o
Ibs/acre Ibs/acre Ibs/acre acre-pie afio Ibs/acre
Berenjenas
(sur) 50 0 50 100 10 4 |bs/acre- 175 1.2
Ibs/acre Ibs/acre Ibs/acre Ibs/acre- afo Ibs/acre
pie

® El Balance de Nitrégeno para Todo el Establecimiento Agricola se determina como la relacién (nitrégeno total almacenado — nitrégeno
total exportado + nitrégeno importado + nitrégeno por riego + nitrdgeno atmosférico) / (nitrégeno total extraido por los cultivos).

®se puede obtener el valor multiplicando el rendimiento total del cultivo por el contenido de nitrégeno en tejido vegetal de un cultivo
en particular, ver Western Fertilizer Handbook.

¢ Un valor mayor a 1.0 indicaria un exceso tedrico de nutriente. En la practica, los valores entre 1.0 y 1.5 se consideran aceptables.

e
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C. Conozca su agua

1.

2.

Determine el nivel de salinidad y potencial aporte de nutrientes de sus fuentes de agua de riego
(iése es también su fertilizante gratis!).

Conozca la tolerancia de los cultivos a la salinidad del suelo y del agua. Siga este enlace
http://vric.ucdavis.edu/ y busque ‘salinidad de suelo’ para obtener informacion sobre los
impactos que el nivel de salinidad tiene en el rendimiento del cultivo.

D. Conozca su fertilizante

1.

Vea la Figura 17 para conocer los tipos y fuentes comunes de fertilizantes. La siguiente
Precaucidn y Clave aplican a la figura 17

Precaucidn: esta tabla contiene informacion basada en opiniones de gente de la industria de
fertilizantes liquidos. Esta informacién ha sido compilada Unicamente para servir como guia
general. Ni la Fluid Fertilizer Foundation ni los que han contribuido garantizan la exactitud de la
informacidn. Favor remitirse a la informacidon de los fabricantes/proveedores sobre los
productos y realizar también una pequefia prueba de compatibilidad en un pequefio jarro antes
del mezclado final.

Clave de Color:

Verde - ‘Compatible’, produce una mezcla generalmente aceptable.

Amarillo - ‘Compatibilidad Limitada’, generalmente compatible dentro de los limites de solubilidad.
Azul - ‘Compatibilidad Muy Limitada’, mezclas generalmente inadecuadas.

Rojo - ‘Incompatible’, mezclas inadecuadas y/o combinaciones peligrosas

Blanco - Se genera una importante cantidad de calor.

Determine el/ los tipo/s correcto/s de fertilizantes.

Calcule las necesidades del total de aplicaciones de fertilizante en pre-siembra y/o en media-
estacién (aplicaciones divididas).

Consulte con un representante técnico de ventas para obtener las hojas de datos de seguridad
de materiales (MSDS, por sus siglas en inglés) e informacidn sobre la quimica y solubilidad de los
fertilizantes y potenciales interacciones con otros fertilizantes y pesticidas.

e
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Figura 17. Tipos y fuentes de fertilizantes quimicos (http://www.fluidfertilizer.com/).

-
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SECCION IV — MEJORE LA EFICIENCIA DE USO DE FERTILIZANTES

Desde una perspectiva econémica, es importante maximizar la absorcidn del fertilizante por el cultivo.
Es igualmente importante que el agricultor/productor minimice la pérdida de fertilizante hacia el medio
ambiente y realice Buenas Practicas Agricolas (GAP, por sus siglas en inglés) a fin de cumplir con los
requisitos del Estado de California.

Claves para mejorar la eficiencia de uso de fertilizantes

1. Desarrolle un plan de manejo de nutrientes (NMP).

2. Lleve registros exactos sobre la historia de los campos, rendimiento de los cultivos y areas
problematicas.

3. Conserve la calidad general del suelo, o sea, agregando materia orgénica, (compost/estiércol),
rotacion de cultivos, etc.

4. Siga el concepto de los 4 Aspectos Correctos para el Manejo de Nutrientes (Figura 18):

e Fuente Correcta (Right Source) (forma del fertilizante, objetivo —aplicacién al
suelo/foliar).

e Dosis Correcta (Right Rate) (requerimiento de nutrientes por el cultivo —aplicaciones
divididas para maximizar la absorcién de nutrientes).

e Lugar Correcto (Right Place) (patrdn de raices del cultivo, movimiento del agua en la
zona radicular).

e Momento Correcto (Right Time) (patrén de absorcion de nutrientes por el cultivo,
medio ambiente del suelo).

Figura 18. El Concepto de los 4 Aspectos Correctos para el Manejo de Nutrientes define la
fuente, dosis, momento y lugar correctos para la aplicacién de fertilizantes que produzcan
los resultados econdmicos, sociales, y ambientales esperados por todos los involucrados en
el ecosistema vegetal (Bruulsema et al., 2009).

 EEE——,
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SIGLAS Y DEFINICIONES

AF acre-pie (1 AP/acre = 1 pie de profundidad de agua) = 325.853 galones
AF/yr acre-pie/afio

AC acres

CDFA Departamento de Alimentos y Agricultura de California

chemigation  quimirriego - inyeccién de pesticidas por medio de un sistema de riego para su entrega

al cultivo o campo que se desea tratar.

ub Uniformidad de distribucién

fertigation fertirriego - inyeccidn de fertilizantes por medio de un sistema de riego para su entrega
al cultivo o campo que se desea tratar.

FREP Programa de Investigacion y Educacién en Fertilizantes

MSDS Hoja de datos de seguridad de materiales

NMP Plan de manejo de nutrientes

SIV Valle de San Joaquin

RECURSOS EDUCATIVOS ONLINE

California Department of Food and Agriculture (CDFA) — http://www.cdfa.ca.gov/

California Department of Pesticide Regulation (CDPR) — http://www.cdpr.ca.gov/

California Natural Resource Conservation Services — http://www.ca.nrcs.usda.gov/

Center for Watershed Sciences — http://watershed.ucdavis.edu/

Center for Irrigation Technology — www.californiawater.org

CIMIS (CA Irrigation Mgmt Information System) — http://wwwcimis.water.ca.gov/cimis/welcome.jsp

Fertilizer Research and Education Program (FREP) — http://www.cdfa.ca.gov/is/ffldrs/frep/index.html

Fluid Fertilizer Foundation — http://www.fluidfertilizer.com

Plant Nutrients — http://www.ncagr.gov/cyber/kidswrld/plant/nutrient.htm

Role of Nitrogen in Plants — http://www.house-garden.us/articles/the-role-of-nitrogen-in-plants/

UC Vegetable Research and Information Center — http://vric.ucdavis.edu/

Understand Soil Test Results — http://www.nal.usda.gov/understand-soil-testing-results

USDA — http://www.usda.gov/wps/portal/usda/usdahome

Wateright -www.wateright.org

 EEE——,
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APPENDIX B

Fertigation Education for the San Joaquin Valley Workshop
1) Promotional Flyers — November 1 and November 7, 2013 events
2) Agendas — November 1 and November 7, 2013 events
3) PowerPoint Presentation — English and Spanish
4) Evaluation Form

5) Six-month Follow-up Survey

Additional materials are available online at www.californiawater.org/irrigationtech



http://www.californiawater.org/irrigationtech

Free Irrigation Workshop

Fertigation on a Production Farm

WHEN: Friday, November 1, 2013

WHERE: Simon Sihota Farm
8577 E Floral Avenue
Selma, California

TIME:  9:00 AM —12:00 PM
A FREE lunch is included for all attendees!

WORKSHOP FEATURES:
WHO: Farmers, growers, irrigation managers, field e Presentation and discussion of how to apply fertilizer through an
personnel, engineers, designers irrigation system.
e Live demonstration of fertigation equipment and application methods.
RSVP:  Space is limited — please RSVP e Determining how much water to apply to maximize nutrient uptake.

Online http://www.cvent.com/d/q4qjby/4W
to (800) 845-6038
or eltorres@csufresno.edu

e Focus primarily on almonds and raisins.

e South Asian interpreters will be available.

This workshop was funded by a grant from the California Department of Food and Agriculture’s Fertilizer Research and
Education Program (FREP).

Q U A L I F I E S F o R 3 CE U S F 0 R CE R TI F I E D CRO P A D VI S 0 R S "PG&E" refers to Pacific Gas and Electric Company, a subsidiary of PG&E Corporation. ©2013 Pacific Gas and Electric

Company. All rights reserved. These offerings are funded by California utility c s and administered by PG&E under
the auspices of the California Public Utilities Commission.
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FREE Irrigation Workshop in Bakersfield

Fertigation in the San Joaquin Valley

Spanish translation will be available = Qualifies for 3 CEUs for Certified Crop Advisors

WHEN: Thursday, November 7, 2013

WHERE: Bakersfield Agricultural Pavilion
501 S. Mt. Vernon Avenue
Bakersfield, CA 93307

TIME:  9:00 AM —12:00 PM
A FREE lunch is included for all attendees!

WHO: Farmers, growers, irrigation managers, field
personnel, engineers, designers

RSVP: Space is limited — please RSVP
Online http://www.cvent.com/d/l4qjtq/4W
to (800) 845-6038
or eltorres@csufresno.edu

QUALIFIES FOR 3 CEUS FOR CERTIFIED CROP ADVISORS

WORKSHOP FEATURES:

e Presentation and discussion of how to apply fertilizer through an
irrigation system.

e Live demonstration of fertigation equipment and application methods.

e Determining how much water to apply to maximize nutrient uptake.

This workshop was funded by a grant from the California Department of Food and Agriculture’s Fertilizer Research and
Education Program (FREP).

"PG&E" refers to Pacific Gas and Electric Company, a subsidiary of PG&E Corporation. ©2013 Pacific Gas and Electric
Company. All rights reserved. These offerings are funded by California utility c s and administered by PG&E under
the auspices of the California Public Utilities Commission.
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Irrigation Tech Seminar Series

Fertigation on a Production Farm

8:30-9:00 am

9:00-9:10 am

9:10-10:00 am

10:00-10:30 am

10:30-10:45 am

10:45-12:00 pm

Focus on almonds and raisins

November 1, 2013 ® Selma, California

Registration
Introduction

Fertilizer Effects on Drinking Water
Kaomine Vang, Center for Irrigation Technology

Nutrient Management Plan
Kaomine Vang, Center for Irrigation Technology

Break

Fertigation Demonstration
Bill Green, Center for Irrigation Technology

Pacific Gas and
. Electric Company

The Center for Irrigation Technology (CIT) located at Fresno State coordinates the Irrigation Tech Seminar Series.
These seminars match leading experts with timely topics facing California farmers. For more information about
upcoming events, visit www.californiawater.org or call 559.278.2066.

Irrigation Tech 5370 N Chestnut Ave M/S OF18

Fresno, CA 93740
Phone: 559.298.2066

Se m i nar Se ri es www.californiawater.org


http://www.californiawater.org/

Irrigation Tech Seminar Series

Fertigation in the San Joaquin Valley

How to apply water through an irrigation system
November 7, 2013 ® Bakersfield, California

8:30-9:00 am Registracion
9:00-9:10 am Introduccion
9:10-10:00 am Efectos del fertirriego en la calidad del agua potable

Kaomine Vang, Center for Irrigation Technology

10:00-10:30 am Plan de manejo de nutrientes
Kaomine Vang, Center for Irrigation Technology

10:30-10:45 am Receso

10:45-12:00 pm Fertirriego y quimirriego
Bill Green, Center for Irrigation Technology

Pacific Gas and
, Electric Company

The Center for Irrigation Technology (CIT) located at Fresno State coordinates the Irrigation Tech Seminar Series.
These seminars match leading experts with timely topics facing California farmers. For more information about
upcoming events, visit www.californiawater.org or call 559.278.2066.

H H 5370 N Chestnut Ave M/S OF18
Irrlgatlon TeCh Fresno, CA 93740

. . Phone: 559.298.2066
Se minar Se ries www.californiawater.org
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IRRIGATION TECH SEMINAR SERIES

Fertigation Education
For The San Joaquin Valley

29/01/2014

IRRIGATION TECH SEMINAR SERIES

Brought to you by:

IRRIGATION TECH SEMINAR SERIES

Agenda

8:30-9:00am  Sign in

9:00-9:10 Introduction

9:10-10:00 Fertilizers Effects on Drinking Water —
Kaomine Vang

10:00-10:30  Nutrient Management Plan — Kaomine Vang

10:30-10:45  Break

10:45-12:00  Fertigation Demonstration — Bill Green

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.

IRRIGATION TECH SEMINAR SERIES

Benefits of Using Fertilizers

Soil - lack of nutrients

Increase yield

Increase nutrients in

plants

Increase size of crop

California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center

IRRIGATION TECH SEMINAR SERIES

Effects on Drinking Water

* “Addressing Nitrates in California’s Drinking
Water” by UC Davis (2009)

* Major Public Concern about nitrate movement to
ground water

* Collection of data from different agencies
throughout the valley

* Nitrate issues is not new —
— Researched for over 30 years

California. iversity, Fresno — Cer igas enter

IRRIGATION TECH SEMINAR SERIES

Figure ES-2. Overview of
cropland input and output (Gg
Niyr) in the study area (Tulare
Lake Basin and Salinas Valley) in
2005. The left half of the pie
chart represents total nitrogen
inputs to 1.27 million ha (3.12
million ac) of cropland, not
including alfalfa. The right half of
the pie chart represents total
nitrogen outputs with leaching to
groundwater estimated by
difference between the known
inputs and the known outputs.
Source: Viers et al. 2012.
Estimated groundwater nitrate
loading from major sources
within the Tulare Lake Basin and
Salinas Valley, in Gg nitrogen per
year (1 Gg = 1,100 1).

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center




29/01/2014
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Effects on Drinking Water Effects on Drinking Water

In 2007, 74 % of nitrate contamination violations in CA were in the San

Joaquin Why is it an Issue?
— maximum contaminant level (MCL) violations e Small ¢ e
ommunities
* The legal limit or Maximum Contaminant Level (MCL) for nitrate-nitrogen
in drinking water, 10 milligrams per liter (equivalent to 45 mg/L, nitrate as . Cant afford to treat their water pro erl
NO3 ion), is based on protection of infants from methemoglobinemia, or prop Y-
“blue baby syndrome.” .
* UC Berkley Study found that 15% of residence served by inadequate water Health Issues

treatment systems

— Gastrointestinal problems
— “Social Disparities in Nitrate-Contaminated Drinking Water in

California’s San Joaquin Valley” by Carolina Balazs, Rachel Morello-

— Methemoglobinemia
Frosch, Alan Hubbard, and Isha Ray

— Blue baby syndrome

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Effects on Drinking Water Effects on Drinking Water

* 250,000 residents in the San Joaquin Valley are Why is this happening the S) Valley?

affected by nitrates in drinking water. > Central Valley = sandy soils = Nitrate movement to water
* 95% of the San Joaquin Valley’s residence are

» Central Valley Regional Water Quality Control Board
on well water.

regulations on nitrogen movement to groundwater
* | in 10 wells effected

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.

IRRIGATION TECH SEMINAR SERIES IRRIGATION TECH SEMINAR SERIES

Effects on Drinking Water

* As more groundwater research is conducted and
becoming public, farmers/growers are facing several
challenges.

— Justifying their practices and finding ways to mitigate or
limit contamination.

— How to address and assess these issues.

— How to handle the possibility of regulatory change and
the financial responsibility this will place on
farmers/growers.

California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Prevention and Solutions

* In general, over apply N to ensure crop growth
and increase yield

* The excess N can be leached down into the
groundwater

* Manage irrigation and N application

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center

IRRIGATION TECH SEMINAR SERIES

Prevention and Solutions

* Nutrient and irrigation management is a crucial key to
utilize fertilizer effectively on farmlands. Growers may
seek consultation from a specialist such as university
or extension specialists, or certified crop advisors,
agronomists, or soil scientists to properly manage
their fertilizer program to maintain farm economic
feasibility and minimize fertilizer loss.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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Prevention and Solutions

» Current research being conducted by the
University of California has identified efficient
application of fertilizers at proper intervals allows
for maximum growth and yield.

* With these practices, fertilizers are used more
efficiently during the growing season with lower
application rates that also reduces the cost.

California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center
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Prevention and Solutions

* Numerous studies on almonds indicate an increase in yield
production with the proper application of fertilizers with
upwards of 80 percent of the applied nitrogen being used
during the season (Brown, Patrick 2012).

* These studies have found a small loss of nitrogen moving
past the root zone — suggesting that with proper nutrient
management, growers can mitigate the effects of nutrients
leaching into groundwater sources

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Prevention and Solutions

* Another essential solution to the nitrate issue is to
prevent water from moving beyond the root zone as a
result of over irrigating.

* Over irrigation causes leaching of nitrates past the
root zone and possibly into groundwater sources. To
avoid leaching of nutrients, water budgets and
irrigation scheduling can be used.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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Prevention and Solutions
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California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Prevention and Solutions

®s5oN~0o0xD

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Prevention and Solutions

* By using the evapotranspiration (ETo) and crop
coefficients (Kc) growers can quantify how much to
irrigate during different growth stages. An average
ETo throughout California are readily available online
from multiple sources, i.e.,

— http://wwwcimis.water.ca.gov/cimis/data.jsp
— anrcatalog.ucdavis.edu/
— www.wateright.org

California State University, Fresno — Center for Irigation Technology — AgWaterEnergy Center
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Crop evapotranspiration
(ETc)=ETo*Kc

- Reference evapotranspiration (ETo)

CIMIS
""hu-r-n_-_ll-’;{';}-hm' P weather
: FAO, 1999 .

e initial -+ erop development - Md-sesIcn —e lale SeasEn
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Prevention and Solutions

* Permanent Crop (Tree Crop)
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California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Prevention and Solutions

* Soil Moisture Sensors

— Another method to prevent leaching is using soil
moisture sensors to monitor water movement
through the soil. The sensors will show depth of of
water that carries the nitrates.

California. iversity, Fresno — Cer igas

IRRIGATION TECH SEMINAR SERIES

Prevention and Solutions

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Prevention and Solutions What we need to do?

* Good N Management
— Right Rate at the right time.

— Account for all sources of nitrogen (water, soil,

etc.)
" — Good Uniformity
21t .
3ft — Good scheduling
4t

+ 30 years to see change

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Tools Questions?

* Irrigation Scheduling * Next we’ll cover NMP
— Save water, energy, fertilizer
* Nutrient Guidelines

— www.cdfa.ca.govl/is/frep

* It would take 30 years to see any effect if we
stopped using fertilizers today.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.

California. iversity, Fresno — Cer
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Preventions and Solutions Nutrient Management Plans (NMP)
* Water Boards What is a NMP?
— Nutrient Management Plans « Strategy to get most out of fertilizers
* Dairies * Requirements
* Irrigated Agriculture — Soil Test
— Assessment of On Farm Nutrient Resources
— USDA form 590
i StteUniversty, Fresn — Care oo T ~Ag Sy Coner

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Nutrient Management Plan (NMP)

* Why do you need NMP?
— Operational plan for applying fertilizer on a farm

— A guide to monitoring and quantifying fertilizers
inputs & outputs

— Maximize fertilizer use efficiency (FUE) by crops
— Save $$$
— Protecting groundwater & (soil) quality

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Nutrient Management Plan (NMP)

* Nutrient Budget
* A simple checklist as...
I. Know Your Soil
2. Know Your Crop
3. Know Your Water
4. Know Your Fertilizer

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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Know Your Soil

¢ Collect soil samples

— Must represent areas of interest: root depth

— Certified analytical lab: Certified Crop Adviser (CCA)

— Free fertilizer = Plant Available Nitrogen (PAN)

— Table I.
* PAN from Nitrate at 10 + 7 ppm (12” + 24” depth)
40 + 28 = 68 Ibs N/acre
* Recommended N application for Eggplant = 150 Ibs

N/acre

* Then, only 150 — 68 = 82 Ibs N/acre to be applied!

California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center
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Know Your Soil

¢ Soil Texture

— By the feel method

— By submitting
samples for
analytical lab test
(size particles)

* Sand-Silt-Clay

e UC Davis Video

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Know Your Soil

Water movement on
various soil textures -

— In sandy soils, water
readily moves downward
due to the force of
gravity.

— In clayey soils, water
slowly moves out in all
direction by capillary
action.

California. iversity, Fresno — Cer igas enter
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Know Your Soil: Soil pH

* Soil pH
* Soil N Quick
Test

¢ Soil Test
Result

-

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Know Your Crop

* Crop nutrient requirement

— Entire growing season

— Splitting application to improve FUE
* Crop physiology

— Growth stage

— Rooting depth

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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N (100-200 Ibs N/Acre)
Crop N Uptake

Side-dress N

Time (days)

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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Know Your Crop

* Determine crop nutrient status: Leaf tissue
— Vegetables: leaf-stage
— Fruit trees: early vs. late season
* Estimate crop nutrient removal
* Develop a whole farm N balance
— to reduce the risk of overusing fertilizer,
— to improve fertilizer use efficiency, AND
— to sustain optimal yield

California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center
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* Patrick Brown
+ UC DAVIS

+  Fig. I. Nutrient
accumulation by
1000Ibs kernel yield
from N rate
treatments in 2010.
Each point represents
mean and std error.

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Know Your Crop

Whole Farm Nitrogen Balance®
TotalN [N Irrigation Nitrogen
Total N | Exported |Import
! in ed . Total N "
Field n e.g £ Atm N in Field N
N Storage hin Fert Manure SV Removed Balance*
ame leaching, | (e.g. - = by Crops®
PAN denitrifie | preplan
d [0
Grapes | g, 50 10
(north) Ibs/ac 0 Ibs/ac | 50 Ibs/ac | Ibs/acft | 4 Ibs/acyr | 175 Ibs/ac 1.1
Grapes | g5 50 10
(south) Ibs/ac 0 Ibs/ac | 100 Ibs/ac | Ibs/acft | 4 Ibs/acyr | 175 Ibs/ac 1.2
«+  the ratio of (total nitrogen in storage — total nitrogen exp + nitrogen imp +irrigati

nitrogen + atmospheric nitrogen)/ (total nitrogen removed by crops)
« Anvalue larger than 1.0 would indicate a theoretical excess of the nutrient. In practice, values between 1.0 and 1.5
are considered acceptable
California State University, Fresno — Center for rrigaton Technology — AgWaterEnergy Center
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Know Your Water

* Test irrigation water

* Free fertilizer (nitrate)

* Salinity level (crop
tolerance), potential
yield reduction

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Know Your Fertilizer

* Common fertilizer types and sources

» Determine proper type, method of appli. ,
etc

¢ Calculate the need

* Seek technical consultations
— Certified Crop Adviser (CCA)
— Tech. sale rep. to obtain MSDS

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Keys to Improve Fertilizer Use Efficiency

. Develop NMP

2. Keep a good record

3. Maintain overall soil quality

4. Follow the 4R Nutrient Stewardship Concept

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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4R Nutrient Stewardship Concept

I. Right Source: form/type
(soil/foliar appli.)

2. Right Rate: crop nutrient
requirement—split appli.

3. Right Place: root pattern,
water movement

4. Right Time: crop
physiology, soil
environment

California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center

29/01/2014
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California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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UC Davis Study

e Dr. Patrick Brown

California. iversity, Fresno — Cer igas enter
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Good Agricultural Practices (GAP)

* Maximize crop fertilizer uptake

* Minimize fertilizer loss to our environment
* Groundwater quality

* Economic feasibility, save $$

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center




IRRIGATION TECH SEMINAR SERIES

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center
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California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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NMP Training Program

» CDFA, CA CCA, UC ANR, Regional
Water Boards
— Ca Certified Crop Advisors
— 2 days
— Central Valley and Salinas Valley
— Start in December 2013

California. iversity, Fresno — Cer igas enter
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Questions?
* |5 min Break

* Fertigation Demonstration — Bill Green

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Fertigation Equipment and Irrigation System
Performance

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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A. Start with Good Fertigation Equipment

|. Protect the Water Source

2. Install an automatic system shutdown
controls

3. Keep pressurized irrigation system water
from backflowing into fertilizer supply

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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|. Protect the Water Source, prevent
backflow

* In the diagram at right,
there is no backflow
prevention. Injected
fertilizer in the irrigation
system discharge line
could backflow into the
water source if the pump
shuts off or breaks.

California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center
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Install a check valve

* This spring loaded check
valve will close
automatically if the
irrigation system mainline
water is interrupted. In
addition, a Low Pressure
Drain and Air/Vacuum
Relief Valve give added
protection to the single
check valve.

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Complete System Diagram

* The diagram at right
shows all safety © (g
equipment installed. A (A)
good injection system
should include backflow (€)
prevention, automated (H) ©)
system shutdown in the ")
event of a pressure or
flow loss. In addition,
shutting down the entire
pump and irrigation
system is possible.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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2. Automatic Shut Down of Injection System

* A pressure switch
connected to a
“Normally closed”
solenoid valve on the
injection line will stop
the injection of fertilizer
if irrigation system
requirements are not
met.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center

10
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3. Prevent Backflow From lIrrigation System to
Fertilizer Supply Tank

* If the fertilizer injection
shuts down for any
reason, water pressure

X - from the irrigation
system could reverse
/ flow direction and
potentially cause a
fertilizer spill.

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Injection Line Check Valve

* An Injection line check
valve will keep reverse
flow from the
pressurized irrigation H)
system from
overflowing the
fertilizer supply tank.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.

Recap for equipment
I. Protect the Water Source
2. Install an automatic system shutdown controls

3. Keep pressurized irrigation system water from
backflowing into fertilizer supply

California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center

29/01/2014
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B. Irrigation System Performance

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Distribution Uniformity (DU)

* Every pressurized irrigation system should be
designed, installed, and maintained with the
goal of achieving good DU

* Good DU gives the system manager the
potential to save water, fertilizer, and energy

* Once good DU is achieved, Irrigation,
Fertigation, and Energy Efficiency can be the
result

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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What are some of the reasons for a low DU

I. Poor design
2. Elevation differences
3. Poor maintenance
-Leaks
-Plugged emitters
-Pressure Valves not calibrated properly
-Pump flow and pressure don’t match system design
-Poor filter maintenance or design

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center

1
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Auditing the irrigation system to determine DUIq

Most Irrigation Systems audits use Distribution
Uniformity of the low quarter DUIq

DUIq = Average Minimum X 100
Average Total

Where:

DUIq = Low Quarter Distribution Uniformity
Average Minimum = Average of lowest 25% of sample
Average Total = Average of total of remaining 75%

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Get the irrigation system audited

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center.
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DUlq example

* The chart at left
illustrates the
importance of DU.
With a Dulq of 80%, in
order to achieve 100%
of the required water in
the Low Qtr, you
would be applying 160%
of the water in the High
Qtr. 80%

California State University, Fresno - Center for Irrigation Technology — AgWaterEnergy Center
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Poor DU, uneven irrigation and fertilizer application

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Good DU, over irrigation, potential leaching of
fertilizer

California. iversity, Fresno — Cer igas enter
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Good DU, good water and fertilizer management

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center

12
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This program was funded by a grant from the California
Department of Food and
Agriculture’s Fertilizer Research and Education Program” (FREP)”

13
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Educacion de Fertirriego para el
Valle de San Joaquin

Traido a usted por el:

IRRIGATION TECH SEMINAR SERIES

Orden del programa

* 8:30-9:00am - Registracion
¢ 9:00-9:10 - Introduccién

e 9:10-10:00 - Efectos del fertirriego en la calidad del agua potable—
Kaomine Vang

¢ 10:00-10:30 - Plan de manejo de nutrientes— Kaomine Vang
¢ 10:30-10:45 - Receso
¢ 10:45-12:00 - Demonstracion de Fertirriego — Bill Green

California iversity, Fresno — C igation Technology — Center
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Beneficios del uso de fertilizantes
* Tierra — falta de nutrientes
* Aumento del rendimiento
* Aumento de nutrientes en las plantas
* Aumento del tamafo del cultivo

California State University, Fresno ~ Center for Irigation Technology ~ AgWaterEnergy Center

29/01/2014
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California State University, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center
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Efectos sobre el agua potable

* “Hablando de nitratos en el agua potable de
California” por la Universidad de California Davis
(2009)

* Mayor preocupacion publica sobre movimento de
nitrato en agua subterranea.

+ Coleccion de datos por diferentes agencias a lo largo
del valle

» Cuestiones de nitrato no son nuevos

— Investigado por mas de 10 afios

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Figura- ES2. Resumen de las
tierras de cultivo de entrada y salida
(Gg Niyr) en el drea de estudio
(Cuenca del lago Tulare y Valle de
Salinas) en 2005. La mitad izquierda
del grifico representa total entradas
de nitrégeno a 1.27 millones
hectireas (3.12 millones ac) de
tierras de cultivo, no incluyendo
alfafa. La mitad derecha del grifico
representa el toal salido de
nitrégeno con lixiviacion a las aguas
subterrineas estimada por diferencia
entre las conocidas entradas y las
salidas. Fuente: Viers et al 2012
Estimado cargamento de nitrato a
las agua subterrinea de fuentes
importantes dentro de la cuenca del
lago Tulare y el valle de Salinas, en
Gg de nitrégeno por aio (1 Gg=
1,000c).

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Efectos sobre el agua potable

En el 2007, el 74 % de las violanciones de la contaminacién de nitrato en
CA fueron en el valle de San Joaquin

.

— Violaciones- nivel maximo de contaminantes (MCL)

* El'limite legal o nivel maximo de contaminante (MCL) de nitrégeno-
nitrico en agua potable, 10 miligramos por litro (equivalente a 45 mg/L,
nitrato como iones NO3), se basa en la proteccion de los infantes de
methahemoglobinemia, o “sindrome azul de bebé”

* Un estudio en la Universidad de California Berkley encontré que el 15%
de residencias fueron servidas por sistemas de tratamiento de agua
inadecuada

— “Desigualdades sociales en el agua potable contaminada con
nitratos en el Valle de San Joaquin, en California” por
Carolina Balazs, Rachel Morello-Frosch, Alan Hubbard y Isha
Ray

California iversity, Fresno - Ce Technology - Center
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Efectos sobre el agua potable

+ 250,000 residentes en el valle de San Joaquin
se ven afectados por los nitratos en el agua
potable.

* 95% de las residencias del valle de San Joaquin
utilizan agua de pozo

* | de 10 pozos son afectados

California iversity, Fresno — C igation Technology — Center
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Efectos sobre el agua potable

California State University, Fresno ~ Center for Irigation Technology ~ AgWaterEnergy Center

Efectos sobre el agua potable
{Por qué es un problema?
* Pequenas comunidades

* Estar fuera de alcance econoémico para tratar
el agua adecuadamente
* Problemas de salud
— Problemas gastrointestinales
— Methemoglobinemia
— Sindrome azul en bebés

California State University, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center
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Efectos sobre el agua potable

{Por qué esta pasando esto en el valle de San
Joaquin?

» Valle central= suelos arenos= movimiento de nitrato al agua

» La Mesa Directiva Regional dee qualidad de agua del valle
central — regula el la circulacion de nitrégeno a las aguas
subterraneas.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Efectos sobre el agua potable

» Atraves que se llevan a cabo mas investigacion de las
aguas subterraneas y los resultados se convierten
publicos, los agricultores/productores se enfrentan a
varios desafios.

— Justificando sus practicas y encontrar maneras de
mitigar o limitar la contaminacion.

— Como tratar y evaluar estas cuestiones.

— Cémo manejar la posiblidad de cambios
normativos y responsabilidad financiera que esto
colocara a los agricultores/productores.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Prevencion y soluciones

* En general, sobre aplicar N para asegurar el
crecimiento del cultivo y aumentar
rendimiento.

* El exceso de N puede ser lixiviado hacia abajo
a las aguas subterraneas.

* Administrar el riego y aplicacion de N.

California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center

IRRIGATION TECH SEMINAR SERIES

Prevencion y soluciones

* Administracion de nutrientes y riego es una clave
fundamental para utilizar fertilizantes eficazmente en
tierras de cultivo. Los productores pueden pedir
consulta de un especialista de la Universidad o
extension, o consejeros de cultivos certificados,
agrénomos o edafdlogos para administrar
adecuadamente su programa de fertilizacion para
mantener la viabilidad econémica de la granja y
minimizar la pérdida de fertilizantes.

California iversity, Fresno — C Technology - Center
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Prevencion y soluciones

* Investigacion actual llevada a cabo por la
Universidad de California ha identificado
eficiente aplicacion de fertilizantes en
intervalos apropiados permite el maximo
crecimiento y rendimiento.

» Con estas practicas, fertilizantes se utilizan
mas eficientemente durante la temporada de
crecimiento con alicacion mas bajas que
también reducen el costo.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Prevencion y soluciones

* Estudios numerosos en almendras indican un
aumento en la produccion de rendimiento con la
correta aplicacion de fertilizantes con mas de 85 por
ciento del nitrégeno aplicado durante la temporada.

* Estos estudios han encontrado una pequena pérdida
de nitrégeno mas alla de la zona de raiz- sugiriendo
que con manejo adecuado de nutrientes, los
productores pueden mitigar los efectos de lixiviacion
de nutrientes en fuentes de agua subterraanea.

California State University, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center
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Prevencion y soluciones

* Otra solucién esencial a la cuestion de nitrato
es evitar que el agua se mueva mas alla de la
zona de raiz como resultado de sobre riego.

* Sobre irrigacion causa la lixivacion de nitratos
mas alla de la zona de raiz y posiblemente a las
fuentes de agua subterranea. Para evitar la
lixivicaion de nutrientes, pueden utilizarse
presupuestos de agua y progamacion de riego.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Prevencion y soluciones
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California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Prevencion y soluciones

California iversity, Fresno - Ce Technology - Center
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Prevencion y soluciones

* Mediante el uso de la evapotranspiracion (ETo) y
coeficientes de cultivo (Kc) cultivadores pueden
cuantificar cuanto regar durante las diferentes etapas
de crecimiento. Un promedio de ETo a lo largo de
California estan disponibles online de mdltiples
fuentes, por ejemplo,

— http://wwwecimis.water.ca.gov/cimis/data.jsp
— anrcatalog.ucdavis.edu/
— www.wateright.org

California iversity, Fresno — C igation Technology — Center
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Evapotranspiracion del cultivo
(ETc)=ETo*Kc

- Referencia de evapotranspiracion (ET
- Coeficiente de cultivo (Kc)

—

KCLI

124

CIMIS
estacion
meteorold

FAO, 1999
== initisl - crop development -— MEd-8880N e lBle SeRSON
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Prevencion y soluciones

* Cultivos permanentes (cultivo de arbol)
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1
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California State University, Fresno — Center for Irrigation Technology ~ AgWaterEnergy Center
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Prevencion y soluciones

¢ Sensores de humedad de suelo

— Orto método para prevenir la lixiviacion es de
utilizar sensores de humedad del suelo para
observar el movimiento del agua a través del
suelo. Los sensores mostraran la profundidad del
agua que lleva los nitratos

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Prevencion y soluciones

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Prevencion y soluciones (Lo que tenemos que hacer?

* Buena administracion de N
— Tasa adecuada en el momento oportuno.
— Cuenta con todas las fuentes de nitrogeno (agua,

suelo, etc.)
1ft . .
2t — Buena uniformidad
31t — Buena programacion
41t
CatforniaSete Universiy, Fesno et e

California State University, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center
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Herramientas {Preguntas?

* Programacion de riego
— WATERIGHT.org

— Ahorre agua, energia, fertilizantes

* Receso

+ Siguiente: Plan de administracién de nutrientes
(NMP)

* Instrucciones de nutrientes

— www.cdfa.ca.govl/is/frep

¢ Administracion de cultivo

— UC Davis
T A e — T~ A A - BT s
. . Plan de administracion de
Prevencion y soluciones .
nutrientes (NMP)
* Mesa directiva de agua
—Planes de administracion de nutrientes « ; Qué es un NMP?
* lecherias — Estrategia para sacar el maximo provecho de los
* Agricultura regada fertilizantes.
— Requisitos

* Prueba de suelo

* Evaluacién de los recursos de nutrientes agricolas

* Forma de USDA 590

California State University, Fresno ~ Center for Irigation Technology ~ AgWaterEnergy Center
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Plan de administracion de

i Sabes suelo
nutrientes (NMP)
* ; Por qué un NMP?

— Plan operativo para la aplicacion de fertilizante en
una granja

e Textura del suelo

— Por el método de
sentir
— Una guia de monitoreo y cuantificacion de

— Mediante el envio
fertilizante insumos y salidas

de muestras a un

— Maximizar la eficiencia (FUE) en el uso de laboratorio
fertilizantes por cultivos analitico
— Ahorra $$$ (Tamafo de las
z . particulas de )
— Proteger las aguas subterraneas y calidad (suelo)

* Arena-limo-arcilla

California iversity, Fresno - Ce

Technology - Center

California State University, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center

IRRIGATION TECH SEMINAR SERIES IRRIGATION TECH SEMINAR SERIES

Plan de administracion de .
nutrientes (NMP) Kaow Your Soil

* Presupuesto de nutrientes
* Una lista tan simple como...

I. Conoser su suelo

2. Conoser su cultivo Movimiento del agua en suelo con diferentes

3. Conoser su agua texturas

4. Conoser su fertilizante — En suelos arenosos, el agua se mueve facilmente

hacia abajo debido a la fuerza de la gravedad.

— En los suelos arcillosos, agua lentamente sale en
toda la direccion por la accién capilar.

California iversity, Fresno — C

igation Technology — Center

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Conoser su suelo Conoce tu seulo: pH del suelo
* Recoger muestras del suelo

=

— Deben representar las areas de interés: profundidad
de la raiz

— Laboratorio analitico certificado: Asesor Certificado
de Cultivo (CCA)

— Fertilizante gratis = Nitrégeno Disponible a la Planta
(PAN) * pH del suelo
— Tabla I. Prueba roida de N |
* PAN de nitrato 10 + 7 ppm (12" + 24" depth) rueba rapida de N en e
40 + 28 = 68 Ibs N/acre suelo

* Aplicacion de N recomienda para berenjena = 150 Ibs

California su«w}versiq, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center
acre

e Resultado de la Rrueba

California State University, Fresno — Center for Irrigation Technology — AfWaterEnergy Center
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Conoser su cosecha

* Requisito de nutientes de su cosecha

— Toda la temporada de crecimiento

— Partiendo la aplicacién para mejorar la FUE
* Fisiologia de los cultivos

— Etapa de crecimiento

— Profundidad de la raiz

California iversity, Fresno - Ce Technology - Center
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N (100-200 Ibs N/Acre)
Absorcién de N del cultivo

Side-dress N

Tiempo (dias)

California iversity, Fresno — C igation Technology — Center
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Conozca su cultivo

¢ Determine los nutrientes de los cultivos:
tejidos de la hoja
— Vegetales: etapa de la hoja

— Arboles frutales: temporada temprana contra
tarde

— Estimacion de eliminacion de nutrientes en los
cultivos

* Desarrollar un equilibrio de N en toda la
granja

— Para reducir el riesgo del uso excesivo de fertilizantes,
California smPIJniversiry, Fresno — Center lir Irrigatigp Technology - AgWaterEnergy Center .

iciencia de u. | fertilizan;
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* Patrick Brown
« UC DAVIS

+ Enel diagramaa la
derecha se ve la
acumulacion de
nutrientes por el
rendimiento del
nucleo 1.000 libras de
los tratamientos de N
tipo en 2010. Cada
punto representa un
error

California State University, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center
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Conozca su cultivo

T e | e | ]
Tour Toal | imporade " .
ey | Ao | Bgomio | g N
e o g Sl IR P
o
Seremes | 2w g lbvacre | S0wace | 10 [ Absaareaio | 75 o T
o) s
sie
Bererers | S0waere g Olovacre | 100 Tosacre | 10 | ATbwaareano | 175 e 5
- osia
o
N el TrSgene el T
osgone
S pude abener o en e vegeal de n ki e pardesr, vr
Whterm Ferutaer Hanook.
Un valor mayr 10 mcars nl ric ersn scepsles
El cociente de (nitrégeno total en iento- total nitrégeno exportado + nitrog:
importado + nitrégeno en el riego + nitrégeno atmosférico) / (itrégeno total eliminado por

los cultivos).

Un valor superior a 1.0 indicaria un exceso teérico de los nutrientes.. En la préctica, se consideran
aceptables valores de entre 1.0y I.5.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Conozca su agua
* Prueba de su agua de riego
* Fertlizante gratuito (nitrato)

* Nivel de salinidad (tolerancia de los cultivos), el
potencial de reduccion del rendimiento

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Conozca su fertilizante

* Tipos y fuentes de fertlizantes comunes

» Determinar la aplicacion del método y tipo
adecuado

* Calcule la necesidad

* Busque consultas técnicas
— Asesor certificado de cultivo (CCA)

— Representante de venta tecnico para obtener
MSDS

California iversity, Fresno - Ce Technology - Center
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Claves para mejorar la eficiencia de uso

del fertilizante
|I. Desarrollar el NMP

Mantenga un bueno registro
Mantenga la calidad de suelo total

Hw N

Siga el 4R concepto de la administracién de
nutrientes

California iversity, Fresno — C igation Technology — Center
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4R concepto de la administracion
de nutrientes

| Fuente correcta: formulario/tipo (aplicacion de suelo/foliar ).

2. Precio correcto: nutrientes requeridos por el cultivo—dividir la
aplicacion.

3. Lugar correcto: modelo de la raiz, movimiento de agua.

4. Momento oportuno: fisiologia de la cosecha, ambiente de suelo.

29/01/2014
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California State University, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center

IRRIGATION TECH SEMINAR SERIES

Conclusion: en el presente

* Nosotros sabemos el total de la demanda de
arbol y cuando pasa:

* EI 80 por ciento de N, 75 por ciento Py K se
acumula en la fruta antes 120 DAFB (a medias de
junio de 2010)

* En este ensayo una tasa de N de 275 libras/acres
es un rendimiento maximizado (4,700 libras acre
en el dltimo ano del estudio) y no hubo un
beneficid de desde una aplicacion en exceso de
este valor

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Buenas practicas agricolas (GAP)
* Maximice el consumo de fertilizantes de sus
cultivos

* Reducir al minimo desperdicio de fertlizantes
a nuestro medio ambiente

Calidad del agua subterranea

Viabilidad econémica, ahorrar $$

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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California State University, Fresno ~ Center for Irigation Technology ~ AgWaterEnergy Center

California State University, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center
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Programa de capacitacion de NMP

» CDFA, CA CCA, UC ANR, juntas de agua
regionales

— Asesor certificado de cultivo (CCA)
— Dos dias

— Valle central y valle de Salinas

— Comienza en diciembre de 2013

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center

IRRIGATION TECH SEMINAR SERIES

IRRIGATION TECH SEMINAR SERIES

¢{Preguntas?
* Receso

* Siguiente: Demostracion de fertirriego - Bill
Green

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Equipo de fertirriego y rendimiento del sistema de
riego

IRRIGATION TECH SEMINAR SERIES

A. Comenzar con un buen equipo de
fertirriego
I. Proteger la fuente de agua

2. Instalar un sistema automatico de cierre

3. Evite el sistema de agua de riego presurizado
para que no fluya de regreso al suministro de
fertilizante

California iversity, Fresno — C igation Technology — Center
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|. Proteja la fuente de agua, evite el

contraflujo

* En el diagrama a la
derecha, no hay ninguna
prevencion de
contraflujo. Fertilizante
inyectado en la linea de
descarga del sistema de
riego podria contrafluir
en la fuente de aguasi la
bomba se apaga o se
rompe

29/01/2014
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Instale una valvula de retencion

 Esta valvula de retencion
con resorte se cerrara
automaticamente si el
sistema de riego de agua
principal se interrumpe.
Ademas, un drenaje de baja
presion y aire/ valvula de
descarga de vacio da mayor
proteccion de la Gnica
valvula de retencioén.

IRRIGATION TECH SEMINAR SERIES

Esquema completo del sistema

 El diagrama a la derecha
muestra todos los
equipos de seguridad
instalados. Un buen
sistema de inyeccion (B)
debe incluir la
prevencion de
contraflujo, sistema (H)
automatizado de cierre
en caso de una pérdida
de presion o flujo.
Ademas, es posible
cerrar todo el sistema
de bomba y riego.

IRRIGATION TECH SEMINAR SERIES

2. Parada automatica del sistema de inyeccion

* Un interruptor de
presion conectado a
una valvula solenodie
“normalmente cerrada”
en la linea de inyeccion
detendra la inyeccion
de fertilizante si no se
cumplen los requisitos
del sistema de riego.

10
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3. Evite el contraflujo de sistema de riego al
tanque de suministro de fertilizante
* Si la inyeccién de
fertilizantes se apaga
por cualquier razén, la
presion del agua del
sistema de riego podria
invertir direccion de
flujo y potencialmente
causar un derrame de
fertilizantes.

IRRIGATION TECH SEMINAR SERIES

Vilvula de retencion de la linea de inyeccion

* Una valvula de
retencion de la linea de
inyeccion mantendra el
flujo inverso del sistema
de riego presurizado sin X
desbordar el tanque de
suministro de
fertilzante.

IRRIGATION TECH SEMINAR SERIES

Resumen de los equipos

I. Proteja las fuentes de agua
2. Instalar un sistema automatico de cierre

3. Evite el sistema de agua de riego presurizado
para que no fluya de regreso al suministro de
fertilizante

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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B. Rendimiento del sistema de riego

IRRIGATION TECH SEMINAR SERIES

Uniformidad de distribucion (DU)

* Todos los sistemas de riego presurizados
deben ser disenados, instalados y mantendios
con el objectivo de lograr buena DU

* Buena DU da al administrador del sistema el
potencial de ahorro de agua, fertilizantes y
energia.

* Una vez que se haya logrado un buen DU, el
riego, fertirriego y la eficiencia energética
puede ser el resultado.

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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iCuales son algunas de las razones de una baja
Du?

I. Un mal disefo
2. Diferencias de elevacion

3. Falta de mantenimiento
-Fugas
-Emisores tapados
-Vilvulas de presion no calibradas correctamente

-Bomba de flujo y presién no coinciden con el
disefio del sistema

-Pobre mantenimiento de los filtros o disefo

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Auditoria del sistema de riego para
determinar DUIq

La mayoria de las auditorias de sistemas de riego
utilizan la distribucién uniforme de el trimestre bajo
DUIq

DUIq = Promedio Minimo X 100

Promedio Total
Endonde:
DUlq = uniformidad de distribucion bajo de custodia
Promedio minimo= promedio minimo de 25% de la muestra
Promedio total= promedio de un total de 75% restante

California iversity, Fresno - Ce Technology - Center
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Revisan el sistema de riego

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Ejemplo de DUIq

* Latabla a la izquierda
ilustra la importancia de
DU. Con un DUIq de
80%, con el fin de lograr
el 100% del agua
necesaria en el
trimestre bajo, se
estaria aplicando 160%
del agua en el trimestre
alto 80%.

29/01/2014
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Pobre DU, riego irregular y la aplicacién de
fertilizantes

California State University, Fresno - Center for Irrigation Technology ~ AgWaterEnergy Center
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DU buena, sobre riego, potencial de lixiviacion
de fertilizantes

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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Buena DU, la buena gestion del agua y los
fertilizantes

California State University, Fresno — Center for Irrigation Technology — AgWaterEnergy Center
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This program was funded by a grant from the California
Department of Food and
Agriculture’s Fertilizer Research and Education Program” (FREP)”
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Fertigation Education Evaluation

Class Location:

Date:

Please feel free to comment on any of the statements in this column.

Circle the most appropriate answer for each

statement in the left column.

Strongly Moderately Moderately Strongly
Disagree Disagree Agree Agree

1. The subject matter was presented in a logical sequence. 1 2 3 4

2. The visual material was helpful for classroom instruction. 1 2 3 4

3. The working pump and irrigation demonstration was a valuable learning tool. 1 2 3 4

4. The instructor(s) possess(es) sufficient knowledge of the subject matter. 1 2 3 4

5. The instructor(s) encourage discussion and questions. 1 2 3 4

6. |feel | understood most of the material covered. 1 2 3 4

7. The facility provided a good learning atmosphere. 1 2 3 4

8. Overall, I would rate the workshop as excellent. 1 2 3 4

9. Based on the experience, | have a better understanding of Fertigation. 1 2 3 4

10. Based on the experience, | would be interested in attending other Irrigation Tech

workshops hosted by Fresno State. 1 2 3 4

Comments:
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presented at the seminar?
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seminar?
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