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-1477 Project 1: Promoting New Mexico Processors and Growers of
Specialty Crops to the Food and Beverage Industry, Final Report

Project Summary

The project was the evolution of prior Specialty Crop Block Grant Program (SCBGP) food services
projects. The project built on prior funded “Food Service” projects by expanding marketing and
promotional efforts of New Mexico (NM) specialty crops and value-added products across the entire
food and beverage industry. The issue and importance of expanding the marketing and promotional
efforts was to grow business for processors and growers into new markets including: food and beverage
retail operators, food and beverage distributors, food service chains, grocery and convenience stores,
and specialty food and beverage retailers.

The project achieved its purpose. The project demonstrated the importance of funding assistance and
NMDA expertise for the beneficiaries, thus increasing the growth and competitiveness of New Mexico
Specialty Crops.

Project Approach

The project approach was to build on prior food service projects to increase sales and market share of
processors and growers of specialty crops. The approach was to grow into new food service and retail
markets through product demonstrations, exhibiting at trade shows, participating in special events, and
working with the entire U.S. food and beverage industry. The promotional activities started in March of
2013 and carried through May of 2015. The product demos worked with talented, professional, and
celebrity chefs. The tradeshows were carefully picked to connect processors and growers to distributors
and operators.

The special events promoted New Mexico specialty crops to local food and beverage festivals, regional
and national cook-offs, regional and national grocery chains, and culinary media reporters. The special
events promoted New Mexico specialty crops.

The Market Introduction Program introduced New Mexico specialty crops to new markets as funding
was used for product sampling and new and innovative uses. The funding was critical to enabling
processors and growers being involved with the promotional activities (especially trade shows),
whereas, they may not have been able to without the assistance. Although the work project needed to
be extended, the activities listed in the work plan were completed.

NMDA'’s expertise, contacts in the food and beverage industry, and promotion of New Mexico specialty
crops through the use of the SCBGP funding was critical to the success of the program.



Goals and Outcomes Achieved
The primary goal of the project was to increase the number of markets and market segments for
processors and growers of New Mexico specialty crops. As outlined below, the goas were exceeded.
e New food service market goals exceeded the goal by nine markets.
o New retail service market goals exceed the goal by 10 markets.

Goals Established Actual Accomplishments
Increase new markets 22 new markets-- New markets in the food service industry using New Mexico
in the food service specialty crops include: Pizza restaurant operators; Indian Gaming and Hotel
industry by 13 Operations across the USA; West Texas food service operators; Food truck

operators in NM, AZ, and CA; Phoenix and Scottsdale, AZ food services operators;
Airline food series concessions; NM college and university alumni across the USA;
Southern CA wine distributors; Hotel food and beverage operations in Las Vegas
and Reno, NV; Specialty produce to northern CA and southern USA; Food service
distributors in: Delmar, CA; Phoenix, AZ; Denver, CO, Dallas, TX; Monterey, CA; Las
Vegas, NV; Salt Lake City, UT; Southern Texas; Des Moines, lowa; Southern
Colorado; Anaheim, CA; Chicago, IL; Tucson, AZ; and New Orleans, LA;
Albuqguerque school districts; and additional Native Indian Food and Beverage
operations.

Increase new markets 10 new markets in the retail sector using New Mexico specialty crops include:

in the retail section by Southern CA; Las Vegas, NV; Chicago, IL; Michigan; Texas; Hawaii; and USA web
four retail venues, ICS Love with Food, ExpoWest, Fuze-SW. New retail markets have
been established including: Smith’s Grocers, Albertson’s Grocers, Specs
Distributors, Independent Grocers Association, Walgreens, and World Market
Stores.

Activity Highlights
Food Service, Distributor Trade Shows— SYSCO, LaBatt, Ben E. Keith, US Foods, and Shamrock typically
promoted specialty crops: red and green chile, pecans, onions, and potatoes.

Food Service Distributor show attendance was 600-1,000 food service operators. Sampling and cooking
demos were preformed and approximately 40-60 strong sale leads resulted.

International and Association Trade Shows: Produce Marketing Association (PMA), Global Gaming Expo
(G2E), International Pizza Expo (IPE), Texas Restaurant Association (TRA), Efficient Collaborative Retail
Marketing (ECRM), Night Club and Bar Show (NCB), National Indian Gaming Association (NIGA), and
International Chile Society (ICS).

These activities were usually very large-scale promos that involved many growers and processors.
Average attendance from TRA and ECRM shows was approximately 6,000 attendees per show;
attendance for the IPE, PMA, and NCB all ranged from 20,000 to 25,000 per show; and G2E had

approximately 50,000 attendees.

The activities included seminar presentations, product demos, networking, and expanding markets.



Beneficiaries

The beneficiaries of the project were the processors and growers of New Mexico specialty crops. The
project helped the beneficiaries to grow their business in existing and new markets as shown in the
actual accomplishments of goals.

Working to benefit the processors of specialty food and beverage products, creating more demand and
thus benefiting the growers.

The exposure and growth into new markets will continue to benefit the processors and growers in the
future as New Mexico specialty crops gain popularity, demand, and competitiveness.

Lessons Learned

NMDA through prior projects has helped processors and growers of specialty crops by making contacts,
identifying their growth goals, and making them more competitive, especially in the Food Service Sector.
This project realized and dealt with promotion and growth into new sectors and markets. The project
promotions and activities opened major retail markets. The promotion and activities worked across the
entire Food and Beverage supply and service chain.

The project helped New Mexico companies to gain market share out of the state of New Mexico
whereas sustainable growth was realized among New Mexico processors and growers and less winning
and losing business from each other. We have learned that the business growth potential in the
surrounding states has enough business for all to grow substantially.

The project took longer than originally planned since we had some overlapping funds from a previous
project and mostly that we took caution to spend the funds most effectively while making sure the New
Mexico companies were ready to grow in the new markets.

There continues to be a great need for support through NMDA for New Mexico processors and growers
of specialty corps. The funding continues to be vital in helping the companies participate in promotional
activities, especially in trade shows. The companies realize the expertise and connections that NMDA
has in the Food and Beverage industry. Through the work of the project, NMDA and the New Mexico
companies realize the enormous potential business that exists for them in new markets outside of New
Mexico.

Contact Person
Dennis F. Hogan, 575-646-4929, dhogan@nmda.nmsu.edu
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-1477 Project 2: Development of Onion Cultivars Resistant to
Fusarium Basal Rot, Final Report

Project Summary

Fusarium basal rot (FBR) is a soil-borne fungal disease that causes a disintegration of the onion bulb
basal plate (compressed stem) thus killing a plant growing in the field. Once a bulb becomes infected
with the fungal pathogen, the disease and the resulting decay it causes cannot be halted. Any plants
exhibiting foliage symptoms consistent with the disease must be discarded, thus reducing yield. Soil
fumigation, although costly, and crop rotation cycles of five years or more can reduce the frequency of
the disease, but will not prevent it from occurring. FBR-resistant cultivars currently do not exist. Since
onions have been grown in New Mexico for more than 100 years, many fields have had multiple onion
crops in their history. In addition, as agricultural land becomes sequestered into residential
development or perennial agricultural crops, such as pecan, the number of fields available for adequate
rotation decreases and the rotation time between successive onion crops decreases to three years or
less. The FBR pathogen also has the ability to infect other plant species and to survive on dead plant
matter in the soil, thus increasing its longevity in the soil and decreasing the benefits of crop rotation.

The disease is particularly damaging to bulbs in storage as the initial decay is difficult to detect but once
decay is visible, secondary bacterial pathogens have already entered the decayed tissue. These bacterial
pathogens can cause additional decay and spread decay to adjacent bulbs. Any decayed bulbs must be
separated from healthy bulbs otherwise entire shipments can be rejected by buyers upon detection of a
certain percentage of decayed bulbs at their destination. A rejected shipment not only causes a loss in
revenue from those onions, but also incurs additional costs of shipment disposal if another buyer cannot
be found. During the grading and re-grading process, decayed bulbs can be removed by hand but this is
costly and time consuming. Onions that are resistant to FBR would develop no basal plate decay, would
not permit entry to bacterial pathogens through the basal plate, would exhibit fewer decayed bulbs,
would require less grading effort, and would save money through fewer discarded bulbs and fewer
rejected shipments because of decay issues.

Project Approach

Seed of original, intermediate, and advanced FBR-selected populations and one resistant and two
susceptible checks were sown in fields at the Fabian Garcia Science Center (FGSC) in Las Cruces, NM on
October 2012. There were a total of 30 entries in the study that were replicated four times. Plants were
grown during the fall, winter, and spring months using standard cultural practices for onions grown in
southern New Mexico. In March of 2013, cultures of Fusarium oxysporum f. sp. cepae (FOC) isolates
maintained by the program were initiated. In May and June of 2013, bulbs were harvested from the
planted populations once plants had reached maturity. After 4 weeks of storage, the basal plate of bulbs
was cut transversely and 3.0 x 10° spores/ml were applied to the cut surface as a liquid suspension.
After 21 days, the basal plate of each bulb was cut again and the basal plate was rated on a scale of 1-9
where a 1 represented no diseased tissue and a 9 represented 70% or more of the plate tissue was
diseased. The lack of diseased tissue on basal plates of the susceptible check indicated that the
inoculation was ineffective in causing disease.

A new study was initiated to evaluate higher inoculum rates and alternate inoculum delivery methods.
In addition to the original spore concentration of 3.0 x 10° spores/ml, three additional concentrations
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were evaluated; 6.0, 9.0, and 12.0 x 10° spores/ml. Two additional inoculum delivery methods were
developed in the hopes of increasing disease incidence. Spores at the aforementioned concentrations
were either suspended in potato dextrose agar (PDA) or polyacrylamide gel before being placed on cut
basal plates. Twelve treatments that consisted of the 3 inoculum delivery methods and the 4 inoculum
concentrations were created. Basal plates of 20 bulbs of the susceptible check were cut transversely and
the basal plates were inoculated with spores from one of the treatments. A treatment was repeated
four times. After 21 days, the basal plate of each bulb was cut again and the basal plate was rated. The
treatment in which 12 x 10° spores/ml suspended in PDA were applied to the basal plate resulted in the
highest incidence of disease and was selected for future inoculations.

Using the information gained in 2012, seeds of original, intermediate, and advanced FBR-selected
populations and one resistant and one susceptible check were sown in fields at the FGSC in October
2013 and 2014. There were a total of 23 entries in the study that were replicated four times. In March of
2014 and 2015, cultures of FOC isolate CSC 515 were initiated from infected, frozen wheat straw. Onion
bulbs were inoculated with mycelium and spores from these cultures. The pathogen was reisolated from
infected basal plate tissues of these inoculated bulbs. Infected bulbs served as an inoculum source for
generating fresh inoculum and to maintain pathogen virulence. Small sections of infested basal plate
tissue were placed on petri plates of PDA to encourage pathogen growth. After 10 days, spores were
rinsed from the plates with distilled water and the resulting spore suspension was saved. These spores
were mixed with cooled, autoclaved PDA media to result in a final spore concentration of 12 (2014) or 3
(2015) x 10° sporeseml™ of PDA in the poured plates.

From late May to early July of 2014 and 2015, bulbs were harvested from the planted populations once
plants had reached maturity. After harvest, the basal plate of all bulbs from the plot was cut transversely
and a 1 cm diameter plug of PDA inoculum was applied to the cut surface. Bulbs were placed in black
plastic crates and crates were placed in black plastic bags for 3 (2014) or 1 (2015) day(s) to encourage
mycelium growth and infection. After 21 days from inoculation, the basal plate of each bulb was cut
again and the basal plate was rated. Bulbs, that were rated as a 9, were discarded while all other bulbs
were saved to produce seed for the following year. The average disease severity was calculated from the
first 20 bulbs selected arbitrarily from the plot. Disease incidence was calculated as the percentage of
diseased bulbs. Data were statistically analyzed to determine entry means for disease severity and
incidence. Single-degree-of-freedom contrasts were calculated to determine statistical differences
between pairs of entry means. These analyses were conducted to determine if selection had resulted in
a reduction in disease severity and incidence.

In September 2014, bulbs selected from the first and second generation lines of all seven cultivars were
placed into separate locations in a field at the Leyendecker Plant Science Research Center (LPSRC) to
produce seed of each line in the following year. In April 2015, those bulbs produced seedstalks and
began the flowering process. Crossing cages were constructed and placed over the flowering bulbs. In
May 2015, pollinators (honeybees and blue bottle flies) were introduced into the cages to pollinate
flowers. These pollinators remained in the cages for 2-3 additional weeks from now once flowering has
finished. In July 2015, seed capsules were harvested and seed cleaning was initiated. Seeds of original,
intermediate, and advanced FBR-selected populations and one resistant and one susceptible check were
sown in fields at the LPSRC in October 2015. There were a total of 23 entries in the study that were
replicated four times. This study was initiated to assess the progress made for FBR resistance through



the selection conducted as part of this proposal. The work funded by this proposal will continue until a
FBR resistant cultivar is developed.

In both 2014 and 2015, the inoculation method was very effective at causing disease in most bulbs
which is very important for selecting FBR resistant bulbs. Both the resistant and susceptible check
entries exhibited a high level of disease severity and incidence and both entries could not be
distinguished for both traits in 2014. These results suggest that the inoculation method needs to be
modified to reduce infection rates and disease development in order to better differentiate between
the resistant and susceptible check entries. When the spore concentration and incubation time were
reduced, a better discrimination was observed between check cultivars; however, additional
modifications to the inoculation protocol are needed for reduced disease infection. Compared to the
evaluations performed in 2013 and by previous investigators, the incubation environment and time of
incubation is critical to disease formation with this pathogen.

With the high rate of disease development throughout the study, many of the selected populations did
not perform well in terms of disease severity and incidence. In addition, the responses observed were
not the same in both years. For example, of the seven cultivar populations evaluated in 2014, all three
generations of ‘NuMex Mesa’ exhibited a reduced severity and incidence as compared to the
performance of both check cultivars. Unfortunately, this same response was not observed in 2015 as all
three generations were similar to the susceptible check in terms of disease severity and incidence. Any
observed resistance needs to be present in multiple years to be valuable. The results from this study
suggest that the inoculation method used to develop these populations prior to this proposal were
ineffective in selecting for FBR resistance. By continuing this work with a selected generation developed
using the inoculation protocol developed from this proposal, FBR resistance might be finally realized. In
addition, if this developed inoculation protocol proves successful at identifying resistant bulbs, the
protocol could be used by other onion breeding programs to develop FBR resistant cultivars.

Goals and Outcomes Achieved

The goal of this project was to develop onion cultivars that are FBR-resistant with a target of one FBR
resistant cultivar released by the end of the project. Based upon the evaluations completed in this
project, we have not reach the level of FBR resistance to warrant a cultivar release at this time.
However, by completing this project, we are closer to releasing a FBR resistant than before the project
was started. An additional selection for FBR resistance was made during this project. Modifications
made to the inoculum procedure and incubation protocol increase our prospects of developing a FBR-
resistant onion cultivar. Through these modifications we were able to make greater progress than if
those modifications had not been made. In addition, these new modified procedures can be used by
other researchers for plant improvement once the results are published.

Another goal of the project was to increase annual attendance at onion field days by a target of 20
individuals. Field days were held in 2013, 2014, and 2015. In 2013, 28 individuals attended the field day
and 45 individuals attended the field day in 2015. While we did not increase the attendance by 20 over
this time period, attendance did increase by 61%. We plan to continue hosting annual field days that
spotlight the progress we have made in developing FBR-resistant onion cultivars.



Beneficiaries

The main beneficiaries of this research will be the ~100 onion growers, shippers, and brokers in New
Mexico who manage 6,000 acres of onions that have a farm-gate value of $50-60 million annually.
Onions are an important high-value specialty crop for NM and are one of the most profitable crops
grown in NM. The absence of soil fumigation could save $150 per acre. If a 2% loss in yield due to FBR
and associated bacterial decay is assumed, gross returns could be increased by $160 per acre. Assuming
the same 2% loss in the form of rejected shipments due to decayed bulbs, the cost would be over
$400,000. While we were not able to release a FBR-resistant cultivar within the time period of this
project, we are closer to that goal as a result of this work. We will continue to work towards developing
a FBR-resistant cultivar. Once a FBR-resistant cultivar is released, the profit of the NM onion industry
could increase by close to $2.3 million annually. Other beneficiaries of this research are other
researchers and commercial plant breeders working to develop FBR-resistant cultivars. The results from
this research will hasten their progress towards this shared goal. Additional beneficiaries of this research
are the students that were involved in completing this research project. They gained valuable scientific
experience that they will apply in their future endeavors. Our research program will also benefit from
this research. The results from this research will strengthen our efforts to obtain additional funding to
support the continuation of this research.

Lessons Learned

Our project learned to not assume that previously-used inoculation methods were effective in selecting
for disease resistance. We also learned to evaluate new inoculation and incubation procedures prior to
their implementation on a larger scale. Even though we were not successful in releasing a FBR-resistant
onion cultivar, we developed a inoculation and incubation procedure that was effective in reliably
causing disease development. This effective procedure will greatly aid us in the development of FBR-
resistant cultivars. In addition, this new procedure allowed us to effectively assess the lack of progress
made with a previous inoculation procedure. The new incubation procedure developed as part of this
project was an improvement over the previous procedure and contributed to high levels of disease
infection.

Contact Person

Chris Cramer
(575) 646-2657
cscramer@nmsu.edu

Additional Information

Publications
Mandal, S. and Cramer, C.S. 2014. Selection progress for Fusarium basal rot resistance in onions, pp. 20-
21. In: Proc. 2014 National Allium Research Conf. W. Mininger and H.F. Schwartz (Eds.) Scottsdale, AZ.



-1477 Project 3: GAP and GMP Prep Workshops and Mock Audits,
Final Report

Project Summary

Food Safety has become a major national and international concern. Thus, additional minimum federal
safety standards have been implemented over the past few years in order to guarantee consumers that
they are receiving the safest food supply possible. Additionally, many stores themselves have
implemented their own safety standards to protect themselves and their customers. With this in mind,
many retail stores, restaurants, shippers, distributors, and processors are now required to have audits
conducted by certified inspectors.

The purpose of this project is to: 1) assist companies with monies to offset the cost of having these
audits conducted in order to remain in the market place; 2) conduct mock audits and training for
industry and Extension personnel; and 3) maintain and utilize NMDA's three certified licensed auditors
who can conduct Good Handling Practices and Good Agricultural Practices audits.

Project Approach

This project served to help New Mexico specialty crop suppliers and manufacturers more appropriately
safeguard their product for the protection of the consumer and everyone in the food supply chain. The
objective was to provide the tools needed to pass any third-party audit required by a buyer. This was
accomplished by hiring a consultant to provide hands-on workshops and mock audits in various
locations across the state and by hosting preparatory workshops for small-to large-scale specialty crop
growers and manufactures.

These funds also financed continuing education expenses for keeping the two NMDA/USDA certified
GHP/GAP auditors current with their training and train a fourth GHP/GAP auditor. By utilizing NMDA's
certified auditors, the suppliers' expense is often much less than if they had hired a third-party auditor.
(The expenses associated with these training sessions is not passed on to the supplier.) NMDA's
auditors attended the workshops and explained the certification process to the industry at no additional
cost.

The various workshops and mock audits conducted during this project have allowed New Mexico's
specialty crop producers and processors to remain in the marketplace and stay competitive. In 2013 a
“Train the Trainer” workshop was conducted for NMSU Extension agents to provide the necessary tools
to train producers in creating a food safety plan. The workshop provided an in-classroom mock audit
experience. Some of the agents had never experienced any type of mock audit before taking the class.
The feedback from the agents expressed the importance of the food safety plans. The representative
from Primus lab that provided the information on “Train the Trainer” to the agents also gave a
presentation at the NM Organic Farming Conference titled “It’s Coming! Preparing for Food Safety
Regulations”. The feedback was very positive and the presentation made producers/processors aware
of the food safety guidelines that will be implemented in the future.

At the 2014 Organic Farming Conference a session on FSMA (Food Safety Modernization Act) was
conducted by staff from Primus. During the session, the representative from Primus presented an
overview of the program and what is expected of producers. At that point, FSMA was in the
developmental stages and details of the FSMA program had yet to be communicated by USDA/FDA.



During the mock audits, a pre-test was given to see how knowledgeable participants were on food
safety and how third-party audits are conducted. The first mock audit pre-test average score was 74%.
Upon completion, a post test was given to the participants to gauge the effectiveness of the mock audit.
The post-test average score was 80%. The second mock audit pre-test scores ranged from 11 to 72%
and the post test scores ranged from 67 to 88%.

In conclusion, the mock audits and workshops proved to be a valuable tool in preparation for third-
party audits. In order for New Mexico's specialty crop producers and processors to remain in the
marketplace today, third-party certifications are vital in ensuring the safest food supply to consumers
from farm to fork.

Goals and OQutcomes Achieved

e |nitially, 17 GHP/GAP audits were conducted for 10 different companies.

e \With the change in scope of the original proposal, this project has contributed to the successful
completion of audits by 13 additional companies throughout NM which were conducted by a 3rd
party auditor, and allowed them to remain competitive in the marketplace.

e The initial goal was to assist 20-30 companies. To-date, 23 companies were either GAP/GHP
Certified and/or received certification from another 3rd party auditor.

e A “Train the Training” food safety workshop was conducted for NMSU Extension agents to provide
the necessary tools to assist producers with a basic guideline for developing a food safety plan. In
addition, the trainer spoke at the Organic Farming conference about preparing for food safety
regulations (FSMA).

e A mock audit was conducted with participation from Extension, NMDA and Industry. The pre-test
was given to see how knowledgeable participants were on food safety and how 3rd party audits are
conducted; the average was 74%. After the mock audit, a post test was given to the participants to
see how much information was gained; the post-test average was 80%. A second mock audit took
place and the pre-test scores ranged from 11 to 72% and after the mock audit the post-test scores
ranged from 67 to 88%.

Beneficiaries

- The 23 various NM specialty crops companies that successfully passed GHP/GAP or 3rd party
audits.
- The 24 participants which included NMSU Extension staff, NMDA staff, and Industry who gained

knowledge of current food safety requirements, the process of preparing for GHP/GAP or 3rd
party audits, and the steps taken during an audit.

Lessons Learned

- Regular audits enable the industry to remain competitive in the marketplace and offer the safest
food supply to consumers.

- New Mexico had initially delayed the certification process due to FSMA and the impact it would
have on 3rd party certifications.

- Conducting on-site mock audits with 3rd party auditing companies has provided NMSU

Extension staff and Industry with basic tools to create and implement a food safety plan.

Contact Person
Stacy Gerk,
sgerk@nmda.nmsu.edu
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-1477 Project 4: Promoting Jujubes in New Mexico with Cultivar
Demonstrations, Research and Extension, Final Report

Project Summary

Late frost is the number one challenge to apple and peach production in central and northern New
Mexico and these fruit crops are highly unpredictable. Most fruit growers without frost protection
equipment did not have a crop in 2010 or 2011; in most cases growers are fortunate to have a crop
every two or three years. Most of these producers are small acreage farmers (less than 2 to 5 acres) and
come from socially disadvantaged backgrounds. Without a reliable year to year crop from which to
create income, many become discouraged and abandon the effort. To help those small and socially
disadvantaged farmers in New Mexico stay in business, reliable alternative crops are desperately
needed.

Jujube is native to China and was imported into the U.S. 100 years ago. With its late season start-up,
wide soil and climate adaption, and nutritious fruit, jujube is a good alternative crop in New Mexico.
Mature jujube plants are drought tolerant: another advantage given the frequent water
deficiencies/drought in the Southwest.

The NMSU Alcalde Center imported over 30 cultivars from China in 2011 and grafted them successfully
at Alcalde, NM. After the two year quarantine period, we started the preliminary propagation in 2013,
grafted 40 cultivars in 2014, and planted them with replication at NMSU Los Lunas Center and Alcalde
Center in April 2015. Plants had 100% survival and over 50% set fruit in 2015, the planting year. We also
planted 30 cultivars for a total of 66 trees in 2014 at Alcalde and 39/66 (59%) yielded over 1 Ib of fruit
and 1/3 (22/66) of trees yielded over 3 |b in 2015, the second year after planting. We hosted three
jujube growing habit, pruning and grafting workshops at Alcalde, five jujube fruiting habit and fruit
tasting workshops in Las Cruces, Los Lunas and Alcalde plus three fruit tasting sessions at the NM State
Fair in 2012-2014 which reached more than 1000 customers. The jujube research and extension
activities also appeared in popular media numerous times. Jujube talks at Alcalde Field Day in 2014 and
Los Lunas Field Days in 2013 and 2015 reached 150-200 people each time. The jujube session also
appeared at PI's Master Gardener training classes across the state which reached 150-200 Master
Gardeners each year from 2013 to 2015. At this time, the availability of commercial cultivars is still
limited but we have preliminarily identified over 10 promising cultivars and will recommend/release
them after we collect more data from the cultivar trials at different locations in New Mexico. We
published one jujube review paper and one jujube flowering and fruiting habit paper, four jujube
abstracts and two extension publications. The jujube grafting video on YouTube received over 10,600 IP
clicks since Oct 2013. All of those will guide future jujube growers and researchers. We got inquiries not
only from across the country—especially California and Texas—but also internationally. Growers and
home gardeners have started to plant jujubes. A multistate project will definitely boost the popularity of
jujube in the US and assist growers nationwide.

Project Approach

Cultivar trial preparation and planting

Over 30 cultivars were imported and successfully grafted at NMSU Alcalde in 2011. After 2 years
quarantine, we started to propagate them in 2013 and Dr. Yao grafted every single tree used in this
project except for the five commercially available cultivars. We propagated around 100 trees in 2013 as
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a test-run and planted 66 to another plot at NMSU Alcalde Center. The rest were used as scionwood and
observation trees in situ.

In 2014, even with the unexpected frost damage to rootstock seedlings, we managed to propagate 41
cultivars, with eight trees each of 31 cultivars and four trees each of 10 cultivars. Trees were planted at
both NMSU Los Lunas and Alcalde Centers with identical planting of 41 cultivars in April 2015. Trees
grew well in 2015 at both locations with over 50% setting fruit during planting year. Within the 2014
planting at Alcalde, 59% of trees (39/66) cropped over 1 |b of fruit and among them, 22 trees yielded 3
Ib or more fruit in 2015.

Jujube flowering and fruit habits observation

We observed and studied the jujube flowering and fruiting habits as well as pollen germination from
2012 to 2014 and published the flowering and fruiting part in HortScience 2015, 50(6): 839-846. We
found 24 morning blooming type and 32 afternoon blooming type among the 56 cultivars observed.
Cultivars Li, Li(2), Redland, Daguazao, Dabailing, Xiangzao and Qiyuexian were self-fruitful while popular
cultivar Lang was not self-fertile. The self-fruitfulness information will be helpful for extension personnel
and growers for their cultivar recommendation/selections. Jujube cultivars all have a pit (except ‘Pitless’
with an incomplete one) but not all cultivars have seeds inside the kernel. Cultivars Zhongning, Globe,
Jinsi -2, Abbeville, Sept Late and Liuyuexian had filled seeds while Lang, Don Polenski, Junzao and
Xingguang had no seeds just an empty sac. Big fruited cultivars like Li, Li(2), Redland, Daguazao, and
Dabailing had very low seed percentage. This paper provided basic flowering and fruiting information for
cultivars in the US which will be the baseline for further research and guide parent selection in breeding.

Disseminating the knowledge to growers through workshops, media and extension publications
From 2012 to 2015, we hosted at least two jujube workshops each year, with a spring workshop on
jujube growing habits, pruning basics and grafting, and a fall workshop on jujube flowering and fruiting
habits plus fruit tasting. Jujubes belong to the Rhamnaceae family. Its growing habits differ from most
stone or pome fruit from the Rosaceae family. As far as my knowledge, we are the first educational
institution in the US to systematically offer jujube growing habits, flowering and fruiting workshops. Our
workshops attracted local growers at first, then those from across New Mexico and growers from Texas
and California. We also got inquiries from growers across the country and even Canada, Italy and
Australia.

In addition to those workshops, we also introduced jujubes through Dr. Yao’s Master Gardener training
class across the state. Each year, 150-200 Master Gardeners were trained in several counties in

New Mexico. We also hosted a jujube fruit tasting session at New Mexico State Fair from 2012-2014
which reached over 1,000 customers.

Due to the shortage of jujube extension publications, we published ‘Jujube, Chinese date in

New Mexico’ in 2012 and ‘Jujube Grafting’ in 2014. For the grafting, we also made a video version on
YouTube which received over 10,600 clicks from distinct IP addresses since it was released in Oct 2013,
which indicates its popularity for an agricultural video. One grower from Australia emailed me and
mentioned that he learned some new techniques after watching the video.

Our jujube research and extension work also appeared numerous times in popular media in New Mexico
such as Albuquerque Journal, Albuquerque Journal North, Las Cruces Sun-News, and Rio Grande Sun
(Espanola), etc.
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Cultivar evaluation
We have been evaluating jujube cultivars since 2012 and preliminarily identified potential cultivars for
New Mexico.

‘Li": imported 100 years ago, the most dominant cultivar in the US. Big fruit, nice flavor, self-fruitful,
good for fresh eating, mid-season.

‘Lang’: imported 100 years ago. One of the two dominant commerecially available cultivars. Pear shaped,
not self-fruitful, OK for fresh eating, good for drying, mid-season.

‘Junzao’/’Xiangguang’: new importation. Similar to Lang in shape, testing productivity now.

‘Shuimen’: imported 100 years ago. Medium in size, soft texture. Good for fresh eating and drying.
Heavy producer.

‘So’: imported 100 years ago. Zig-zagged branches, fan shaped plant, short round columnar fruit, sweet
and tart, good for fresh eating and drying. Mid-season. Suitable as ornamental-edible landscape.

‘Honeyijar’: small fruit, curved leaves, excellent fresh eating quality (#1 for fresh eating at Alcalde),
precocious (sets fruit in grafting year/planting year), very suitable for home gardeners.

‘Sugarcane’: olive shape fruit, sweet, medium size, good for both fresh eating and drying. Early mid-
season.

‘Qiyuexian’: recent importation. Early season. Big fruit, good quality for fresh eating, very suitable for
northern New Mexico or other areas with short growing season.

‘Dragon’: recent importation. Contorted plant with hair pin shoot structure. Small pear shaped fruit.
Good ornamental plants.

‘Dabailing’/’Daguazao’/’Redland’: big fruit, good fresh eating quality. Self-fruitful. Mid or mid-late in
season. Also good for pie.

‘Maya’/’Gaga’: recent importation. Small football shaped fruit, excellent for fresh eating. Mid-season.

‘Mushroom’: Mushroom shaped fruit, good ornamental plant. Mid-season. Dry fruit also keep the
mushroom shape.

‘GA866’: a US cultivar. Tooth shaped fruit. Very sweet, never set heavy in northern New Mexico. Need
data from southern locations.

‘Sherwood’/’Capri’/’Winter Delight’/’'Jing 39’: late cultivars, need testing in warmer areas. Sherwood did
not set well in northern New Mexico. Did well in California. ‘Jing 39’ is a new importation. Big fruit. Late
in season. Potential for fresh market near Thanksgiving after cold storage.

Cultivar recommendations will be deferred. We decided to hold until we collect more data from other
cultivar trial locations.

Role of participants
Shengrui Yao: team leader, conducted all the extension activities and participated in all research
activities and wrote extension and research publications;

12



Steve Guldan: participated in grant, research reports and publications’ writing and editing.

Robert Heyduck: participated in nursery tree management after grafting and fruit nutrient analysis in
2014 and 2015.

Junxin Huang: graduate student, participated in jujube flowering habit observation and nutrient analysis
in 2014.

Mary O’Connell: Guided Junxin Huang for nutrient analysis in her lab.
Field crew at Alcalde and Los Lunas: daily management of field plots for this project.
NMDA: provided space and table for the NM State Fair jujube promotion in 2012-2014.

Extension agents from Rio Arriba and Dona Ana counties and the NMSU Los Lunas Center assisted in
organizing workshops.

Goals and Outcomes Achieved
Established jujube cultivar trials at both NMSU Alcalde Center and Los Lunas Center with 41 cultivars
with replications.

Shared the results with growers, researchers, and extension personnel.
Published two jujube extension publications plus a YouTube video about jujube grafting.

Jujube, Chinese date in New Mexico. http://aces.nmsu.edu/pubs/ h/H-330.pdf

Jujube (Ziziphus jujuba) grafting. http://aces.nmsu.edu/pubs/ h/H335/

Jujube grafting on YouTube. https://www.youtube.com/watch?v=fFLwOWe0KQ4

Published a peer-reviewed paper: Jujube (Ziziphus jujuba Mill.) flowering and fruiting in the
Southwestern United States, HortScience 50:839-846.

Published a peer-reviewed jujube review paper: Past, Present and Future of jujubes, Chinese dates in
the United States. HortScience: 48:672-680.

Gave three oral jujube talks at the American Society for Horticultural Science annual meetings plus four
jujube posters from 2013-2015.

Gave a talk on alternative fruit crops at New Mexico Fruit Growers Conference with 40 customers in
2014.

Growers/customers reached: The workshops directly had over 200 attendees, the tasting session
reached over 1,000 customers, and 500 Master Gardeners in the past three years. The grafting video
had over 10,600 unique IP address clicks and the media coverage also reached thousands of readers.

Jujube acreage is still limited but several growers from New Mexico have started to plant jujubes
commercially. Numerous home gardeners have planted jujubes in their yards. Growers from Texas and
California also contacted us with their cultivar or cultural management questions.
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Cultivar recommendations

We have preliminarily identified 10+ promising cultivars (as listed in project approach section). We
decided to collect more data from different testing locations and gradually recommend cultivars in
several years. (A multistate cultivar trial is urgently needed. Otherwise, our future recommendations will
just be based on data from New Mexico.)

We have fulfilled all the goals and outcomes in the original proposal: established the cultivar trials at
two locations, one research paper, two extension publications and at least two workshops each year. In
addition, we produced one Youtube video with over 10,700 clicks, published a review paper, and
reached more audiences with workshops, publications, media coverage and Master Gardener trainings.
All those activities brought us national and international recognition for our jujube research and
extension work.

Beneficiaries

Jujube growers and home gardeners are among the beneficiaries who can use information we provide
to select their cultivars and guide their fruit production. Fruit growers and small farmers also benefit
from this project who can use jujube as an alternative crop to diversify their operations, reducing the
late frost risk and increasing income. Actually, jujube growers nationwide and internationally all benefit
from this project and we did receive inquiries across the country and internationally. The jujube
flowering and fruiting habits paper, extension publications and Youtube video are all available to jujube
growers internationally. Jujube growers, extension personnel and researchers all benefit from this
project. Customers will also benefit with more jujube cultivar choices for different purposes.

Lessons Learned

Late frost damage to seedlings or young trees. In 2014, when we started the propagation- grafting
process, we noticed the late frost damage. The low temperature in April killed the bark near the ground
on about 20-30% of the seedling rootstock trees. The project was not really affected by this damage
since we delayed the grafting and were more selective with rootstocks. It reminds us that in late frost
prone areas, growers and nurserymen should be aware of this risk and protect their seedlings/young
trees for possible late frost damage.

Cultivar recommendations: we started the cultivar evaluation process when we received the initial
cultivars in 2010 and 2011. After 3-4 years observation, we have preliminarily identified over 10 cultivars
for recommendation. As for their yield potential and performance in different locations, we do need
more data from cultivar trials across the state since Alcalde is close to the borderline for jujube planting
with its high elevation and short growing season. So, we decided to delay this process and
recommend/release them gradually after several years with more information collected from the
cultivar trial sites across the state or potentially in different states.

Contact Person: Shengrui Yao
Phone Number: 505-852-4241
Email: yaos@nmsu.edu

Additional Information
Two extension publications and two peer-reviewed papers in attachment.
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-1477 Project 5: Developing the Rio Arriba County Local Food
System through Centralized Shared Cooler Storage for Rio Arriba
Farmers, Final Report

Project Summary

The grant funded a walk-in cooler to be used by Rio Arriba County farmers, the Espafiola Community
Market, the Espaiiola Farmers’ Market and the local food hub for cold storage of local specialty crops.
Local farmers and the Rio Arriba Food Policy Council have expressed a need for aggregate shared cold
storage within the city of Espafiola, the area’s commercial hub. With this piece of equipment, farmers
can extend their selling season to the Espafola Farmers’ Market (EFM), a successful and established
local farmers’ market (1,800 customers per week), and to the Espafiola Community Market (ECM), a
local member-owned cooperative. The cooler will also help to grow the local food economy by providing
an aggregation point currently lacking for the farmers in this agriculturally rich region. Aggregating

Rio Arriba produce in a central location within the commercial hub of Espanola will help local farmers
increase the availability of their local specialty crops. It will also aid wholesale institutional buyers (such
as the hospital, local school district, and restaurants) that have expressed interest in purchasing
substantial volumes of local specialty crops, but have not had the resources to source locally within the
County.

Project Approach

Because Siete Del Norte, another entity in the community, received a large grant to schedule, aggregate,
package and market local crops on behalf of farmers, ECM delayed purchase of the cooler until a
working relationship and proper agreements could be secured. Siete del Norte joined the ECM board of
directors in August of 2013, and the two entities began jointly planning to lease, renovate and co-locate
in an abandoned Ford Dealership in downtown Espafiola. An agreement to lease the facility from the
City of Espafiola passed City Council in January of 2014 and the County of Rio Arriba was awarded
$290,000 by the NM State Legislature to begin renovating the building to house the Espafiola
Community Market, Siete del Norte and Moving Arts Espafiola, an after-school dance program for youth.
Espafiola Community Market purchased the walk in cooler in October, 2014 and installed it in the
“Hunter Ford” building. It is currently in use.

Several items in the work plan were altered as a result of the unexpected, but extremely fruitful
partnership with Siete del Norte: 1) because secure indoor space is convenient and available (it is in
downtown Espafola within easy walking distance of both ECM and EFM), ECM purchased an indoor
cooler; 2) no shade protection was necessary; 3) electrical costs to run the unit are currently being paid
by the City of Espafiola. Because the cooler has only recently been purchased during winter months, the
cooler is solely used by ECM to store specialty crops purchased from farmers, and no intern has been
hired to log usage. (The cooler is used solely to store specialty crops.)

The partnership has expanded beyond ECM and EFM to include the City of Espafiola, the County of Rio
Arriba, Siete del Norte, the Rio Arriba Community Health Council and Moving Arts Espafiola. Siete del
Norte has taken on the role of food hub from ECM, allowing ECM to focus on providing a retail outlet for
individual consumers of local specialty crops and other agricultural produce. The City of Espafiola has
provided low cost space for co-location of ECM, Siete del Norte and Moving Arts Espafiola. The County
of Rio Arriba raised $290,000 from the state legislature to develop the project. The Rio Arriba

15



Community Health Council and Moving Arts Espaiiola have sponsored a series of events designed to
raise public awareness of the project.

Goals and Outcomes Achieved

The cooler was purchased and installed and is currently in use.

The Espafiola Community Market has seen a steady increase in sales of local products, and has increased

the vendors from which it purchases as evidenced by the tables below:

Annual ECM Sales from 2011 to 2014

Year Sales Percent Increase Over
Previous Year
2011 S 3,148 No store
2012 S 61,076 1,840%
2013 S 98,355 61%
2014 $119,020 21%

Vendors to ECM

Year Number of Receipts to Percent increase | Percent increase
Vendors Vendors in vendors in sales to
vendors
2011 No data
2012 41 $18,571 N/A N/A
2013 55 $32,185 34% 73%
2014 78 $46,606* 42% 45%

*Projected sales based on 11 months data.

In 2014, two of the vendors to ECM were actually farmer coops with multiple farmers as members. This
data indicates that while farmer capacity to sell locally to individual customers appears to be increasing,
more work needs to be done to increase the consumer market for local produce. While sales have been
increasing every year, the number of volunteers has not, indicating that we need to conduct a well-
planned marketing campaign to individual consumers who are accustomed to cheap, outsourced food
through large chains. The coop has requested the assistance of the County’s Economic Development
Director for this purpose.

The existence of the cooler assures that ECM will have the capacity to address demand, should this
strategy cause a sudden increase in sales.

Beneficiaries
Beneficiaries included local vendors and farmers and local individual consumers of specialty crops.

There has been a 90% increase in vendors (from 41 to 78) to ECM from 2012 to the present. Two of
these vendors are farmer coops which aggregate crops from multiple farmers, so in fact, we have more

than doubled the number of farmers/vendors from which we procure produce and other food items.

There has been a 151% increase in purchases from those vendors since 2012, while there has been a
3,681% increase in sales to local consumers.
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Unfortunately, there has been a steady decrease in coop members as the requirements of membership
have become more complex than paying a one-time $15 fee: most coop members are asked to support
the ECM with a $25 annual fee and by volunteering labor at least four hours per month.

The following table summarizes annual coop membership:

Year Number of Members Percent Decrease from
Previous Year
2011 264 N/A
2012 242 8%
2013 197 19%
2014 183* 7%

Overall, the ECM has seen a 31% decrease in membership since 2011, probably reflecting: 1) increased
request for commitment to the store by members; 2) some drop off because, while food is less
expensive than similar coops in Santa Fe and Los Alamos, it is still more expensive than WalMart and
Supersave; and 3) because ECM continues to rely on the same demographic to staff the store, the
volunteer base is growing tired or aging and dropping off.

This data clearly indicates a need to market the store to people who were not part of volunteer-run
coops in the 1970s, and thus require much more effort and education to recruit. If the coop can recruit
this new, younger demographic, it will provide an effective outlet for sales of local produce to local
individual consumers. The ECM, at this time, is the only entity capable of developing and supplying the
market for local food to individual consumers.

Lessons Learned

The most important lesson learned through this project is that, while market capacity is dependent on
physical plant, it is not solely dependent on physical plant. While ECM has steadily expanded its hours
and days of operation, it has lost some of the volunteer-base necessary to run the store. We continue to
rely on an older, primarily Anglo demographic of individuals who are true believers in volunteer-run
coops and local food to make the coop run. A significant amount of carefully planned and carefully
targeted work will have to go into an education campaign about the benefits of local produce aimed at a
demographic that has grown up dependent on chain stores such as WalMart for produce.

The Rio Arriba Community Health Council will be informed of these findings, along with the Rio Arriba
County Economic Development Director, and asked to assist to conduct the proposed education and
marketing campaign on behalf of ECM. Developing a market for local food among individual consumers
may be the single most impactful activity the health council can take to improve the health of Rio Arriba
residents as it will both improve eating habits and improve Rio Arriba’s economy at the same time.

Contact Person

Lauren Reichelt, President
(505) 753-3143 w; (505) 929-2589 m
Imreichelt@rio-arriba.org
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Additional Information

Two cﬁ?ldren from Santa Clara Pueblo participating in a Rﬁn-WaIk-Ride from Santa Clara to the proposed new site of ECM to
draw attention to the benefits of eating locally grown food.

An artist works on a mural painted by children at the site of the food cooler. The mural depicts local farmers at work and is
funded by the Northern Rio Arriba Heritage District. It is one of three murals located at the future site of ECM.
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A volunteer checks out a customer at ECM.
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Children help prepare a meal using ECM produce for their parents at ECM Healthy Snack Night at La Tierra Middle School. The
night is part of an effort to market local foods to individual consumers in Rio Arriba.
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-1477 Project 6: Enhancing Hops Production in New Mexico, Final
Report

Project Summary

Hops (Humulus lupulus L) are used to provide bitterness and aroma to beer. Ratios of a-to B-acids and
of the various essential oils form important hops and ultimately craft beer quality indices. Demand for
organically produced hops have received attention by regional craft brewers, home brewers, and
medicinal herb companies. The trend fits into a larger interest in local food production models. Since
2008, 13 commercial cultivars and several unreleased neomexicana crosses made by Todd Bates of
Embudo, New Mexico, have been under horticultural trial at the NMSU Agricultural Science Center in
Farmington. The later “New Mexico hops” could figure into a specialized niche market. This proposal
seeks to further explore feasibility of growing and marketing hops in New Mexico. Main objectives are to
1) expand cultivar evaluations at Farmington and establish a new replicated plot in Las Cruces or Los
Lunas, 2) characterize hop cone chemistry of all entries, 3) undertake a more thorough
economic/market analysis of producing hops in New Mexico, and conduct an intensive one- to two-day
workshop on the opportunities and challenges of small-scale hop production in New Mexico. This
proposal fits into the objectives of the NMDA Specialty Crop program of examining potentially new
specialty crops.

Background

Hops (Humulus lupulus L), used to provide bittering and aroma to beer, are perennial bines reaching
up to 18 to 20 feet in a single season. A trellis supports growth. The cones of the female plant are
harvested and the bitterness comes from a-and B-acids, phenolic-like compounds. Essential oils provide
the overall hop presence and hop aroma. Ratios of a-to B-acids and of the various essential oils form
important hops quality indices. The characteristics of hops, like grapes, depend on the growing location.
Market volatility in 2008-2009 fueled initial interest in locally grown hops. The Farmington hops trial was
established in 2009 with support from NMDA ($5,000). Although hops cone prices have since stabilized,
regional interest remains high.

United States craft brewing realized $14.3 billion in retail sales in 2013 (20% growth in sales over 2012)
(Brewers Association, 2014). The Pacific Northwest still dominates U.S. hop production and processing
with Washington State (e.g. Yakima Valley), producing 79% of the hop crop followed by Oregon and
Idaho. Total value of the U.S. hop crop among these three states was $249 million in 2013 (USDA, 2013).
Hop strobiles are borne annually on 6 m (20 ft.) tall bines (twining stems) that originate from long-lived
perennial rhizomes (underground stems). Hop bines require extensive trellising systems and labor
intensive thinning and training management to increase bine vigor and hop cone yield. Hops are easily
propagated asexually (to produce clones) by rhizomes which are used to multiply hop-yards of uniform
growth, strobile harvest date, yield and chemistry.

New Mexico and Regional Brewing and Hops Production

With an interest in “buy local” campaigns supporting regional agriculture (e.g. New Mexico-Grown with
Tradition® and Colorado Proud™). New Mexico and Colorado craft brewers may be interested in
purchasing their hops from a local grower as evidenced from recent workshops conducted in
Farmington NM and Durango, CO (Rodebaugh, 2013). Previous research at the NMSU-ASC Farmington
indicates that some standard hop cultivars grow well in Northern NM, even possessing certain terroir
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characteristics. For instance, in Farmington, NM, ‘Cascade’ attained 9.8% alpha acids and 6.1% beta-
acids, higher than values reported in the literature for the same cultivar (ten year range: 5.1t0 8.5 %
alpha; ten year range 4.0 to 6.6% beta) when grown in the Pacific Northwest (Freshops, 2014; Lombard,

Acharya, Thomas, & McCarver, 2014). Additionally, hop-yards of New Mexico native H. humulus var.
neomexicanus are being viewed by some growers as a value added cultivar which could be branded to
produce craft beer specific to the southwest region (Geiling, 2014; Merchant, 2013). There are about 40
commercial breweries listed statewide on the New Mexico Brewers Guild webpage. Most are clustered
in and around Albuquerque and Santa Fe.

Justification for Research

Barriers to small-scale commercial hops production in New Mexico include: 1) limited knowledge on
cultivar adaptability across New Mexico growing conditions, 2) limited mechanization of key labor
intensive processes such as picking, 3) limited direct marketing schemes for locally produced hops in the
state, and 4) limited educational opportunities for New Mexico producers to gain more knowledge on
the crop (NEED).

Goals and Objectives
This project originally attempted to:

e Continue to evaluate the agronomic potential of cultivars with the greatest marketability under
high elevation and calcareous soil conditions in Farmington. Replicate the trial to lower latitudes
in Las Cruces or Los Lunas. Evaluate hops on a low trellis system.

e Determine hop cone chemistry (resins and essential oils) under New Mexico environmental
conditions.

e Determine comprehensive economics on developing production and post-harvest systems for
hops for multiple markets including commercial craft breweries, home brew supply, and
medicinal use outlets (e.g. herbal extract companies).

e Educate growers on opportunities and challenges to hops production.

Project Approach

Original Approach Evaluate agronomics and economics of hops (2012-2013):
e An existing study is located at the NMSU ASC at Farmington (lat. 36° 41’ 0” N; long. 108° 18’ 36”
W; elevation 5,640 ft.) and will be expanded to include ten additional cultivars. New Mexico
native hops and cultivars requested by regional craft brewers will receive priority in planting.
e Ascaled-down replicated trial was installed in Las Cruces at a private farm (Spring/Summer
2013).
e Analyze cost of production and processing and determine overall market opportunities and
constraints experienced in New Mexico (Fall 2012-Summer 2013).
¢ Conduct a field day to demonstrate production (Summer 2013; Farmington).
¢ Conduct a one-day intensive workshop on hops production (Summer 2013, Farmington).
Dr. Ron Godin (Colorado State University) will assist. Godin conducted a hops workshop in
Grand Junction, CO, in February 2012 with about one hundred in attendance. A basic online tutorial
(similar to one produced by the PI http://aces.nmsu.edu/southwestherbs/) will ensure sustainability of
educational outreach after the grant has ended.
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Expanded Approach:
e Conduct brewer’s perception survey to identify market needs and constraints for locally
produced hops.
e Conduct virus testing of established research plots.
e Expand workshops in partnership with Fort Lewis Colorado.

Goals and Outcomes Achieved (by quarter)

First Quarter 1 (November 2012-December 2012)

Funds were released in November 2012. Gear up-included beginning to contact potential guest speakers
for a July workshop, plan future research plot expansion, and hire a staff person to assist with proposed
activities.

Second Quarter 1 (Jan. 2013 — March 2013)

During the reporting period we focused on soliciting guest speakers for the July 2013 workshop. We also
ordered certified disease-free tissue culture grown plantlets from Summit Labs (Ft. Collins, CO).
Although more expensive than traditional rhizomes used to plant-out new fields, reports indicating that
rhizomes were increasingly being shipped infected with stunt-viruses dictated the need to acquire these
certified disease-free plantlets. The shipping date for these plantlets was set for June 2013.

Third Quarter 1 (April 2013 —June 2013)

The reporting period saw field activities associated with care and evaluating older hop research plots.
Research activities included evaluating plots for chlorosis (yellow of leaves) thought to be associated
with iron nutrition and alkaline soils. Foliar analysis used a Minolta SPAD 502 meter to evaluate leaf
color. Soil samples were also taken to evaluate soil fertility and chemistry.

Workshop planning continued to escalate. Guest speakers were confirmed. Much effort was devoted to
the handling of forms required by New Mexico State University for speaker remittance. The venue,
Three Rivers Brewery banquet hall, was secured and logistics finalized.

On June 20, 2013, a new research plot consisting of 9 certified disease-free cultivars was established.
The plot was planted in four rows with nine cultivars replicated six times. Drip irrigation lines with 1 gal
per hour emitters provided irrigation water. Plants were allowed to grow without trellising for
establishment purposes. A similar study of smaller scope was planted in Las Cruces the following week
to evaluate hop performance under southern New Mexico conditions.

On June 27, 2013, the Pl visited with Hop Union representatives in Yakima, WA. Greater than 90% of the
hop production is in the Pacific Northwest, including Yakima, WA. The trip included field and postharvest
tours and was very informative as it pertained to traditional hop growing and processing. The trip
greatly helped to inform literature reviews of alternative marketing strategies and post-harvest
approaches for non-traditional, small-scale production being conducted in other portions of the U.S
(outside of the Pacific Northwest) such as Colorado, New England and North Carolina.

Fourth Quarter 1 (July 2013- Sept. 2013)

July 12-13, 2013 workshop entitled “WHAT’s HOP'N: A Symposium on hops (Humulus sp.)
production and marketing in the Four Corners Region and New Mexico” was conducted. July 12
consisted of all-day presentations on marketing and producing hops. Specifically: 1) understanding
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brewer’s needs and realities (panel discussion by representatives from home-brew supply, small-scale
and large-scale craft brewers), hops production and marketing in Colorado, the New England hops
experience, New Mexico hops production research updates, economic forecast for hops production in
New Mexico and Colorado, New Mexico Native hops production, small-scale hops production lessons.
Ample time was built into the program to allow for networking. A member of the NMSU Agricultural
Communications Department audiotaped all speaker presentations.

About 40 participants attended. The workshop also received state-wide media coverage through
television and newspaper print. The second day of the workshop consisted of a field-plot tour at the
New Mexico State University Agricultural Science Center at Farmington. The time was spent covering
hop cultivars and trellis construction and gave participants the opportunity to see actual field plots.
More networking-time was allocated and the workshop officially wrapped up by noon. The Three Rivers
Brewery banquet hall was fully equipped with audio visual equipment and leant well to the facilitation
of questions and networking opportunities for hop growers and brewers alike.

Field plot maintenance continued throughout the 2013 growing season. Older research plots were hand
harvested beginning in mid-August. Harvesting began in earnest in mid-August. Two staff and about 8
volunteers helped pick the initial flush of harvested plots. Lower yielding plots were hand harvested
intermittently between mid-August and mid- September by a research technician. Sub-samples of higher
performing cultivars were dried to about 25% moisture content and then shipped for hop cone chemical
analysis (Alpha Analytics, Yakima, WA).

A graduate student joined the research team to assist with literature research and economic data
analysis in August, 2013. She also began to contact state-wide breweries and one small-scale producer
for informal surveys on producer/brewer needs to help inform the conduct of a future elicitation survey
to be conducted winter 2014.

First Quarter 2 (Oct 2013- December 2013)

We continued to conduct literature research, conduct statistical analysis on agronomic data generated
during the 2013 growing season, build a trellis for 2013 planted hops, and interview craft brewers as
part of an economic analysis and continued needs assessment.

Literature research has involved assessing other U.S. regional approaches to hop production and
utilization. Because most of the hops production is located in the Pacific Northwest under large-scale
production methods, the models employed there do not apply to the more small-scale production
nature of producing hops in New Mexico. Other regional models under evaluation that are more
appropriate to New Mexico include the New England Hops Alliance, North Carolina model, Colorado
model and nano-brewing model. These models are being compiled into a more comprehensive report to
be submitted for peer review outlet (e.g. NMSU Research Report or journal article).

Continued agronomic assessment of existing research plots and construction of a new research plot.
We continued to assess research plots planted in 2008, 2009, and 2010 during the 2013 growing season
which begins in late April and ends mid-October. These established plots are generating useful
information that continue to inform this project and future projects. Data generated included chlorosis
evaluations using a handheld SPAD meter to measure plant response to high pH (alkaline) soil. We also
evaluated yield (fresh weight). Yields are generally trending downward due to the fact that older plots
have been treated under low-input, “organic” conditions or the possibility that older plots, established
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with rhizomes, may be inoculated with virus now commonly identified in hop rhizomes but received
little attention until recently. The plot established in 2013 was done so using certified virus free tissue
culture transplants. We began the process of trellis construction which involved purchasing steel pipe
poles, wire, and irrigation supplies.

We conducted a second interview of key influentials working in the New Mexico craft brewing industry
on November 22, 2013 in Albuquerque, NM. These interviews will inform the development of a

guestionnaire that will be sent to the entire New Mexico craft brewing industry and known producers
(mostly small-scale) to help guide our understanding of needs and interests related to hops.

The NMSU Hops webpage (http://aces.nmsu.edu/hch/hopsresearch.html) was developed to preserve
the July 12, 2013 workshop and field plot content for general public access. Analytics on number of
website hits were not tested in 2013 because the site was not publically launched January 2014.

Second Quarter 2 (Jan 2014 - March 2014)

New Mexico Brewers Perceptions Survey

We developed and pilot tested Brewers Perception survey based on interviews with key influential in
November-Dec 2013. Specific objectives of this study were to:

e Understand NM craft brewing industry (e.g. hop usage, barrels produced, varietal preference).

e Understand brewers’ perceptions and interests of locally grown hops.

¢ Understand expectations of NM brewers (e.g. hop price, consistency).

e Define opportunities (if any) for local hops production in New Mexico.

e Provide farmers informative data on NM Craft brewers’ demands and expectations.

Additional Hops Workshops

The Pl presented “Brewers’ Realities” at the spring 2014 Hops Workshop hosted by Fort Lewis College
(Durango, CO). The presentation focused on comparing large-scale conventional hop farming with small-
scale production and what craft brewers expect in terms of hop cone chemistry and purchase price. The
presentation also gave an overview of the hop variety trial being conducted in Farmington.
Approximately 40 persons attended the all-day event-mainly from southwest CO and northern NM.
Attendees were made up of commercial craft-brewers, home brewers, hobby farmers, and small-scale
producers.

Hops Virus Testing

With some momentum toward expanding hop cultivation, the question was raised as to whether
rhizomes imported into northwest NM and southwest CO between 2009 and 2013 were virus-free.
During the winter of 2014, hop rhizomes were collected from research plots in Farmington and
Hesperus, CO and tested at the NMSU Plant Diagnostic Clinic for the presence of Apple mosaic virus
(ApMV), American hop latent virus (AHLV), Strawberry latent ringspot virus (SLRSV), Tobacco necrosis
virus (TNV) and Arabis mosaic virus (ArMV). In one study established in 2008 at the NMSU-ASC
Farmington with non-certified virus free material, 50% of ‘Cascade’ entries tested positive for ApMV and
17% were co-infected with ApMV and AHLV. Strawberry latent ringspot virus, Tobacco necrosis virus or
Arabis mosaic virus were absent in tested rhizomes. Certified virus-free (planted in 2013) and H.
humulus var. neomexicanus entries were virus-free of the five viruses we tested for. Establishing
hopyards in New Mexico and Colorado with certified virus-free rhizomes or plantlets is critical to avoid
the risk of reduced yields and viral transmission into unaffected hop plantings. Plots infected were culled
out during the summer 2014.
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Third Quarter 2 (April 2014 - June 2014)

New Mexico Brewers Perceptions Survey

We launched the Brewers Perception survey via Survey Console (an online service). The survey was sent
out to all commercial craft brewers listed in the New Mexico Brewers Guild. Key components of the
survey were:

Production and hop usage information to identify market trends and how New Mexico’s craft
brewing industry compares to the national craft-brewing industry. Respondents were divided into
categories based on total number of barrels produced per year in order to find market trends.
Distribution information was also gathered to identify trends between production and distribution
method.

Hop cultivar usage, amounts, and desired cultivars: the survey gathered hop cultivars currently used,
with corresponding volume and desired cultivars among respondents. The data could direct growers
into choosing cultivars popular and desired among brewers, as well as, provide an idea of how many
kilograms per year brewers are using of each cultivar. The survey indicated the top five hop cultivars
currently used by NMBG respondents and most desired hop cultivars. We compared said top five
cultivars with the top performing hop cultivars grown at New Mexico State University Agricultural
Science Center at Farmington. The usage data was also compared to national cultivar trends.

Hop source, hop form, and equipment design: the survey gathered source information to
understand where respondents obtain their hop supply. Since hop production is centralized in the
Pacific Northwest, it’s fair to assume the brokers are located in the same region. The survey also
gathered the form of hops respondents use: wet/fresh, whole/(dried) baled, and/or pellets.
Depending on what form of hops is being used relates to a respondent’s equipment design. For local
hop producers, pelletizing is expensive, thus the survey asked if respondents were willing to modify
their equipment to brew with non-pellet forms.

Price points and long-term contracts: The survey gathered information pertaining to price points in
which brewers would expect from a local NM hop producer. Criterion for the price points was
adopted from an unpublished jalapeno pepper consumption survey provided by a team member of
this study. Respondents were asked to choose the following: would not buy, would purchase at a
10% premium, would purchase at a 5% premium, would purchase the same price as conventional,
would purchase at a 5% discount, and would purchase at a 10% discount. This information could
help growers calculate a profit margin to determine their own feasibility of hops production.
Perceptions and interests: The survey asked perception- type questions to indicate themes among
respondents in regards to collaboration between local growers and brewers. Local hops production
cannot be sustainable without the support of a market. Growers need to understand the market and
its needs/desires before investing in a costly operation like hops production.

Additionally, the survey asked local perception-type questions to validate a need for continual
research on the cultivation of hops as a specialty crop in New Mexico.

The final question of the survey instrument asked respondents if any other food commodity groups
are used to enhance their beer, and if so, to list the items. Growers interested in

polyculture farms could incorporate other crops used in beer to expand their operations and
increase their profit.

We received New Mexico State University (NMSU) IRB approval June 2, 2014 and IRB modification
requests were submitted on June 6, 2014 and on June 11, 2014 after participants alerted the survey
team of mistakes.
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Preliminary results indicate:
¢ Most New Mexico brewers contract with large hop suppliers in PNW (e.g. Hop Union), but are
somewhat interested in test-brewing with hops grown in New Mexico as long as the price
remains the same.
e ‘Cascade’ is one of the most commonly used and desired hop cultivars by New Mexico brewers.
‘Cascade’ produces acceptable cone chemistry and yield in New Mexico.
* H. lupulus var. neomexicanus may have a potential niche market for New Mexico branded
beer.
e Appropriately scaled picking, drying, and processing equipment is lacking in New Mexico and
needs further investigation.
Full results will be peer review published during the winter 2015.

NMSU-ASC Farmington Hops Trellis Retrofit and Equipment Fabrication

Because hops grow up to 20 ft. in height and the original trellis was established at about 12 ft., we
retrofitted the experimental plot trellis to correspond with standard trellis height. Retrofitting involved
welding additional pole lengths onto existing trellising and adding additional cabling for support. A
mobile scaffolding trailer was also fabricated in order to perform training and harvesting operations on
the expanded trellis (Figure 1).

Figure 1. NMSU-ASCFarmingtn experimental hopyard trellis retrofit and equipment
fabrication Spring/Summer 2014.

Fourth Quarter 2 (July 2014- September 2014)

Plot harvesting and hop cone chemistry

Plots were harvested beginning mid-August and ending about mid-September. Yield data will be
analyzed during the winter 2014-2015. Hop cone chemistry was undertaken at Alpha Analytics (Yakima,
WA). Results (Table 1) of selected cultivars indicate varied alpha (bittering) and aroma profile with good
storability (having been previously dried to about 25% moisture content and vacuum sealed before
being shipped for analysis).
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Table 1. Select cultivar hop cone chemistry.

oil

Sample ID % Alpha-acids | % Beta-acids | HSI LA

M107* 3.1 5.1 | 0.263 0.52
R1107* 1.6 5.3 | 0.244 0.47
Nugget 13.8 4.1 | 0.245 1.22
CTz 13.7 48| 0.231 0.55
Teamaker -0.1 11.8 | 0.179 0.35
Vangard 4.1 54| 0.226 0.17
Chinook 12.4 3.5 | 0.236 0.73
Centennial 7.4 29| 0.253 0.65
Crystal 4.9 5.6 | 0.215 0.66
Cascade 7.3 5.7 | 0.217 0.4
Willamette 3.7 23| 0.271 0.32

*H. lupulus var. neomexicanus

First Quarter 3 (Oct 2014- December 2014)
Efforts are focused at finalizing data analysis and publishing results of the Brewers Perception survey.

Beneficiaries

Craft brewers in New Mexico and Southwest Colorado who have helped supply information about their
needs and interests in purchasing locally produced hops. The 30+ commercial breweries in New Mexico
will benefit from the research results as it pertains to hop cultivar cone chemistry and market channel
realities.

Producers: We retrofitted our research trellis to reflect commercial hop growing realities (need for taller
trellis). We introduced certified virus-free rhizomes and tested older plots for virus infection to raise
awareness about the detriments of infected hop-yards. We conducted a series of field days and
workshops (many unfunded) to increase awareness of hop production realities and opportunities. We
continued to evaluate new varieties including H. lupulus neomexicanus. The chemical profiles of these
cultivars will aid growers and brewers in hop selections for brewery needs. Craft brewers survey results
will aid growers in determining market needs of artisanal beer production systems.

Lessons Learned

Due to the seasonality of the growing season (May-October), agronomic evaluations were not
undertaken until the summer of 2013. A new research plot was not planted until late June 2013 until
after the arrival of disease-free hop tissue cultured plantlets. Most of the data analysis was therefore
delayed until fall/winter 2013. Due to these delays, we requested a one-year no-cost extension which
was granted.

The smaller hop trial located in Las Cruces failed, we speculate, because of the extreme heat and lack of
oversight by the grower we contracted to work with. Future studies in Las Cruces should be located on
one of the NMSU experimental farms and additional funding needs requested to support a technician in
southern NM. The Pl acknowledged that the funding for this project simply could not support this
reality.
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After a visit to the Yakima WA area during the summer of 2013, the Pl realized the extent and scope of
the Pacific Northwest crop. The Pl acknowledges that additional funding should support the
development and importation of small-scale equipment appropriate for growers outside of large-scale
growing operations located in the Pacific Northwest should hops production interest increase in NM.
This barrier alone should be a priority for future work.

While the Brewers Survey (once published) will offer insight into marketing needs of craft brewers in
New Mexico, the economic analysis (a goal not achieved) is lagging. We need to double our efforts and
combine the marketing data with economic data in 2015. A graduate student would be helpful for this
task.

We exceeded our expectations on workshops (at least three workshops and two field days). Much of
this was not funded by this grant but had shared objectives.

We retrofitted our trellis and fabricated scaffolding (partially funded) in an effort to move toward better
managing our experimental hop-yard.

We continue to work with partners to expand research activities. Future needs are primarily marketing
and small-scale equipment. Future research efforts will expand into malted barley in order to take a
more comprehensive view of craft brewing needs in NM.

We thank the NMDA and USDA for generously funding this program and assisting us with questions
along the way.

Contact Information
Kevin A. Lombard
505-960-7757
klombard@nmsu.edu

Additional Information

Published Articles, Abstracts and Articles Appearing in Popular Press:

Lombard, Kevin A., Beth LaShell, Franklin J. Thomas, Jason French and, and Todd Bates. 2014. Hops virus
testing: Significance and implications for establishing hop production in New Mexico and Southwest
Colorado. NMSU Cooperative Extension Service, College of Agricultural, Consumer and Environmental
Sciences (In Press).

Lombard, K.A., K. McCarver, F.J. Thomas, R. Acharya, T. Bates. 2014. What’s Hop’pening in Northwest New
Mexico? Hops (Humulus lupulus) trials summary 2009 to 2014. American Society for Horticultural Sciences.
July 28-30, 2014. Orlando, FL. HortScience 49(9):5318-319 (Abstr.).

Rodebaugh, Dale. 2013. Braving the cold to learn more about what makes hops tick. Oct. 12, 2013. Durango
Herald. Url: http://www.durangoherald.com/article/20131012/NEWS01/131019821/-/News01/Braving-
thecold-to-learn-more-about-what-makes-hops-tick

McElroy, Ashley. 2013. Farmington farmers experimenting with growing hops. July 13, 2013. Featuring work

with hops and hops workshop hosted in Farmington, NM. KOB Eyewitness News 4 hops.
Url:http://www.kob.com/article/stories/s3096438.shtml
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Rodebaugh, Dale. 2013. Time to hop to it? July 11, 2013. Durango Herald.

Moorman, Jane. 2013. NMSU to host alternative crop workshop. The Deming Headlight and other
newspapers. June 6, 2013. Url: http://www.demingheadlight.com/ci_23406636/nmsu-host-alternative-
cropworkshop?source=most_viewed. Featuring hops and an upcoming workshop hosted July 12 and 13 in
Farmington, NM.

In Preparation:

Winter 2014-2015: Finalize a comprehensive study report to be submitted winter 2015 to peer reviewed
NMSU Research/Cooperative Extension report and/or journal article. This will include an economic and
marketing analysis through survey of the craft brewing industry of New Mexico, field plot data, and literature
review.
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-1477 Project 7: Fresh Market Green Chile Market Development and
Promotion, Final Report

Project Summary

The initial purpose for this project was to increase market share of New Mexico Green Chile and
ultimately create a new demand for consumers seeking new tastes and culinary applications. The
incorporation of new and different marketing strategies was critical in capturing new markets. The
project was a continuation of the 2012 SCBG New Mexico Green Chile Promotion project. It was also an
extension of continued market development into targeted markets and expansion directed at gourmet
food purveyors.

Project Approach
Technical assistance and educational seminars were provided in efforts to maximize targeted markets
effectively. Chile Boot Camp 101 provided retailers historical data, common misconceptions of green
chile, event planning, roasting and preparation strategies, cross merchandising, promotional materials,
and education outreach for consumers. Proper training and education of store personnel conducting
demonstrations was an integral component in establishing a one-on-one connection with the consumer.
A total of 11 Chile Boot Camp 101 trainings were performed. These events occurred in:

e Seattle, WA

e lLas Vegas, NV

e Atlanta, GA

e Los Angeles, CA

e San Antonio, TX

o Newark, NJ

e Pittsburg, PA

e Columbus, OH

e Houston, TX

e Dallas, TX

e Des Moines, IA

The promotions were conducted at Kroger, Smith’s, Fareway, Wakefern, Fresh Market, Whole Foods
Grocer, and Frieda’s distribution. These chain stores represented at least 90 stores. Alumni Events were
performed in:

e Annapolis, MD

e Alexandria, VA

e San Francisco, CA

e San Diego, CA

e Phoenix, AZ

e Atlanta, GA

In addition, one restaurant/alumni event was performed in Austin, TX. Education outreach was also
expanded in the form of our “Get your Fix” DVD’s which provided consumers with chile roasting
instructions and green chile recipes. NMDA also provided support to NM shippers with point of
purchase materials that included “Get Your Fix” caps. These caps were worn by store personnel during
the chile season.
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Goals and Outcomes Achieved

The Green Chile promotion had a desired impact on industry. With an increase in market expansion and
an increase in the number of stores, processors and producers were positively impacted. Even though
the target of gourmet restaurants was not met, the one event that occurred in Austin, TX was deemed
very successful.

The nine new regional markets created was well beyond the target mark of four. Ultimately over 90
stores throughout various regions invested and participated in the New Mexico Green Chile Promotions
surpassing our target of 24 stores. Through marketing strategies taught by NMDA via Chile Boot Camp
101, the new markets will ultimately increase demand and future sales for seasons to come.

The establishment of Alumni events proved to be very successful. The six alumni events surpassed the
target mark of three and continues to be a high demand event. The alumni event allows ex-New
Mexicans the opportunity to feel at home and purchase chile. Reuniting with former classmates and
roasting chile makes for a popular event that attracts not only former New Mexicans but new interested
buyers. These popular events are greatly appreciated by alumni and prospective customers throughout
the United States.

Beneficiaries
The rise of new markets and higher demand has resulted in a substantial growth of annual retail sales,
positively impacting the chile producer, processor, and retailer.

These events have created a win/win situation where New Mexico alumni offices can provide their
membership with sources for New Mexico green chile and the participating stores benefit from not only
the immediate sales, but the opportunity to gain the ex-pats as regular customers as well.

Lessons Learned

The project had positive results. As expected, the green chile is a gourmet product that grows business.
As a result of our boot camp trainings, committed retail stores took advantage of the opportunity and
increased storewide profits tremendously.

The primary lead for the project retired in 2014 resulting in a few constraints that led to a couple of
cancellations. Several trainings and promotions that had been scheduled due to short notice and
personnel resources, were cancelled and rescheduled for 2015.

NMDA staff regrouped and added a new marketing specialist to become the new lead for this project.

Contact

Juan Sanchez
575-646-4929
jsanchez@nmda.nmsu.edu
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-1477 Project 8: Landrace Chiles: Protecting and Maintaining Part of
New Mexico’s Heritage, Final Report

Project Summary

This project was developed to support the production of NM landrace chiles (Capsicum annuum). These
uniquely New Mexican specialty crops were developed through many generations of selection by
farming families in northern New Mexico and are recognized by consumers for their excellent quality.
While these varieties are genetically distinct from commercial chile cultivars, there is evidence that
cross-pollination has occurred between the landrace chiles and commercial cultivars, potentially
threatening the distinction of these varieties. This project provided training and materials needed for
growers to maintain and improve the genetic purity of their chile lines and produce high quality seed. In
additional, data was generated to categorizing and describe the different chile landraces. This
information will be compiled in an Extension bulletin that will be available for use by growers in
publicizing and selling their chile products.

Project Approach

A training curriculum was developed on basic chile breeding and seed production.

This information was presented at three workshops in three different counties selected because
landrace chile cultivars are grown in these areas. The project was carried out through a partnership with
the Extension Agents in the targeted counties including: Tony Valdez, Taos County; Patrick Torres; Santa
Fe County; and Newt McCarty, Valencia County. Each county Agent provided a meeting space to hold
the training, as well as publicizing the events to the targeted clientele in their counties. The Taos
Workshop was presented on May 21, 2013 from 6-8pm at the Taos County Extension office, 202
Chamisa Rd, Taos, NM; the Santa Fe Workshop was presented on May 23, 2013 from 6-8pm at the Santa
Fe County Extension office, 3229 Rodeo Rd, Santa Fe, NM; and the Los Lunas Workshop was presented
on August 28, 2013 from 6-8pm at the Valencia County Extension office, 1036 Miller Rd.

In addition, personnel from the New Mexico State University Los Lunas Agricultural Science Research
Center assisted with the project by hosting the NM Landrace Chile Field Demonstration and the
replicated field trails. The Landrace Chile Field Day was conducted on August 29, 2013. Participants in
the three trainings, as well as the general public, were invited to attend this event. Participants were
shown the different aspects of the different landrace chile varieties, as well as instances were genetic
non-uniformity was apparent. Participants were also encouraged to sample and comment on fruit from
the different entries.

The replicated trials conducted under this project consisted of a randomized complete block design with
three replications of the following NM Landrace Chiles: Alcalde, Casados Native, Chimayo, Cochiti
Pueblo, Econdida, Isleta Pueblo, Jarales, Jemez Pueblo, Puerta de Luna, San Felipe Pueblo (2 lines), San
Juan Pueblo ‘Tsile’, Santo Domingo Pueblo, Velarde, and Zia Pueblo.

Seed was planted in the greenhouse, and then transplanted to the field at the Los Lunas Ag. Sci.
Research Center on May 9, 2013. The two key quality parameters of red chile, heat and extractable
pigment, were analyzed. Heat level (SHU) was tested by high-performance liquid chromatography
(HPLC), and extractable pigment (ASTA) through the American Spice Trade Association’s method 20.1.
Fruit size and pericarp thickness were also measured. This data was combined with information
obtained from yield trials performed in 2011 and 2012 to add fresh and dried weight yield compared to
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the commercial chile cultivars ‘NuMex Big Jim’, ‘NuMex 6-4’ and ‘NuMex Sandia’. Although analytical
analysis of flavor was out of the scope of this project, participants (18 attendees- many individuals who
had expressed an interest in attending did not, likely in large part because of the distance to Los Lunas)
of the field day were encouraged to sample the different chile lines and provide feedback. Not
surprisingly, the flavor of the landrace chiles was generally preferred to that of the commercial cultivars.

Goals and Outcomes Achieved

The three workshops were completed with approximately 12-15 participants at each session.
Participants in the workshops had an increase in knowledge from a pre-test score of 53.9% to a post-test
score of 74.0%.

Plant and fruit characteristic data was collected from the 2013 landrace variety trial, although laboratory
results are still in process. Information obtained is currently being compiled into a

Cooperative Extension Bulletin. Once completed, this information will be provided to targeted counties
to aid in consumer awareness of the landrace chiles. Long term impacts, including production of
genetically uniform, high quality landrace chile seed and greater awareness of these cultivars by
consumers is anticipated, but would need to be assessed in future seasons.

Recommendations to growers include: The NM landrace chiles tend to be higher in pungency than the
commercial chile cultivars analyzed, with the exception on ‘NuMex Sandia’. While high pungency is not
necessarily bad, the landraces were also much more variable in their pungency compared to the
commercial cultivars. The trait may not be acceptable to customer; most would like to know whether
they are purchasing a mild, medium or hot product. Several of the landrace chile varieties also
expressed noticeable fruit phonotypic variation. Another important finding involved the harvested yield.
Conventional wisdom in NM dictates that the landrace chiles have a much lower yield than the
commercial varieties. While this was true of fresh weight, several of the landraces provided dry weight
yield equivalent to the commercial cultivars. For red chile production, dry weight yield is the critical
parameter for crop profitability.

The landrace chiles have great potential to increase in value as a specialty crop for northern New
Mexican growers. They represent a unique product that already enjoys a reputation for great taste.
However, additional efforts must be employed to work with the germplasm to achieve more consistent
heat level, profitable dry yield, and fruit consistency without sacrificing flavor. By improving the genetic
purity of the seed, particularly if accompanied by a marketing project, commercial demand could be
expected to increase. The landrace chiles could provide increased income to growers in northern NM.

Beneficiaries

The participants in the training workshop showed an increase in knowledge regarding protocols for
uniform seed production of landrace chile cultivars, as well as basic information on saving seeds from
other vegetable crops. However, the long-term beneficiaries will include consumers and enthusiasts of
landrace chile, and ultimately, the families and communities who produce and protect the landrace
chiles.

Lessons Learned
We anticipated that it would be challenging to get a large number of target participants to the trainings.
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This goal was greatly bolstered through the collaboration with the county Agents. We met our target
minimum of 10 participants at each training, however we know that many individuals who grow and
save seed from landrace chile cultivars were not able or interested in attending. A key benefit of this
program was to initiate and increase understanding in landrace chile seed protection efforts. The
program raised awareness that genetic mixing has been a problem, as well as the great diversity in
landrace chile cultivars available.

Originally we had planned to grow our landrace chile cultivar variety trial at a participating grower’s
field. We found that due to economic circumstances and lack of water availability, the grower could not
produce chile in 2013. We relocated the variety trial to the Los Lunas Agriculture Science Center,
however the issue points to the dire straits of the long-time farming families in northern New Mexico.
Crops that have been grown for hundreds of years, and that are unique to communities and families are
in imminent danger of being lost as families cease growing crops.

Finally, it became clear from interactions during the workshops and field day that much more work in
seed saving education needs to be done. Participants wished to learn more, and expressed a desire in
expanded efforts in seed saving as part of the growing trend of locally grown, quality produce. Two
counties in particular have indicated interest in beginning ‘seed libraries’, where growers can procure
seed, but then also contribute part of their seed harvest back to the library. While the overall concept of
a seed library is worthy, if seed is collected from plants in which purity is not enforced, the material in
the seed library may soon become worthless. Protocols from vegetable to vegetable type vary greatly;
more in-depth training is needed for landrace chiles but also other vegetables.

Contact Person
Dr. Stephanie Walker, Phone: (575) 646-4398, Email: swalker@nmsu.edu
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-1477 Project 1: Promoting New Mexico Processors and Growers of Specialty Crops to the Food and
Beverage Industry

International Pizza
Expo, Las Vegas, NV.

2015.
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Orleans, etk e Brandade, Redfish
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Shamrock Food
Service Event
promoting New
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Summer 2015,
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November 22-23

Food grown in
New Mexico is
showcased at this
first-time event
as vendors from
around the state
will sell their
products as the
gift-giving season
approaches. The
Museum is
partnering with
the New
Mexico Department
of Agriculture and
the state’s growers
to offer great
products to buy,
sample, as well
as cooking
demonstrations
book signing and
much more.
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New Mexcio-Produced Food Featured This Weekend

Lamb from Talus Wind Ranch, Galisteo
Bison from Taos Pueblo
Green chile, Hatch
Red chile, Chimayo
Pecans from NM Pecan Company, Las Cruces
Goat cheese from Old Windmill Dairy, Estancia
Asadero cheese from F & A Dairy, Las Cruces
Goat cheese/feta from Tucumcari Cheese
Corn from Schwebach Farm, Moriarty
Raspberries from Heidi’s Raspberries, Corrales
Assorted greens and garlic from El Bosque Garlic Farm, Dixon
Tomatoes from Valentina’s farm, Fairview
Varlous fruits and vegetables from the Santa Fe Farmers Market
Potatoes, beans and flour from Navajo Pride, Farmington

Wines from St. Clair, Gruet, Vivac
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SUNDAY, SEPTEMBER 14

TIME EVENT LOCATION
0:00 AM - 4:00 PM Museum Hill
FUZE.SW MarketPlace
This free-to-the-public, day- iy foad event is Srought to you by FUZC.SW and
Delicious New Mexico. Vendors will offer tastes of and szl New Maxico yrow, produced,
and prepared londs, lrom jams to empanadas. Fnjoy Kative American dance peformarces
caeking demenstrations, caokbook signings, 2 areer chile roast, tours of the Santa Fe
atanical Garden, “zod trucks, and mare actvities thal everyone will relish.
Other partners izclude with Kids, 2d Depot, Georgia 0 Kezfle Museum.
and Nalive Sesds/ SEARCH
Chef fuzn José Bochenski Jenner Fresn ez Paul Marg Jasan Silverman
Stephaniz Cameroa Dody Fugate Maija Martin Simon Charitable Foundatien,
Steven K. Siman anc Eear hash
Chef James Camzbell Car:so Weldon Fulton Candace Tzngarra Matel'c i e
ofin Stzffosd
Lyon Cline Honey Harris Maxine McBrinn R
L Togehenso
Chef Andrew Cooper walional Folk AL Foundation  Doug Patinka R
Doris Vald
RoseMary Diaz Irational Fie Ear! Patier L
Jodi Vewoda
Arna Farrier Tom Irelznd Vicki Pazzehon n
Canzace Wls!
Carzy Ficler Cheryl Allers Jamisor Bob Ross ce el
Chef Walte Vhi
Darien Flores Pax Lzhman Uaniel Cuat Aol e
Janey Timmer
Chef Lais Ellen Frank Shirley Lujan Sance e Art nstituie Bl
Deborah Mazisun Santa 7 Indian 3chool
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REPORT ON FUZE.SW 2014

The inaugural FUZESW, held in late fall 2013, was conceived 1o enhance the visibility of MOIFA's New
World Cuisine exhikition. It accomplished this abjective and was In itself an event &s smashing success.
The inaugural FUZE parlayed Santa Feans fascination with foed inte new audiences fer the museum. This
covetails nicely with that has been called “the American food revelution” where beg nning the in 19502
allluent consumers developed a serious interest in food ard became mere discriminazing in their tastes.
{"The Shake Shack Economy,” Jan 26, The New Yorker, James Surowiecki).

FUZE.SW built astounding “mutually beneficial relationships” between MOIFA and MIAC, with new
publics, and with a growing list of other institutions and organizations {see below). FUZE.SW created
high-level, museum relazed content and engagec a passionate and supportive audience.

Important support came this year from the New Mexico Department of Agriculture providing New
Mexico grown and sourced food and beverage for FUZE.SW 2014 — greatly elevating the event anc
assuring significart national media exposure for FUZE.SW 2015, Amazingly for those of us who love our
chile, the leading national media food writers atlending this year had never tasted “true” New Mexico
focd - an excellent reascn for continuing our partnership with NIVIDA. Foed & Wine food editor Tina
Ujlaki said, “We’ve net covered New Mexico food and culture since the 80s. There's a lot happening
here and it’s Lime we turn our attention to New Mexico.” Margo True, senior ecilor of Sunset Magazine,
was equally astounded at the interrelation between culture and food in New Mexico. This year some
national media was received (see ast ed list below) and many others on the list assured us of both
their attendance in 2015 and with promised articles. Two things: Vedia attending in 2014 were
aitracted more by the “buzz” generated by the first FUZE.SW 2013. )

Three other small but telling developments from FUZE.SW 2014; attending were Dr. Sarah Wider, a
professor at Colgate University whese concentration is on Native American literature will bring a class of
12 students next year; renown food historian Perelope Bingham, an llliois Humanizies Council Road
Schotar, will bring a group from Chicago, and event panelist Dr. Thomas Antanio, an IAIA professor, said
that the school will send students in their Native agriculture program. Other participants have
committed to expandirg their partnership in 2015; Cooking with Kids by involving the students and
chefs in their program, and the Santa Fe Community College Culinary Program by cpening their four
kitchens to FUZE.SW chefs for hands-on cooking classes and demas.

Summary

The long-term plan for FUZE.SW is not the event itself, in isolation from its connection with DCA
divisions — which has the ingredients to remain a success (given the resources) — but Its ability to
favorably feature our multiple divisions and to use foods of New Mexico as the gateway to
understanding and appreciating our state's diverse cultures.

“Sitting at the Same Table” was the FUZE.SW 2014 theme ~ through our foods we can learn and
appreciate our shared cultures.

Native Peoples Magazine
New Mexico Magazine*
Media attending FUZE.SW 2014 New York Times®
Outside Magazine*
Sunset Magazine
Texas Monthly
SF New Mexican* / ABQ Journal* / SF Reporter*
/ Local Flavor® / Edible Santa Fe* / Edible Santa
Barbara

American Way Magazine
Cowhoys & Indians
Dallas Morning News
Food & Wine
Hemisphere’s Magazine*
LA Times

Native Foodways

Select FUZE.SW 2014 Media Coverage

The ABQ Journal
http:// i com/45702’ i .pt-12-14-off

tastings-and-more.html

Santa Fe New Mexican
http:// ican.com/life/tasts lights-fusion-between native.
ameri d- ican/article 6adfe574 81ad-50ce-9bag-272091805d8a.html

United Hemispheres Magazine
http://s i ine.com/2014/12/01/f;

Outside Magazine

http:// i Joutd Jth d-drink/Making-And-Eating-The-

Worlds-Greatest-Gri hile-Cl htm|

Green Fire Times
http://greenfiretimes.com/2014/10/fuze-sw-2014-food-folklore-festival/#.VIBu18t0z50

New York Times
http: blogs.nytimes.com/2014/08/01/: fe-food-festival-revels-in-the-regional/? r=0




New Mexico Magazine
http:// { 'tasting_nm ?p=1126

USA Today 10 Best Things To Do In September

http://s 10best. i fe/all, [tuze-sw/
Santa Fe Travelers
http:// Jfood food-folklore-f I-back/
UNM Program on Sustainability Studies
http://: unm. 2014/09/fuze-sw.htm!
The Literary Gardner

[/ i i/ food-folklore-i ta-fe-chocolate in chaco-
sunshine-and-what-we-ate/
I Am New Mexico
http://iamnm:.com/2p=245
The Christensen Fund

‘tasting nm_blog/ ?2p=1126

Eastern New Mexico State University
http:/, enmu. i ‘native-american, html

Albuguerque Business Journal
http: iz ing-edition/2014/08/new-cookbook features-nm-

restaurants-food.htm!

Santa Fe Radio Café

http:// i 2014/09/01/deborah-madison-carmella-padilla/
Yahoo News
http: vahoo.com/fall-previews-fall-2014-food-161526941.htm|

FUZE.SW 2014 PARTNERSHIPS

State Departments.

New Mexico Department of Agriculture

New Mexico Departmens of Tourism

New Mexico Department of Economic Development ~ Main Street Program

Department of Cultural Affairs ~ Divisions

Jemez Historic Site Office of Archacological Studies
Museum of Indian Arts and Culture Office of Historic Preservation
Museum of International Folk Art

Native Americans (Pueblos and Tribes)

Acoma, Cachiti, Laguna, Jemez, Pojoaque, Santa Clara, Santo Domingo, Tesuque; AND one Apache chef
from Arizona, one Kiowa from New Mexico, two Navajo {Diné) chefs from New Mexico, and a
Potawatomi Nation from Oklahoma.

Community

Center for Contemporary Arts

Cooking with Kids

Flowering Tree Permaculture Institute
The Food Depot, Georgia O'Keeffe Museun
1A1A

Indian Pueblo Cultural Center

La Montanita/The Co-Op

Museum of Indian Arts and Culture {DCA}
Museum of International Folk Art (DCA}
National Hispanic Cultural Center 's Voces
Program

Native American Culinary Association
Native Seeds/SEARCH

New Mexico State University

Northern Arizona State University

Office of the Mayor, City of Santa Fe
Santa Fe Convention and Visitors Bureau
Santa Fe Farmer’s Market

Santa Fe Art Institute

Santa Fe Botanical Garden

Santa Fe Community College

Santa Fe Convention and Visitors Bureau
Santa Fe Indian School

Simon Charitable Foundation / Street Food
Institute

Southwest Grassted Lifestock Alliance
T’Ohono O’dham Action Committee
University of New Mexico



Post event praise for FUZE.SW 2014

Steve: That was awesome of you to allow us to participate in FUZE. | hope we can keep building this
opportunity with FUZE. [ think if we collectively pool our talents, connecticns, vision culture and spirits,
we will do some incredible things for New Mexico! | look forward to working with you guys. Thanks
again Steve and Carncll. Rich Luarke, Governor of Laguna Puebla

And Steve!!! What fantastic organizers you are. WORLD CLASS!I! Tt

Dear, Dear Calliope!

¥
ONE noticed anything but how wonderful it all was. I'm just back at the hotel after a glass of
wine at Tracey Ryder's beautiful house with Betty Fussell and Beverly Cox....they, too, sing
the praises of your and Steve's work on this event. Keep it happenin'. It was a fabulous
event. Kudos to you and to Steve and all that made it so. Thank you to all for the great job
and wonderful experience! Sending smiles! Loretta Barret Oden, Chef, AuthorHi Steve- We
had an amazing time this weekend! Home run out of the park! Thanks for including us. Got
some great fodder for posts. Best, Billie Frank, Santa Fe Travelers

Hi Steve, Congratulations to you and all the members of the FUZE committee. T continue to hear
very positive feedback from the weekend events. The momentum is huilding for 2015.
Best, Jamie Clements, President/CEO - MNM Foundation

Hello Steve, | thought it a great conference, and it was especially interesting to see in terms of those
who don't know the Southwest and who were eating their first breakfast burrito ever, (like the editor of
Food and Wine.) They were really impressed and inspired, as was | and others who have lived here a
while. Fine tuning is always possible - but my goodness - it was really quite good!

Best, Deborah Madison, James Beard Award winning chef, author

Dear Steve, What a wonderful conference, thank you so much for including us! We met
terrific new people, reconnected with old friends and colleagues, ate well and gathered
much food for thought! Congratulations on a terrific event!

Mary Paganelli, Editor & Publisher, Native Foodways Magazine

Hi Steve, Thank you for making it so easy to be part of the FUZE Festival. | had a blast and felt well taken
care of the entire time.
Take care, Pat Shorpe, EXECUTIVE EDITOR / FOOD WRITER — Texas Monthly

Hi Steve, It was such a pleasure meeting you and I just can't thank you enough for inviting
me to participate at Fuze this year. The whole conference was so rich, so interesting, so
diverse, so thought-provoking, so compelling! It was by far the most interesting conference
I've been to in a long long time. I learned so much, and It was an honor to be a part of it. [
wish you a super good rest and post-Fuze recovery.

All best, Tina Ujlaki, Fxecutive Food Editor | Food & Wine

Dear Steve and Calliope, On behalf of all of us at Cooking with Kids- congratulations! WHAT an
incredible weekend! Thank you for your grace, hospitality, good humor--we all had such a good time. If
you're not tired of hearing this---FUZE.SW was a HUGE success! Thank you for allowing CWK to be part
of it. Hope you hoth are geiting some well-deserved R and Rl

With greot edmiration, Anna Farrier, Community Liaison, Cooking with Kids, inc.

Dear Steve, It was a pleasure and an honor to be included in the FUZE event this year.
Wonderful and inspiring presentations and a great group of participants, and very well run.
‘Fhank you so very much for your support and also for being so responsive about including
Laurie on the Native Livestock panel; she added much knowledge and a sense of humor!
We were both pleased with how it went, | hope you had good feedback.

Nancy Ranney, Ranney Ranch, Corona, New Mexico

Hi Steve, | just wanted to thank you for the chance to participate in FUZE last Friday. | enjoyed myself
immensely. If you da it again next year | would love to come... Maybe on something like the soup plate
and its integration into Pueblo pottery manufacture or the copying of Spanish decorative patterns an
Pucblo Pottery.... or something else. Itis a year off... | had never been to a food conference before. You
really hit the nail an the head with that event. With the foodie movement right now, you are capturing
something impressive. All the feedback | heard was great. In any event, thank you... thank you... thank
youl Matt Barbour, Site Manager, Jemez Historic Site

Steve, As usual, you sir, you scaled new heights in the Santa Fe food ~sphere with the 2014
FUZE event! Can't wait see the tinc-up for 2015!
John Sedlar, Chef, Eloise at the Drury Plaza, Santa Fe and Rivera in Los Angeles

Steve, | thoroughly enjoyed FUZE.SW 2014 and you are to be congratulated for all your hard wark in
making it a success. | made some great connections and found inspiration from many of the
presentations.

Regards, Tom

Thomas M. Antonio, Ph.D., Associate Professor and Science Coordinator, IAIA

Hi Steve - It was my pleasure to participate this year and hope to be asked back again. 'm
sure you will need time to catch up after all you and your team did to make the event a huge
success, so enjoy taking deeper breaths (at least for a little while)!

Cheers and thanks, Trucey Ryder, Co-founder, Edible Communities

Hello Steve, Thank you! It was a lot of fun to participate, interesting ciscussions, wide range of
presentations, great focd! | have to admit that | have done a lot of professional cenferences, but this
was she first time I've ever participated in something so di‘ferent and creative, You all ciid such an
incredible job of pulling together a diverse assemblzge cf people, kinds of presentations, and foodways.
It was very impressive. | Fope that you and your team have some time to relax, catch your breath, and
uawind... When you start gearing up for next year, just let me know what | czn do to help out. It was a

pleasure to play a small role in contributing to ing so well-organized and



Take a break.... Thanks again,
Lois Stanford, Professor of Anthropology, NMSU

Hi Steve, Thanks for all your hard work and careful maneuvering. It certainly paid off.
1 too hope there will be a FUZE 2015
Very best to you all, xxBetty Fussell

Steve, Thank you for the opportunity to participate in FUZE.SW 2014. | thoroughly enjoyed myself and
certainly was happy to renew old acquaintances and to meet new scholars and chefs. | found the
organization of FUZE was great and your staff was super. All in all | was very pleased to have been
invited.

Dick Ford, Professor Emeritus (Anthropology), University of Michigan

Thank you, Steve. I would be excited to hear about planning for a 2015 FUZE SW event. [
had a wonderful, delicious, and very thought provoking, experience.
Best regards, Lynda Prim, Conservation Farm Manager, Native Seeds/SEARCH

Hi Steve, |thought that this years FUZE was interesting, and very well organized. | had a great time, and
very much appreciated being included. Hope that our paths will cross again sometime soon. If you get
up our way, please let us know and plan to pay us a visit at the ranch.

Very best wishes, Beverly Cox, Native Times Maguzine

END
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Jujubes, or Chinese dates, add zip to New Mexican plates
By ' Star Wi

‘Wednesday, November 11th, 2015 a¢12:023m

ADOLPHE PIERRE-LOUTS/JOURNAT,
Dried jujubes, also known as Chinese dates, taste a little like spples.

Someday usking for more jujubes — the fruit, not the candy — may be as common in New Mexico s requesting
red ar green chile

Like chile, jujubes are packed with vitamin C and other nutrients.
J'he plum-sized coppery fruit, also known as a Chinese date, loves the high desert climate. Hot days and cool

nights muke it sweel. Tujubes come in many subtle flavor variations depending on whether it’s fresh or dried,

s Is Jonavid | e, o Chinses do oNew
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Jujubes ripen in Septemher and October and can be dried.
but it's sweet like apples or sometimes like raisins.

“Tt kind of absorbs and enhances the Mlavors of whatever you cook it with,” explains Laura Bitter, a bome
economist

Rich aromas filled a kitchen one recent, overeast morning, a5 she experimented with jujubes & u ungy addition &
dressing, the center of bacon-wrapped appetizars and as 4 warm dessert sance, like a chutucy, with vanilla iee
creacn.

Bittner, program dircctor of the Valencia County Extension Scrvice, says the nutzient-packed fruit is a great way
0 inerease vitamin C and fiber in a variety of dishes. “It’s healthy.”

Jane Moarman, a spokeswoman for NMSU, s jujube trees 1n her West Mesa backyard, She says likes them fresh
off the tree when they taste more Jike apples.

Jujube trees bloom in the sunmer, su unlike apples or pesches and apricots hat Nower carlier and thea can gel it
wilh & frost, jujube trees muke Fuit every yeer, she says.

Althovgh it grows well from Las Cruces to Alcalde, SunStar Herhs, a farm near Madrid, produces most of the
commercially available fivit and sells jujubes a the Santa Fo Farmers Market,

Becky Thorp, who vwns the orchard with her hushand, Dave, says the jujube grows prolifically on the mountsin
farm at an elevation of 6,000 feet. The couple have about 128 trees and none of them died in the bitter frost
several years ago. “It's » very hardy tree. The cold or the heat dossn’t bother it,” she says. She says the Lec and
Lang varictics arc her best prochucers.

She wsually bas dried jujubes available though April Fram their harvest that is mose abundant in Seprember and
October.

“They’
enough enceay to make it until you can sit dows and cat,
smouthies or pranola.

really on amazing fruit. If you arc hiking or traveling and get hungry, three jujubes will give you
she says. She often mixes them in her stir-frics, fruit

Along with ber farm stand at the Santa Fe Farmers Market, she also sclls jujubes to herbalists and dactors of

N s-ci-clinss @
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Oriental medicine who buy the fruit to make medicing. She says the root and the seed are often uscd: “Jujube aids
in digestion.”

“The seed crushed up is 2 tra
began her research in China,

litional Chinese herb,” says fruit scientise Shengrui Yao, a NMSU specialist, who

Jujubes are native to China, where they have grown for the past 4,000 years. It first came to the United States in
the mid-1800s and likely came to New Mexico in the 1900s with Chincse immigrants, she says.

Using natural methods, she is experimenting with different varieties 1o sec which ones are most preductive in
NMSU orchards in Alcalde and Los Lunas.

According to Yao’s report, jujubes have as much as 200 to 500 milligrams of vilamin C in two or three fruits,
some 10 times more than citrus. They also have fiber, minerals, bioflavonoids and ar¢ rich in eyclic adenosine
monophosphate, a protective nutrient that assists many bodily procc:

“Through the years there has been a natural selection of the cultivars. Growers select trecs for the quality of the
fruit, such as size or taste. There are no hybrids,” she says.

JUJUBE STUFFING WITH SAUSAGE AND HERBS
Serves 8-10

2 cups chopped cnion

COURTESY of JANE MOORMAN, NMSU
Jujubes in dressing add a tangy sweetness.

2 tablespoons butter, melted

1% pounds spicy sausage

6 picces of bacon, pork or turkey
4 teaspoon cinnamon

Y teaspoon allspice

Salt and pepper (o taste

4 cups roughly chopped stale bread picces or the same amonnt of grain, like a mix of quinoa and wild rice,
cooked according to the box directions

% cup chopped and pitted dried jujubes
ppe
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% cup walnuls
% cup sliced green olives

4 tablespoons capers

:p sherry or brandy

Cook onfon in bufter urtii soft. Add sausage without casings and bacon. Stir and crumble the sausage until
browned. Remove from heat and add spices. Stir in bread crumbs ar cooked grain, chooped jujubes, and half of
the walnuts and olives. Mix in food processor ntil blended and place ir. large bowl, adding the rest of the walnuts
and olives and the capers. Add brandy until mixture holds together. Serve warm,

BACON-WRAPPED JUJUBE APPETIZERS

Serves 24

Bacon-wrapped jujube appetizers cook in about 30
mintes.

12 jujubes, pitted and halved

12 pieces of bacon, trkey or pork

2 tablespoons maple syrup

Red chile pover

12-cunce container crumbled cheese, gorgonzola, feta or goat
Toothpicks

Preheat oven o 330 degrees. Ling a cookie sheet with parchment paper.

Fill jujube halves with crumbled chocso, dollop with a drop of maple syrup, sprinkle with red chile. Wrap each
jajube with a half strip of uncooked bacon, Sceure with a toothpick.

hiip:siwvvrw abgjournal 1 o sxicar-plates htmi#
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Arrange on cookie sheet, Bake 25-30 minutes, bacen should be crisp.
SAVORY JUJUBE DESSERT TOPPING

30 jujubes

¥ cup brandy

COURTESY of JANE MOORMAN.
A warm dessert sauce with jujubes and spices
dresses up vanilla ice cream.

NMSU

173 cup raw sugar

¥ cup wildflower honey

1 tablespoon flour or quick-cooking tapioca

Zest of one lemon and juice of ¥ lemon

1 tablespoon finely grated fresh ginger

Y teaspoon cinnamon

% teaspoon vanilla extract

Pinch of salt

Sced and chop jujubes.

Put all ingredients in a pot and cook on medium heat, stirring every few minutes,
When jujubes soften, take off heat and cool. Mix or chop in food processer.

Serve on ice cream OF yogurt.

it bajour el i fine TP plates.himist 57
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~ Courtesy Laura Bittner, home economist and program director of the Valencia County Extension Service,
NMSU.

BECKY'S FAVORTTE JUJUBE RECIPE

Serves 2-4

6-12 jujube fruits, sliced and pitted

1 onion, chopped

¥ pound mushrooms, sliced

% pound butter

% pound meat, cubed and cooked — goat, lamb or chicken, optional

Saute onions with butter until they begin to soften, add sliced jujubes. Cook until jujubes begin to erisp on

medium to low keat stirring often. Be carefut not to overcook as jujubes are delicate and burn easily. Add
mushrooms, cook until soft.

Add precooked meat. Cook on low flame, stirring occasionally for S minutes.
Serve over rice or quinoa.

~ Courtosy Becky Thorp, SunStar Heebs
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Jujube (Ziziphus jujuba Mill.)
Flowering and Fruiting in the

Southwestern United States

Shengrui Yao', Junxin Hmlng, and Robert Heyduck
Dep of Plant and E» { Science le Agricuiture
Science Center at Alcalde, New Mexico State bmwr\n\' Alcalde, NM 87511

Additional index words. bloomi ing pri Jf-polli
development

At FURY s MG AN i SRS o Sl g b i g
aracterstcs at Alcalde, New Mexico. Jujube cultvars were clssiied as morning

bserved, 24 belonged

to the morning type and 32 belonged to g b ype. Fighteen out of the S6
cultivars had their blooming type reported for the first fime. The sepal splitting for
type occurred from sunrise to 1000ux, whereas it occurred between 1300 and
1600 i for the afternoon type. Even though their opening time differed, pollen release
happened during daytime for both—morning type released pollen in the afternoon and
afternoon type released pollen in the late afternoon and the next morning. Rainy and
dindy weaiher daayed ool (6 awiral heari. Rich Sier éxperisicnd iia
: pal flat, petal standing, petal and

self-fertility, seed

varied by cultivar and helps with cultivar identification. Cultivars l_l, Li-2, Redland,
Qiyuesian, Xiangaas. Tespat, and Daguazso were sl polsatng/elFIrutfl In New
Mexico. For open by cultivar. *‘Abbeville"

fruit set each year. Most culnvnn hxd better fruit set from open pollination than self-
polllnl(mn however. self-fry nd l\zdhnd lud hﬁter fruit sel mth

meeting the market demand (Ron Ludekens,
personal communication). The challenges now
arc very limited commercially available cul-
tivars and rescarch support. Growers are
frustrated duc to insufficient information on
cultivars, cultural management, processing,
and marketing.

‘There are over 800 jujube cultivars known in
China (Guo and Shan, 2010; Lin, 2008) while
there are only a few cukivars commercially
available in the United States with *Li* and
“Lang’ as the two most dominant. All jujube
growers request more cultivars to extend the
fruit supply season and to be used for different
pusposes to meet the consumers” demand (Yao,
2013)

Unlike apple or peach, jujube flowers are not
initiated the previous year but the o sear

as they bloom. As the flexible deciduous fruit-
ing sirwcturebeanchlets gow, m initiate
flowers (Yao, 2012a). Jujubes have tiny flowers.

of %6 mm in diameter and have many more
flowers than most fruit crops (Guo and Shan,
2010; Liu, 2006; Yao, 2012a). Each branchlot
can have from 20 1o over 100 flowers depend-
ing cn the cultivar. Branchlet growth, flower
initiation, blooming, fruit setting, and fruitiet
occr si lml]mnemlslv Because of the
high nutrient competition, . in general
have low it e (G0 and Sha, 2010).

In the 19505, the USDA Chico Plant In-
traduction Station had a jujube breeding pro-
gram for same years; unfortuntely, the Chico
Station was closed in the late 1950s. During

years. Open
lor -n :uum; “Zhongning’, “Abbevile’, i and Globe' had high seed

from open-pallinaed frul, wheress ‘Lang’, ‘Don Polenskr, “Junzao’, and
Pingauang’ did not produce fully developed seed in any years but some dark brown
empty seedcoat sacs. Seed dmlnpmcm was also affected by weather and pollination
conditions. Fruit blooming type, pollen release, self-pallination, self-fruitfulness, self-
fertility, and seed development are all eritical information for jujube breeders, re-
searchers, extension personnel, and growers.

Jujubes (Ziziphus jujuba MilL), also called
chinese dates, belong t the Rhamnsccac fam-
ily. Jujube cultivars were first into the
United States by USS. Department of Agricul-
ture (USDA) agricultural explorer Frank N
Meyer from 1908 to 1918 (Meyer, 1911
‘Thomas, 1924; Yao, 2013). Inthe past hundred

Reoclved B pabiudn 30 i 2013, Aokt
for publication 21 Apr. X
This project is partially wppaled by the USDA

5 ke o comitbistion o th Ny Mo/ A
cultural Experiment

We thank Rotton St Hilae, Richsed Heerems,
and Steve Guldan from New Mexico State Uni-

vensity for thei critical review of the manuscrips.
We also thank David Archulets, David Salazar,
Estevan Herrera, Margarito Hernandez, Bingye
Xue, und Jeany Xue for technical ussistance.
We also like to extend our special thanks to
Dr. G. Wang from Research Insfitute of Forestry,
the Chinese Academy of Foresiry, who collected
China for this peoject
should b addressed;

c-mail yeos@nmsu.cdu.
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jujubes were cultivated mainly in the
Southwest, southern, and southeastern states
from North Carolina, South Carolina to
Florida, and from Florida and Georgia all
the way to California; but they had been

their jujube selection pro-
s they mentioned the eed for a compiee
understanding of pollination, self-

sterility, and seed d;vclopmcm and conducted
some preliminary rescarch on these topies
(Ackerman, 1961). Yan et al. (2009, 2010)
reported the fruiting chamcteristics of mor:
than 100 Chinese culivars. In the United
States, the flowering and fruiting habits of
existing cultivars and new importations are
largely unknown, and this fundamental knowl-
edge would be critical for jujube brecders and
rescarchers. Extension personnel and

also need this information for cultivar recom-
mendations or culivar seleetions.

portedly gn far noeth as Penusy!

(Ashton, 2006, 2008; Atkins, 1987; Locke,
1048, 1955; Lyrenc, 1979, 1983; Yao, 2013).
Recently, we noticed some jujube trees along
the historic Chinesc rail
campsites in the southw
jujubes were part of those Chinese workers™
diet and the littered seeds left behind grew
voluntarily. Local people did not know much
about jujubes but kept the trees that produced
large and_ good-tasting fruit. These volunkeer
seedlingplants belong (0 Z jujuba and could be
good germplasmm for new cultivar sclections.

Early researchers had identified that jujube
grew and produced well and had great potential
in the southwesiem United States (Fairchild,
1918; Hager and Edward, 1989; Lanham,
1926; Locke, 1948, 1955; Meyer, 1916; Sweet,
1985). Because of various reasons, however,
jujube production is still limited. Recently,
interestin jujubes from growers and consumers
is surging. and nu h had 2 hard time

Ne University (NMSU)
Susiainable Agricukure Science Center at Al-
calde, New Mexico, has imported 30- jujube
cultivars from China and collected a number
of cultivars in the United States for 4 total of
over 50 cultivars. The objective of this study
is 10 examine the blooming types, flowering
characteristics, self-pollination/self-fertility,
and seed development of these culivars.

Materials and Methods

is experiment was conducted at the
'NMSU Sustainable Agriculture Science Cen-
ter at Alcalde, New Mexico (lat. 36°05°27.94"
N, long. 106°03°24.56" W, and 1737 m cleva-
tion) and all culivars wsed e listed in Tabie 1.
Sinee trees were planted or grafied in dif-
ferent years, not all cultivars were used for
every fest in this study (cultivars used are
clearly listed for each experiment). Among

Abbeville, Lang, Li, Sihong,
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Table 1. Jujube cultivars used in this study and theie blooming types at New Mexico State Uriversiry’s
Sustainable Agriculture Science Center at Alcalde, New Mexico

Cultivar Bk\ummk e Source Cultivar Source
ABBevile Tounan: L1 ™ Califormia
Ant Admiral ™ China " China
Banzao ™ i m Ching.
Chaoyung ™ m Ching.
Chico a Califomia A California
Dabailing ™ China ™ Ching.
220 ™ ina t Ching.

Don Polenski ™ Califormia l)-)'\xxm\ e China
Drgon ™ China diand e cali
Edhegand w Nabara  Rumsin2 w. Califorma/Russia
Fitzgerald A Georgin  September Lite e Califormia/China
Fuping A China  Shanxi LiLinyi Li m
GA-866 ™ Califomia  Sherwood ™
Gle1183 e Califomia  Shuimen m
Giobe a China
Honeyiar ™ China o
Hupingzao w China v
Jin ™ China an
Jinkuiwang ™ China m
Jing-39 a0 China e
Jinsi-2 ™~ China s Pennsylvania
Jinsi-3 ™ China an Californie
Jinsi-4 ™ China ™ ina
Jixia A China, a China

inz10 N China Youzao ™ China
Kongfuc ™ China  Yuanling ™ Chinu
Lang a Califormia  Zaoeuiwan; a Ching
L I Califomia_ Zhongning m Chin

Shuimen, Shanxi Li, Globe, Redland, Don
Polenski, Fitzgerald, and So were planted in
2006, whereas “Jin’, “Sui, and “Topeka®
were planted in 201 1. Also in 2011, another
30 cultivars were imported from China as
scionwood and grafted to wild jujube sucker
motstocks that had been planted in 2010,
Because of the needs from rescarchers and 2013 with a Coke Parmer digital microscope

growers and limited adult trees at Alcalde, New — (Vemon Hills, IL). Their pollen relcase, stigma
i part of the  changes, and nectar exudation were monitored

hourly from 0600 to 1700 e and at 2200,0300,
and 0500 e, Four or five flowers per cultivar
were stored in 1.5-mL tubes and
brought back to the laboratory for pictures. The
flower-blooming sequence was photographed
hourly from 0600 to 1700 e for °Li", ‘Lang’

“Sugarcanc’, “Sihong’, and *Abbeville” in July

experiment. Another reason for using young  during this process.
s it Tfobe’s roconty they oo bear Tt Colivar elpollnatonseliertily sty
during grafting year or planting baging experiment Four o ten 1= o 3

year-
old see s of 4045 cultivars were
keted and haf of dhem were. randomly
chosen for bagging on 6-7 June 2012, 810

yea
“The planting density for the S006 phnllng
was 18 x 3.6 m, whereas the imporied
cultivars were grafied in the nursery area with
spacing of 1.2 x 1.8 m. From 2012 t0 2014, June 2013, and 22-25 June 2014, whereas the
trees from both locations were used for other half were leftfor open pollination without
flowering habits and self-pollination/self- bagging. For those bagged branches, cultivar
ces from a zun repli-  was self-pollinated naturally without any further
iy hand pollination. Spatially, sceondary branches
from southeast south, and southwest aspects of
trees wene chosen instead of those on the north
side to avoid shading. In 2012, red nylon s:ed
bags of X
bagging with mesh size of 1.5-2 mm. Sinee
2013, pollination bags of 45 x S0 cm with
opening of 0.5-0.8 mm in length replaced the
sced bags in the bagging experiments because
they could block all insects (Middletown, DE).
Allopensd flowers were removed from selected

2 qq-
Latc’, and “GA-866" at 1.8 3.6 m spacing were
also used for the self-pollination/self-fectlity

experiment, Trees were
times in late May to June each year at a rate of
33 45 kg Nha and icigated weekly depending
on season and precipitation.

Jujube flower number and blooming type.
In 2012, 10 jujube branchlets (flexible de-
ciduous fruiting branches) (Yao, 2012a) were

- and at harvest. Total fruit weight
and fiuit number were recorded per treatment
per cultivar at harvest

Cultivar seed development. Harvested fruit
from bagged or open-pollinated branches from
2012 10 2014 were airdried, and the pits
(stones) were cracked and their seed condi-
tions were evaluated s fully developed seed.
aborted seed. or no seed. Fully developed
soods are filled scods; aborted seds are dried,
dark brown scedcoat sacs only; and no sced
means no visible sced or seedcoat inside the
stone,

Jujube flower diameters were averaged by
cltivar and standard errors were calculated.
‘Cultivarfruit set was calculated as fruit number
per 100 branchless. Seed development was
calculated as filled sced or mn«i sced per-
centage. Aver and standard
et opeo calemtted o cubivar kgt and
seed percentage.

Results.

Flower number and flower size. Flower
number at cach node varied greatly by
cultvar (Fig. 1), but was relatvely stable
fx sl oyt
Li-2", ‘Shanxi LT, ‘Redland’,
“Shiimar, ‘Globe', and “Abbeville”had fewer
flowers than others with only onc to three

flowess in the middle section of the branchlets
(Fig. 1). *Fitzgerald" had the highest number
of flowers with 13 per node in the middie
section of the branchlet, The branchlet length
and number of nodes varicd with cultivar,
‘weather, and nutitional levels.

Tujube are small withou! showy
petals. Its flower diameters rmged from 5 to
7 mm (Table 2). ‘GA-866", ‘Chaoyan”, "\u
“Zaofengeui, *Globe”, “Maya’, and *Hoy
had small flowers with Bty <8t
whereas *Lang’, *Jing-39°, and “Dragon’ had
big flowers i Py
cultivars had flower diameters between 6 and
7 mm. Flower size for each cultivar s relatively
constant and can be used as a supplemental tait
for cultivar identification,

Flower blooming fype. Jujube cultivars
can be classified as two blooming types—
‘morning blooming or aficmoon blooming—
based on their sepal splitting/opening time
(Table 1). For the morning type, their Sepals
splil from suncise o 1000 1, whereas for the

ftemoon type it & usually from 130010 1600 1m.
Avmng the 36 cultivars observed, 24 were
‘marning blooming type and 32 were after-
noon type (Table 1). Most cultivars, except
“Mopanzao® and “Teapot’, had all sepals

sampled for 25 cultivars on 15 June. Total
nodes and flower number at each node were
counted and averaged for cach cultivar,
Flower diameter of 15 flowers for 46 culti-
vars was measured in 2012 and 2014, Jujube

branches for either bagging or

and bags were twisttied at the end. Branchlet
number for cach secondary branch was counted
at treatment time. Bags were kept in place for
6 wecks and removed in late July (carly Aug in

at the same time with even
recess; ‘Mopanzao and ‘“Teapot’ normally
bad paal epening with o 1 tree sepals
apened carlier than others

Flower blooming \ime for cach culivar

blooming times were observed at 34 datesin  2014), livars il had a sy flowers or
late June to early July cach year for all flower buds remaining at the end of 6 weeks,
cultivars from 2012 to 2014. At each date,  and they were removed during the wnbagging  cloudy weather delayed

the flower-blooming process was monitored  process. Fruit sets were cotnted in Augus, late

840

from day to day and
from year to year at one location. Rain and
the blooming pro-
cess, but cultivars with the same blooming
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2 ~ .~ Abbavile Chaoyang
-----Daguamo  ——Don Polenski
~-==--~ Globe

Flower number at each node
@

ch node

June 2012 at Alcalde, New Mexico.

Table 2. Jujube flower diameter of different culfivars at New Mexico State University's Sustainable
Agriculture Scicnce Center a Alcakde, New Moxico.

— — Shanxi [

+ = Zhongning

Cultvar mm L Culfivar
GASGH S0 010 Diguazio
Mopanzio 51005 Shani Li
Chuoyang 555006
Globe 534000
Zaofengeui S35 006

Sui 58+007

Banza 591004

Maya 595006
Honeyjer 594008 Sitong

So 60 008 Zaocuiwang
September Lte 60007 Hupingzao
Sherwocd 60+0.07 Youzao
Abbeville 601008 Suareane
Xiangza0 60+ 011 Jinsid

L 6.1+003 Gaga

Li2 61009 Mu
Qiyvexian 615010 Zhongring

62+006 iyun
Kanghicui 621005 ixin
621007 Xingguang

Pitiess 62+0.10

Shuimen 62:0.11 Lang

ins 621012 Jng39
Jinkuiwang 63+005 Dragon
Average

type seill bloomed at a similar time afier delay.
In New Mexico where it is mostly sunny
weather, delayed blooming was not common.
Even within the same blooming type, s
cultivars always bloomed early, whereas others
always bloomed late. For the moming type,
*Sugarcane” ahvays bloomed earlier, whereas
“Mu’ and *Jing-39" bloomed later than others.
Flower blooming process. When jujube
flower buds were close to bioom, their flower
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Fig. 2. Jujube th momi

Shuimen
- S

= Sugarcane
Zacfengeul

o
Xiangzao

peaking the next morning (Fig. 2).
fragrance from the nectar disk attracted insect
visitors to the flowers. The color of nectar
disk varied with cultivar from light yellow
to orange-yellow for 'Li" and orange for
‘Lang’. As anthesis progressed, the neetar
disk color became lighter and lighter until the
same color as the sepals afler bloom.

Even though there were two blooming
types, both released pollen during daytime
the moming type flower released pollen
mainly in the aflemoon and the aflemoon
type released pollen from 1600 to 1700 1
and again the next moming. The blooming
process lasted for 24 h. For the morning type,
the blooming process finished within the
same day with no pollen and nectar the next
morning, whereas the aftermoon type bloomed
until noon the next duy without much nectar
and pollen left. Each flower only bloomed for
oneday but sy blooming lastcd
4-6weeksor longer. Fortrees at Alcalde, New
Mexico, blooming continued for up to 2 or 3
months from June to mid-August depending
on cultivars, tree age, vigor, and management.

When flowers first opencd up, anthers
already camied pollen in chunks outside their
sacsbut he two signas wee sl wgesherand

yellowish in col g
process included the following stages: sepal
splitting, sepal flat, petal standing, petal and
anther separation, petal flat and anther stand-
ing, anther flat, and stigma browning, but the
time an(l duration for cach WL varied
cultivar

afew hours
(time v;med ‘with cultivar), the two stigmas.
rew, Separatd, and were ready fo pollen
(Fig. s cloarly separated in
o a4 empon forth Fnarvg ype aml
the next morning fo the aftcmoon type.

s

. As sepal
1 Sy pendi o m the nectar disk
started 1o exude nectar with moming type
ekl In s Ecadon aed s emoon Y1

3 R 111300 1e00 100, 1600, und 17000
Morming blooming type, 12 July to 13 Jul
1700, 0600, 0700, andt 0800 1.

self-pollination than open pollination in 2014,
For the remaiing cultivars, bagged branchlets
had lower fruit set than those with open polli-
nation. Nineteen cultivars had no fiuit set after
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ow 2
013. Row 1: 0600, 0700, 0800, 0900,

bugging in both 2013 and 2014, Alhough

2 11 typeat Alcalde, New Mexics
mm 300, 0800, 0900 and 1000

“Abbeville’, “Chaoyang. ‘Drago’
i “Youzao', and
Jinkuiwang’ had o low percentage of fruit

AYLi: Aftemoan blooming type, 12
ow 3: 1100, 1200, 1300, 1400, and 1700
a8 1000 us; Row2: 1100, 1200, 1300, 1400, and 1500 us. Row 3: 1600,

‘Redland’, ‘Daguazao’, ‘Qiyuexian’, “Teapot',
and “Xiangzao' were self-fruitful (Table 3). ‘L',
“Li-2', and ‘Redland’ had higher fruit set with
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. (W) Lang:

set from self-pollination in one year, there was
o fruit set from self-pollination the next year;
further study is needed to confirm or disprove
their self-fruitfulness.

“Dabailing” could be

HowiSciexce Vou. S0(6) June 2015



“Honeyjar' and morming type ‘Lang’. ‘Honeyjar™s (A) two stigmas together at 1700 1n;
1 i it

ik at 1700 1, the next day. ‘Lang’
th pleaty of nectar at 1700 rx; (H)

self-ertle and the zero fruit st in 2013 was due
tolow and overshaded branches. Commercially
popular cultvar Lang’” was not self-fiitful.
ars had varied fruit set from open
pollinaton (Table 3 “Abbeville ha the bt
fruit set at Alealde among all the cultivars
tested (Table 3). s small fruit s not the most
desirable, but it may be used to improve other
culfivars' fruit set through breeding. On aver-
age, cultivars set better in 2014 than in 2013,

Seed development. Because of the 1
mesh size of the bags in 2012, insects could
touch some flowers from the outside, espe-
cially flowers close to the bag. As a result, the
fiuit set and sced development for hagged
branches are not reported. No fuit from

branches of any cultivar in both 2013
and 2014 had filled seed. so self-pollinating/
self-fruitful culfivars were not self-fertile in
this study at Alcalde, New Mexico.

For open pollination, cultivars were clas-
sified into two groups: <10% filled seed on
avemge or >30% on average. Cultivar seed
percentage varied among years (Table 4).
Among the cultivars tested, 20 of them were
evaluated each year from 2012 to 2014,
Averaging those 20 cultivars, the filled seed
pereeniags was 39.1% for 2012, 32.5% foc

with a dark brown sac residue inside the

Discussion

Flower mumber, fruit set, and fruit size. In

general, large-fruited cultivars such as °Li",

a " had fewer flowers at
each node and lower fruit set per branchlet
compared with small-fruited cultivars like
“Fitzgerald'. But *Abbeville’ had very small
fruit with only two to three flowers per node,
and medium fiuit-sized “Zhongning” also had
few flowers. Boih *Abbeville” and ‘Zhongning™
had good fruit set each year. Flower number
isrelatively constant for each cultivar and can
be used as a supplemental trait for cultivar
identification.

Jujube blooming types. Cultivars were
chssified as morning blooming type or afier-
noon blooming type in New Mexico (Table 1).
In Crita, iy arecalled day blooring type
and night blooming type (Guo and Shan
2010; Qu eral, 1989). A recent publication
also mentioned that in China, the “sepal flat”

stage occurred berween 0800 to 1130 1k and
1400 to 1600 g for night blooming type and
dayt blmmmg type. respectively (Han ot al.,

2013, and 26.3% for 2014; the.
be related to weather and pollination envi-

in l'londn (Lyrene, 1983). Tt

best seed percentage each year, followed by
*Abbeville', “Jinsi-2", ‘Globe', and *Chaoyang”
(Table 4). Fruit of *Li", ‘Li-2', ‘Rediand’,
‘Shanxi Li", *Dabailing’, ‘Daguazac’, and
“Qiyuexian’ had very low sced percentage
and varied with years. Fruit of “Lang’, *Don

Polenski’, *Junzao', and *Xingguang” had no

fully developed seed during any year (Table 4)—
seeds stopped their development at an early sage
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Table 3. Jujube cultivar fruit sets from open pollination and self-polliration with hagging at New Mexico State Universi
14

Center at Alcalde, New Mexico, in 2013 and 201

China and the United States, which may be
related o location and weather conditions
(Lyrene, 1983). The momingtype inthe United
States would be equivalent to the night bioom-
ingype nd e aftmoon yps s oqivlent o
he day hhmnng type in China,

the 561 “Chico’, ‘Edhegard’,
‘itzgerald’, ‘G—llﬂ]'\ “Shuimen'/‘Sui’, ‘So’,
“Thomless’, ‘GA$66", 'L’ and “Tsao were the

‘moming.

same blooming type as Lyrene (1983) had

reported. In New Mexico, “Lang’ was mom-
ing type, a.rr«zm from what Lyrene (1983)
had reported. °L: u Polenski’, and
ot have st shape and all
Yerwmceung Homing ype  Alcade New
Mexico (Table 3).
*Junzao’,*Xiangrao’,
S

were the same as reporied in China with 6
shift (Guo and Shan, 2010; Quand Wang, 1993;
W ot o, 207 i’ and Mopanem’

ifferent from reports from China, which
mﬂdbemwmmymmmmmﬂ‘u-
of ‘M

Russia-2'. i 'Sug«nxnc
“Topeki ingguang’, ‘Zaocuiwang’, and
Zhongning are 18 \.ullmn\ ‘Whoes bomuing
type is he first time.
&e!/[»l/lnalwn wlj cfdness and w//~
S

sclf-fruitful in u.u mny and ‘Daguazao’ and
“Teapot’ were also reported self-fruitiul in
China (Yan e a. 2010y Our culfivan” el
fruitful percentage was much lower than what
Yan et al. (2009, 2010) and Liu et al. (2009)
reported. This could be duc to_location,
cultivar differences, or tree age. In this study,
young trees could underestimate the it sct
percentages, but the bagging material used
could also make a sienificant difference. In
ourpreliminary study in 2012, nylon seed bags.
with 1- to 2-mm holes were used, and the
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Branchicts

Fruit 100 branchicts Branchlcts

W30 70

Fruit/ 100 branchicts

30 W50 20140

7 35
S 3 3001170
35 34 .1 1853 14124624
% 58 8.7 1276 6824841
91 137 165 07 2361100
92 58 4.7 1545 10014769
54 60 463 73 598+ 19.1
30 3 67 1IKS 8281510
40 29 725 1034
40 38 25 342
105 1ns 2086 148
36 30 36.1 1067
101 7 574 933
a0 105 925 1000
95 7 379 486
7 47 6.3 936
54 49 204 143
25 8 116 1431
34 56 324 3
82 55 476 218
37 48 1027 1479
" 45 632 It
94 2 w7 931
54 30 6.0 1033
50 85 20 494
8 26 395 107.7
30 4 56.7 1068
92 53 141 470
46 9 7 1162
35 7 86 74
w0 13 150 363
48 57 29 649
52 50 32.7 1140
61 46 1459 478
— @ - 1275 — -
September Late £ 00 - 3t 1742
Jinsi-3 0 00 38 1395
Jinsi-4 33 00 23 14758
Linyvexian 2 00 20 130
loss 34 00 46 - 163 -
Sherwood 74 - 00 - 63 - 28 - -
Shuimen 56 - 00 - 65 - 585 -
Zuocuiwang 27 00 - - 37 - 135 - —
Zuofngeui a8 - 00 — 53 - 358 -

B = Bugged; O = Open pollination.

“The fruit number per 100 branchlets was the fruit count at harvest
Cultivars with only | yeer's data are lsted at the end of table for reference only.

cultivass’ *self-fruitful” percentage was much
higher (72%) than in 2013 (33%) and 2014
(30%) when bags with smaller-sized hokes
wers e, Bece ofyibe's e shoot
strueture a in an in-

bags in 2013 and 2014, the self-fruitful culti-

fruit). Different authors classified

var numbers dropped and cultivars performed
consistently in both years (Table 3). Guo and
Shan (2010) mentioned a high perc gr of
cultivar in comme

florescence u.m, "2006; Yao, 20132, 2013,
is almost impossible to bag a single flower
cluster; a branchlet or the whole sccondary

branch needs t bs bagaed. With lrge boks
on the bags and jujube’s tiny flowers (Liu,
2006; Yao, 20124), flowers touching the bags

duction in China. The commercial ymdnclnn
in China is different from the case in the
United States, Those solid plantings of *Jinsi®
series in Hebei and Shandong provinces in
China could be a complex of many strains
afer thousands of years of production. Their

bag.

it e p or cross-

insect visitors in New Mexico (Grasswitz and
Yao, 2014). Yan et al. (2009, 2010) and Liu
L, () repokod At 87295 of e 179
cultivars were observed fo be self-fruitful.
Considering the_bags lhcy used had 27
holes/erm? (1.5-1.8 mm in length), those cult-
vars that seta few fuit per 100 branchlets from
bagged branches may or may not be from true
self-pollination. In this study, with small-holed
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Asatryan and
oz (@13) momsd that fou Z jujuba
cultivars could set small seedless fruit through
controlled selfpollimtion with 27.8% fruit set
for *Li” and only 2.2% for *Lang’, and cultivar
Tamar was parthenocarpic (fruil st without
fetliaton of ovules Lyrene (1983) eported
“Silverhill’ and “Leon Burk’ were parthenocar-
pic (sobted trees set full cropof fully developed
fiuit whether or not there are viable seeds in the

parthenocarpy
differently. From our study without further

imvestigation, we only can conclide * L
2", ‘Redland’, “Daguazao’, *Qiyuexi
were hclfpullmmnu ani

pot’, and *Xiangzao®

self-fruitful. More detailed research is needed to
find whether they were strictly parthenocarpic
(withou fertilization process). Most jujube cul-
tivars had vi

ol gmins wilh varying

a and
“Redland” were considered US. cultivars.
“Li’ was imported 100 years ago and it is
hard o find its equivalent in China now.
Ackerman (1961) reported that with hand
self-pollination, *Li* had nomal fruit set,
whereas *So” and ‘Shuimen’ had only a few
fruit. Our resukes confinmd that *Li® was self-

s experiment,
was conducted while the branches were
bagged, whereas our study did not use hand
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Table 4. Percentage of fruit with flled seeds of
Mexico, from 2012 1

pen po Alcalde, New

Fruit number

Filled seod (%)

W20 018 012 2013 2014 Avgis
Don Polenl T 7 Ex3 00 00 TG00
3 21

breeding program (Yan et al, 2009). ‘Lang’,
ki’

10 fully developed seed from cpen pollination
in any years (Table 4), Intorestingly, those
four cultivars had similar fruit shape.
“Xingguang’ is a witches-broom resistant
stwrain from “Junzao' (Liu et al., 2006),
whereas *Lang’ in the United States may not
be the same cultivar as *Lang” in China now.
had smaller flowers. than
Lang' vhereas Lang, “Xingpung:. snd
ilar flower

“Lang 'Jumm'

“Don Polenski” is not clear. Fruit ia 2014 had
years in this
study. A late frost on 15 May 2004 ( 560
could have conributed to the Towest seed
percentage in 2014 because frost killed the

plants regenerated them-

Tt 1 scaton wis delayed. To peo-
mote early fruit set after the mid-May
water was sprayed over the whole tree twice
per week for 2 weeks for all freaments to
boost it sct duringhe full bloom period, but
it did not improve sced development. Culti-
vars with less than 10% filled seed would not
be suitable as female parents in breeding. We
also noticed that early-set and larger fruit had

seed developmen, whereas some small
Tate-set fruit had only a partially developed
stone or was near. pm:- especially in“Lang’.
s do have suckens and

hot areas especially in the southeastern United
States. In humid and rainy areas, especially
with rains around fruit matiration season, fuit

Jurzao 2 i N 00 00
Lang 2 1+ 33 00 00
Xingguing § 1 57 00 00
5 st 7 00 00
Li2 16 7 X 24 0.
. 20 2 38 00 105 5 o

Qiyvexian 3 34 63 0o 79 Don Polenski®

i % 1 4 00 24

i 16 4 00 00 “Junzao" had simil

Redland [ 2 " 77 00 relationship among
Shanxi Li 23 2% 36 240 0.0

opa 2 3 30 1000 109 lower seed percentage than
o 13 5 4 6.0 s6.1
Sugarcane 25 e 71 8.0 a7
Chacyang 2 30 07 1000 @6
Globe. 21 1 [ERTOY] 67
Jinsi-2 3l 10 34 2.0 742 :“f’y Sromh Tha
Abbeville ™ 200 155 570 203
Zhongning 30 7 2 o WO 10000

verage c 39.0 263
Livyuexian 1 2 00 7 : 360
Jinsi-3 13 5 29 509 69
Shuimen 2 4 55 39 23
Dabailing. [ ™ o 14 7
September

Lute - — 5 - - %3 %63

foncy 38 71 100 887 944
GIIS 8 21 100 286 643
Jinsi-A 34 1 = o7t 0 76
Jixin 1 2 87 33 s
Kongfucui ” 6 w06 03 555

i 7 37 29 9
Maya i ns 821 559
Hupingzao 2 5 3 42
Xiangzao - 2% 85 - 679 04

ouzso [ 3 846 ©0

can make the fi

Cultivars on the lower par of table with 1 or 2 years” dot are To reference oaly.

self-pollination. This plus smaller sample
sizes and young trees could have contributed

flerence in results for ‘So’ and
(Stuimen, Askeiman (1961 sl eporicd
that clones ‘G 158" and ‘G159 sealed ina tent
with bechives set normal fruit, ‘G138 and
*G159" could be scedlings of the same plant
but they cross-pollinated each other, and the
solid “Jinsi” series commercial planting in
China could be similar with

set fruit by self-pollination and none of the
fruit had seed inside the stone from any of the
cultivars, which indicates that although some
:ullivals ot il o cultivar was wl!:
his study at Alealde
(Tnblcs S and Asiryan and Tek Zur (2013
also reported four Z. jujuba specics were self-
fruitful with varied fruit set but seedless, not
sarnli. Askemven (1961) cpored ol

ability or different strains pollinating cach
other. Like *Shanxi Li' and *Abbeville’,
cultivars with 15 fruit/100 branchlets after
bagging were below aceeptable yicld. If they
were planted as a solitary tree in the field or
backyard without bagging and with enough
insect visitors, the fruit set might improve.
Ackerman (1961), Yan et al. (2009, 2010),
Liu ot al. (2009), and Asatryan and Tel-Zar
(013) all repored slfpollinated it were

*Shuimen’, *So’, *Yu', *G11", and ‘21996 ol
1% filled sceds for ‘G144, Yan ct al. (2009,
201")uul Liu e ul (.00)) mduwd that fruit

from self-

ketable. Cracking in most years

Tn summary, this study covers the flower-
ing and fruiting characteristics of the major-
ity of LS. jujube cultivars. This information
would be useful for future jujube-related
rescarch, breeding programs, and guiding
growers in cultivar selections.
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ORIGIN
Jujube (Zisiphus jujuba Mill), also called Chinese

date, red date, o Tsao, is native to China. It origi-
nated in the middle and lower reaches of the Yellow
River, and has been cultivated in China for more
than 4,000 years. Botanically, it is derived from its
wild relative sour jujube o wild jujube (Z. spinosa
Hu). In ancient times, people selected and cultivat-
d sour jujubes with bigger fruit, and it gradually
became the cultivated modern jujube species
(Z. jujuba). There are still semi-cultivated sour
jujubes like “Tiger Fye-big round sour jujube and
Yanjishan big sour jujube, which are popular in Bei-
jing and Shandong Province, China, respectively.
Jujubes belong to the Rhamnaceae (Buckthorn)
family. The jujube can be easily confused with the
Indian jujube (Z mauritiana Lam), which s a trop-
ical plant of the same genus, whereas the Chinese
jujube is a cold-hardy deciduous plant. Although it
varies with location, jujube usually starts to leaf our
in April or May, blooms in June to July, and ma-
tures in late August to October. The dried fruit of
the date palm (Phoenix dactylifera) looks similar to
that of jujube, but botanically they are nor relared
10 each other.

HISTORY

Jujubes were first introduced to the U.S. from
Europe by Robert Chisholm and planted in Beau-
fort, NC, in 1837. In 1876, G.P. Rixford brought
jujubes from France and introduced them to Cali-
fornia and nearby states. Most of the early imporrs
were from seedlings. USDA Agricultural Explorer
Frank N. Meyer introduced the first group of com-
mercial cultivars to the Plant Inwroduction Field
Station at Chico, CA, in 1908. Later, they were

Asi

cultur

Con

distributed to other USDA stations in Texas, New
Mexico, Oklahoma, Georgia, and Florida. Sci-
entists evaluated those jujube introductions until
the 1960s, and a few selections were developed at
Chico, CA. Shordy after the importation, Meyer
and other scientists realized the potential of jujubes
in the U.S,, especially in the Southwest where
sunshine is plentiful, summers are hor, and the
climate is arid. In 1947, L.E Locke from the South-
ern Greac Plains Field Station ar Woodward, OK,
wrote, “This jujube is litde known, but is highly
dependable fruir of high food value.”

In New Mexico, jujube trees can be found grow-
ing in diverse locales around the state. There are
50-year-old sour jujube and regular jujube trees
(cultivars unknown) on the NMSU Las Cruces
campus (Dofia Ana County, elevation 4,000 fi).
There are jujube trees in the South Valley area
outside Albuquerque that were planted in 1928. A
homeowner in CIiff, NM (Grant County, elevation
4,500 fr), has jujubes near his house, and they have
been producing a prolific crop every year for the
past 30 years. Other scartered trees in Las Cruces,
Los Lunas (Valencia County, elevation 4,856 fi), Al-
buquerque (Bernalillo County, elevation 5,312 i),
Tucumcari (Quay County, clevation 4,816 ft), and
Alcalde (Rio Arriba County, elevation 5,700 fi) are
all growing and producing well.

DESCRIPTION

Tree

Jujube is a deciduous ornamental fruit tree 15 to 30
fcin height with very hard, strong wood. Branches
are zigzagged with paired spines in young trees. De-
pending on the cultivar, tree growth habit varies from
broad spreading canopies to very narrow and uprigh.
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Leaves

aves are shiny, ovate or oval in shape, and not
branched, and grow on alternating sides of branch-
es. Leaves are 1 2 inches (2.5-5.5 cm) long and
0.75 to 1.5 inches (2-4 cm) wide.

Buds and shoots

Jujube shoots are different from other fruit species.
Vigorous new shoots of peach, apple, and grape
can have branches in the same growing scason, and
the branches have structure similar to the primary
shoot. Jujube has four types of shoots: primary
(extension) shoot, secondary shoot (side branches),
mother bearing shoot (fruiting spur), and fruit-
bearing shoot (branchlet) (Figure 1). There are
three kinds of buds for jujubes: main buds, second-
ary buds, and dormant buds.

There are two buds, one main bud and one
secondary bud, at each node of both primary and
secondary shoots and at the apex of mother bear-
ing shoots. The rerminal main bud of the primary
shoot will keep growing each season to expand the
tree canopy, and the lateral main buds (at the base
of each secondary shoot) normally do not sprout
and instead become dormant excepr with strong
stimulation. The secondary buds on each node of
primary and secondary shoors are early-maturing
buds, which produce secondary shoots or fruit-
bearing shoors.

The jujube primary shoot is always accompanied
by secondary shoots (side branches), or the second-
ary shoots are part of the primary shoot and later
diverge in function. The primary shoo elongates
every year to expand the tree canopy. The second-
ary shoot acts as a base for the fruiting structure,
does nor extend in lengch, and withers back afrer
two or three years. At each node of the secondary
shoot is a mother bearing shoor (fruiting spur),
which is a compact spur that grows approximately
0.04 inch (1 mm) and produces 2 to 5 fruir-bearing
shoots each year. The fruit-bearing shoot (branch-
ler) is thin, fexible, deciduous, and 4 to 8 inches
(10-20 cm) long; it bears flowers and fruits at its
axils. The primary shoot, secondary shoor, and
branchlet are zigzagged and spiny.

Flowers and fruits

Unlike apples or peaches, jujubes do not have big,
showy Howers. The flowers are fragrant, pale green-
ish-ycllow in color, and small, with diameters rang-

ing from 0.15 t0 0.30 inch (4-8 mm) (Figurc 2).
Flowers can appear singly or in a cluster at cach leaf
Jujube's Hower cluster (inflorescence) is a cyme
(Figure 2) with up to 13 flowers depending on the
cultivar and its position on the branchlet. Jujube
flower buds initiate, bloom, and develop to mature
fruit within one growing scason, which is unique
and different from other tree fruit crops. Jujube
bloom lasts for several weeks, making jujubes good
nectar plants.

Jujube fruit is a drupe with one pit (stone) in the
middle containing up to two seeds. Its fruit derives
from its ovary and the nectar disk. Fruit size var-
ies from thumb-size to golf ball-size depending on
the cultivar. The fruit shape can be round, oblong,
oval, ovate, obovate, oblate, apple-like, or abnor-
mal shapes.

CULTIVARS

Currently, there are 700 to 800 jujube cultivars in
China, including fresh eating, drying, multipurpose
(good for both drying and fresh eating), candied,
and ornamental. Cultivars for drying, including
multipurpose cultivars, formerly dominated and
accounted for 90% of the jujube production in
China. Now, with the selection and introduction
of new fresh earing cultivars, plus the abundance of

cold storage facilities, fresh eating cultivars are gain-
ing popularity in China.
Tn the U.S., jujube cultivars are very limited.

They include Frank Meyer's cultivars, cultivars
recently imported from China or other jujube-
growing countries, those released from the USD.
Chico breeding program, and a few selections from
seedlings across the country. Research from China
indicated thar quite a few regional dominant cul-
tivars are self-fertile with no need for additional
pollination; some cultivars can self-pollinate and sec
fruit, but cross pollination will improve the fruit se
and fruit yield. A few cultivars are sterile without
pollen, and a pollinizer cultivar and pollinacing
insect acrivity are required for these. Common pol-
linating insects include honeybees, houseflies, and
ladybugs. As for the cultivars in the U.S., their self-
compatibilities are nor clear yet. For that reason, it
is best fo plant two or more cultivars instead of a
single cultivar.
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Figure 1. Jujube shoot structurcs: A. primary shoot, B. sccondary shoot, C. mother bearing shoot (young
fruiting spur), D. old fruiting spur, E. fruit-bearing shoot (branchlet). (Photos by Shengrui Yao).
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Figure 2. Jujube flowers: A. a simple cyme, B. a large cyme, C. a half-opened flowes, D. a fully opened

flower. (Photos by Shengrui Yao).

“Li’: Popular commercial cultivar imported di- ‘S0 Frank Meyer's cultivar. Beauriful ornamen-
recly from China by Frank Meyer. Large, round tal tree with zigzagged branches. Medium-sized,
fruif up to 3 ounces, mid-season, fresh cating culti-  round fruit with balanced sweet/tarc flavor. Good
var. Good quality. for fresh cating and drying, Suitable for landscaping

and home gardeners.
‘Lang’: Popular commercial cultivar imported

directly from China by Frank Meyer. Fruit is big ‘Shuimen’: Frank Meyers cultivar. Medium-
and pear-shaped and good for drying. Some fruit sized, clongated fruit with big pit, good for fresh
may split if it rains at mature season. cating and drying.
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‘Sugarcane’s Small- to medium-sized, round to
clongated fruit with excellent quality. Fruit is ex-
tremely sweet and crunchy on a spiny tree. Good
for fresh cating and drying. It could be the off-
spring of Chin zsc tsao. This cultivar has low fruit
set at Alcalde, NM. Pollinizing cultivars and bee
activity are necessary to ensure good fruit set.

“GA866: From USDA Chico Plant Introduction
Station’s jujube breeding program in California.
Excellent large fruit with very high sugar content,
Fruit is elongated and pointed at the far end.

“‘Sherwood’: A seedling from Louisiana. Firm
fruit with excellent quality. Trees are upright and
narrow. Late-maturing cultivar. Good for long
growing season areas.

‘Honey Jar’: A recent importation from China
by Roger Meyer (no relation to Frank Meyer).
Round, small fruit with excellent quality. Very
sweet and crispy. Fxcellent for fresh earing. Tree is
precocious and fruits during planting year or graft-
ing year.

“Shanxi Li’: Became popular in the lare 1980s
and early 1990s in China. Now one of the major
fresh earing cultivars in China. Medium- ro large-
sized fruit with good eating quality. Mid-season
maturity. Tree is precocious and productive.

‘Sihong’: A new importarion from China by
Roger Meyer. Good for fresh eating and excellent
for drying. When dried, fruit has fine wrinkles on
its surface. Mid-season marurity.

‘Abberville’: Tree is prolific and loaded with
small fruit. Fruit quality is mediocre. Branchlets
and fruits remain on tree for 1 to 3 weeks after de-
foliation, making it a good ornamental tree.

NMSU’s Alcalde Science Center imported over
30 cultivars directly from China in 2011, including
famous traditional cultivars, recently selected fresh
caring and drying cultivars, and several early season
and ornamental cultivars. As of 2012, they are still
under USDA quarantine, but the best-performing
cultivars will be released to the public aftr several

years of evaluation under New Mexico condirions.

CULTURE

Propagation

Most commercial jujube trees are grafted on sour
jujube (Z. spinosa) because of its seed availability
and stress tolerance. Tongue-whip grafting and
bark grafting arc popular methods of jujube propa-
gation. Jujubes can also be propagated through root
suckers if the mother plants are from root suckers.
If the mother plants are grafted trees, the suckers
arc only good as rootstocks. Softwood cutting is
also possible for jujubes in a moist environment.

Precocity and tree life span

Jujube trees are very precocious. They bear flowers
the same year as planting or grafting, and some cul-
tivars can even bear some fruit. Most cultivars will
produce a few fruits in the second year. After 4 to 5
vears, jujubes will have a reasonable yield. A mature
jujube tree can have 40 to 100 Ib or more of fruit
depending on tree size and culture management.
Jujube trees can keep producing in commercial
orchards for 50 years or more. The ‘Jujube King' is
over 1,000 years old and is still producing fruit an-
nually in Shandong Province, China.

Soil requirements

Jujubes can grow and set fruit well in a wide range
of soil conditions, from sandy to loam to clay, and
from acidic to alkaline (pH 5.0-8.5). Jujubes can
survive in barren soils. Most New Mexico soils
should be suitable for jujube production.

Irrigation and fertilization
Jujube plants are quite tolerant to drought. For a pre-
mium fruit set and yield, though, jujube trees need to
be irrigared in New Mexico’s arid weather conditions.
There is limited research on jujube fertilization.
“Trees will survive with little or no fertilizer, bur for
commercial production, fertilizer applications are
usually necessary. Do nor fertilize newly planted
trees until they are well-established.

Pruning

In general, jujube’s training and pruning are simple,
but there are some basic rules to follow. “One

cut stops, two cuts sprouts” is a saying unique o
jujubes. Unlike apple and peach, if you give a one-

year-old jujube shoot just one cut in the middle, no

Guide H330 + Page 5

bud will grow under that cut. To force a main bud
to sprout below a cut, the secondary shoot must be
removed below the cut. Jujubes are light-demand-
ing (full sunshine) plants. Pruning them annually
will benefit the tree and improve the fruit set and
fruit quality.

Harvest
As the fruit begins o mature, fruit color changes
from dark green to yellow-green, known as the
creamy, white mature stage. As maturation con-
tinues, brown/red spots develop at the petiole end
(where the fruit joins the stem) or randomly in the
middle of the fruit. The color further changes to
half red/half creamy, and eventually becomes fully
red/brown, known as the fully mature stage. People
often compare firm jujube fruit texture w that of a
crispy apple. Several days after fully red, fruit texture
starts o soften and wrinkles appear on the surface.
Fruit maturity is not uniform. Fresh cating
cultivars can be markered from the whire mature
stage until they are fully red buc sdll firm. Fresh
fruit harvested when first ripe can be stored at 40°F
(5°C) for two weeks or more without losing quality.
The best time to harvest drying cultivars is when
they are fully red. In New Mexico’s arid climate,
fruits can be harvested when they start ro wrinkle
or can be left hanging on the trees for a while after
wrinkling. In humid areas, fruits must be harvested
when they are fully red in color and dried as soon
as possible to avoid yeast or mold infection. Manu-
al harvest is preferable for fresh eating cultivars. For
drying cultivars, growers in China lay tarps below
trees and then shake the trees or use long poles to
dislodge fruits. Mechanical harvest using trunk
shakers may be applicable for production of large
acreage of drying cultivars.

Pests, diseases, and disorders

In China, the dominant diseases for jujube are
witch's broom and fruit splitting, Witchs broom is
caused by a type of phytoplasma bacteria (Candida-
tus Phytaplasma ziziphi) and can destroy an entire
orchard. The worst fruit splitting, resulting from

heavy rainfall near harvest time, can ruin the entire
season's crop. Peach fruit moth (Carposina niponen-
sis) i the number one pest for jujubes in China.

It is casy to produce jujubes organically in New
Mexico becaus, so far, jujubes are discase- and
pest-free in the state. Fruit cracking is sometimes
observed in the ‘Lang’ culdvar at Alcalde if it rains
in early September. Most of the time in this cli-
matc, though, cracks will remain dry without de-
veloping yeast or fungal infection, and thus will noc
really affect fruit quality.

FRUIT NUTRITION AND USES

Jujube fruit is recognized as a nutritious food and
importan traditional medicine in China, Korea,
Japan, and Southeast Asia. Jujubes are richer in
ramin C, sugar. bioflavonoids, edible cellulose, and
minerals than other fruit species. Soluble solids con-
rent ranges from 20 to 40% in fresh mature fruic.
Carbohydrate content in dried jujubes can reach as
high as 70 to 85%. Fresh jujube fruit contains 200
10 500 mg of vitamin C per 100 g fresh weight,
while apple, pear, and peach have 1 to 8 mg/100 g
fresh weight. Jujubes are also rich in cyclic adenosine
monophasphate (cAMP), which is an important
“second messenger” in many biological processes in
the human body.

Thus far in the U.S., jujubes have been consid-
ered more of a novelty than a specialty crop, with
fresh and dried production mainly for home and
local markets. However, the fruit can be used in
many different ways. Dried jujubes are a nutritious
snack and can replace raisins and dates in baking.
Recipes have been created for jujube cake, jujube
butter, candied jujubes, and jujube syrup. In China
and Southeast Asia, besides being eaten fresh and
dried, jujubes are also processed as candied fruit,
smoked frui, juice, jam, wine, mixed beverages,
powders, and tea. Dried fruits are also cooked in
porridge or broth, and are further pracessed into
a paste for moon cake filling. As jujubes become
more familiar and popular in the U.S., many value-
added products with jujubes will be created.
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Recipes

Jujube Butter

6 pints jujube pulp

1 teaspoon nutmeg
1/2 teaspoon cloves

2 teaspoons cinnamon
10 cups sugar

1/4 pint vinegar

1 lemon

Boil fruit until tender in sufficient water to cover.
Drain, then run cooked fruit through a sieve or
colander to remove the skin and sceds. Add remain-
ing ingrediencs and cook slowly until chick. If you
want to can the mixture, please follow safe canning
procedures (see che USDA Complete Guide to Home
Canning, available from heep://nchfp.uga.edu/
publications/publications_usda.html).

Jujube Cake

1 cup sugar
1/2 cup burter

2 cups dried, minced jujube

1 cup warer

Bring these to a boil, then set aside to cool.

2 cups wheat flour
1 teaspoon soda
1/2 easpoon salt

Sift these together, then add to the wer ingredient
mixture and combine. Bake in your favorite cake
pan ac 325°F for around 20 minutes until a tooth-
pick stuck into the center comes out clean.

Jujube Paste

Cook desired amount of dried jujubes in water for
10 minutes or until soft. Make sure to not overcook
the fruit, which migh turn sour if overcooked.

Puree in a food processor, then sweeten with sugar
to taste. Work the purce into smooth paste. The
paste can be used as a spread or as filling for confec-
tions such as cookies, desserts, and steamed buns.

CONCLUSION

Late-scason startup, precocity, cropping reliability,
nutritional benefics, and mild flavors make jujube
an excellent edible ornamental and backyard tree. It
also has great potential for commercial production
in New Mexico. The large American-Asian food
market and the medicinal food market are famil-
iar with jujubes and are ready to consume them;
however, it may take some time for Americans to
become familiar with this exotic fruit. Growers can
start with small acreage, and expand their operation
10 a bigger acreage with more diversified cultivars as
the market grows.
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Abstract. This article summarizes jujube importation and culture history and current
jujube cultivars in the United States. Described within are jujube taxonomy, biology,

adaptati

jon, fruit nutrition, pests and discases, propagation, and research

nducted

in the United States. It also discusses the current issues with jujubes in the United States
and possible solutions to them. Jujube adapted and grew well in the southern and

southwestern United States, and it could become a valuable industry in the U
w

in 15 t0 20 years.

Jujube (Ziziphus jujuba Mill), also called
chinese date, red date, or tsa (z20), is native
10 China (Liu, 2006; Qu, 1963). It originated
in the middle and lower reaches of the Yellow
River and has been cultivated in China for
more than 4000 years (Giuo and Sh

Liu, 2006). Botanica
wild relative sour jujube or wild jujube (Z
spinosa Hu). In ancient times, people se-
lected and cultivated sour jujubes with big
fruit and good flavor, and it gradually became
the cultivared modem jujube species (Z
Jgjuba). There are still semicultivated sour
jujubes like “Tiger Eye', big round, sour
Jujube, and Yanjishan big Sour jujube, which
2t populér n Toiing s Shamions Prov.
ince, China, respectively (Guo and Shan,
2010,

Jujube was first dispersed within China
from its original center and then to coun-
tries bordering China. 1t was through the
famous Silk Road” that jujubes were in-
troduced to Europe at the beginning of the
Christian era (Liu, 2006; Lyrene, 1979). It
s widely dulnlnncd in Persia, Nmmm
Syria, Spain, e (Locke, 1
1570). Mostearly JI|]lIhc 1mw'¢d o Furogs
were scedlings (Locke, 1955; Lyrenc, 1979)

Recelietfor pcnivn [ Mot 2013: Accepisd
e pubicaon 2 Ape.
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d States

and were used as a table dessert or winter
sweetmeat.

Liu (2006) reviewed the jujube basics and
research in China and worldwide. Lyrene
(1979) briefly summarized the jujube trec
siwation in the United States. This review
focuses on the

States and makes a comparison with the jujube
situation in China whenever necessary.

Jujube History in the United States

Robert Chisholm first brought jujube
scedlings to the United States and planted
them in Beaufort, NC, in 1837 (Rehder
and Rixford, 1929). In 1876, G.P. Rixford
brought jujubes from southern France to
Califoria’s Sanoma Valley and neighboriny
states (Rehder and Rixford, 1929). By 1901,
Jujube had escaped from cultivation and
naturalized along the Gulf Coast from Ala-
bama to Louisiana (Bonner and Rudolf, 1974;
Lyrene, 1979). All of those early imports were
seedling plants from Europe, not vegetatively
propagated cultivars. It was not untl 190§
that USDA  agriculral explarer Frank
N Meyer introduccd the first group of com-
mercial jujube cultivars directly from China
(Mever. 1911). Mever mentioned that one of
the most promising tree crops of China was
the chinese jujube, and he predicted jujube
would be of great value in the semiarid south
and southwest United States (Meyer, 1916).
jube was one of two plants seulpted on the
Frank N. Meyer Memarial Medal from the
American Genetic Association in recogni
tion of his contribution to plant germplasm
eollection and use (Fairchild, 1920)

Jujube Cultivars in the United States

The licbe clitras i1 the Lned Sty
now include sev ips: Frank Meyer
direct imports from China, U.S. culivacs

Table . Current jujube cultivars in the Usited States.

from the USDA Chico jujube program, se-

lections from across the United States, and

recent imports from China or other jujube-

‘prowing countries (Table 1), Those in Table 1

were listed as cultivars, but only a few of

them were formally named, released, and
went through cultivar trials.

Cultivars imported through Frank Meyer
and the remaining cultivars currently in the
United States. Frank N. Meyer reportedly
‘made four rips to China (1903-08, 1909-11,
191215, and 1916-18) (Plantexplarers.com,
2012). Locke (1948) mentioned that 83 of
2500 of Meyer's Pls to the United States were
jujubes. The author weat through all the
190518 Pl records (online now) and found
that 67 jujube accessions were directly im-
ported by Meyer from China (Table 2) (Gal-
loway, USDA, 1907, 1908, 1909, 1909b,
1912; Taylor, USDA. 1916a. 1916b, 1917a,
1917, 1917, 1922a, 1922b). Besides Frank
Meyer's collection, others also collected 20
jujube accessions from 1905 to 1918 with
14 from China, four from the United States,
ane from Paris, and anc from Asia (Table 3)
(Gallowsy, USDA, 1909c, 1910, 1911,
1911, 191lc, 1911d; Taylor, USDA, 1914,

1914b, 1915, 1917, 1917¢, 1919). Later,
those accessions were rarely mentioned in
literatures.

Table 2 md.c.m that Mcycr visited the
five major jujube-producing provinces in
China: Hebet (Formerly. Chib, Shandong.
Shanxi, Shaanxi, and Henan Provinces as
well as the Beijing and Tianjin areas. Frank
Meyer collected roots or budwood of an
unknown big-fruited cultivar during his first
trip in 1905, which possibly did not survive
because this was his finst Jujuhc import
without any rootstock preparation, and the
Sipamcnt Raclf raay haoe boc e robcrmatic,
He sent back 12 batches of jujube seeds from
jujube cultivars and sour jujube (Z. spinosa)
from 1905 10 1907, Some of thase sceds were
collected in Sept. 1907 from famous cultivars
like “Chin s7¢ tsao® Jinsi zao0 in Chinesc),
“Yuen ling tsao (Vuanling zao), and two rare
flat cultivars like mini apples in Shandong
Province. In Mar. 1908, Meyer collected bud-
wood for the famous ‘Lang’ and “Mu shing
hong tsao” together with *Hu ping tsao’ (Hup-
ing 7a0) and “Tsui ling tsa0’ (Cuiling 7a0)
from Shanxi Province, The USDA Chico
Station received them in 20 Ape. 1908, which

ned a new era for jujubes in the United
States with big-fruited cultivars.

Meyer collected the major cultivars in
each region, like *Chin sz tsao’, *Yuen ling
tsa0’, “Lang tsa0’, *Hu ping tsa0’, and “Ta
tsa0" (big-fruited tsa0) and ‘Hsino tsao’
(small-fruited tsao). However, “Ta tsao’ and
“Hsizo tsa0' are different from region to
region, which usually refer to the two local
dominant cultivars, but they are different in
size. He alsa collceted some rare cultivars—a
flat one resembling a mini apple, a seedless
(pitless) one named “Wu hu tsio® (Meyer,
mu “Yu m (Ya za0, tooth-shaped),

ontoured one with gnarled and zigzagged
branches, ‘So' (Pl 37484), nd another onc
with crooked and twisted branches called
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REVIEW

fruit quality scattered in people’s backyards

Cultivars

without names. Locke (1948) mentioned that

F. Moyer's collection 3

T, MoV ST

the patent office distributed jujube sceds to

Chica breeding prograny
Cultivars from across the United States

Albama Silverhill,* Ed Hegard.* Swobada™
California Don Polenski* Jin,* Posterville,* Redlandt #4,* Sugarcane*
Georgia Fitzgeruld.* Leon Burk,* Prine*

Flocids. Geant*

Kansas Topeka*

Kentucky e

Lovisiana Abbeville.” Sherwood”

Pennsyvana o

Tennessee RITI

Texas

Washingion, DC

Taports after the 19905
R. Meyer's import™®
1. Gilbeat’s import

NMSU Alcalde’s import

hong, So, Yu
GARS6, GI-7:62Chico, GI- 1183, Thorrless.

Admiral Wilkes:

Shanx: Li, Honeyjar, Globe, Seplember Late, Ant Admire,
and Sthong.

Qiyuexian/Autumn Beauty,
Deligh™? Black Sca™, Coco™, etc.

st 42, Jins 03, Ples, o, “Teéapot, etc., with tota of
0 cult

Masgo Dong ZhoWintee

interested people in 1854, This is why there
arc many cultivars from  different states
named after people or towns, which are the
result of long-tenm selections from seedlings
or survivers of Frank Meyer's imports. Some
of them could be the same cultivar but were
found and renamed at other locations.
netic analyses are needed to clarify their
relationships. To date, there has nat been
much genetic ar molecular work on jujubes
for cultivar classification and grouping in the
United States.

Some cultivars from this group are of
sufficiently high quality to be_officially
named, but most of them lack regional tests.
erwood” (Atkins, 1987) was
an excellent cultivar for California, Texas,
and Louisiana, but it has poor fruit set and
does not ripen before first frost in northern

Atkins, 1987
+Ashton, 2006.
*California Rare Fruit Growers, 1996,

“Xotcfrut (R. Meyer), 2013

*Dragon’ or *Dragon’s-claw’ (Meyer, 1911).
He also intentionally collected wild jujube
sceds as rootstocks (Meyer, 1911) and seeds
from trees with good fruit flavor for cultivar
breeding purposes (Table 2). Meyer men-
tioned everimesthe hen eggsize ujube
frui * was one of
accessions imported, the very ﬂm one [l’l
17752) was an unknown cultivar,
vegetative parts from 34 cultivars (two W
hu tsao” from different locations), one acces-
sion was a rooted plant from one of those 34
cultivars, and another one was a sample of
dried fruit; the other 29 aceessions e scads
from cither Z

The observation and research work on ju-
jubes at the USDA Chico Station contintied
until the end of the 19505 (Ackerman, 1961).
Now Li* and ‘Lang’ are the two most
available cultivars in the United States. *So’,
“Yu', “Mu’ (Mu shing hong), and *Shui men’
of Frank Meyer’s importation are also avail-
able in small quantities at Fountain Valley,
CA. a private collection of Roger Meyer (not
dirsetly related to Frank Meyen), who is
a jujube enthusiast and viee-president of
California Rzre Fruit Growers [Xotcfruit
(R. Meyer), 2013].
“uliivars from the USDA Chico breeding

Jujuba cultivars (26 secessons). All it
Meyer's introductions wee first planted at
the USDA Plant Introduction smm at Chico
and were ater distributed to other USDA
stations, especially in Dalhart, Big Spring,
and Lubbock, TX; Woodard and Lawton,
OK; Garden City, KS; and Tucumeari, NM
(Locke, 1948). In the mid-1930s, J.L. Collins
of the Tennessce Valley Autharity tested 40
cultivars near Norris, TN, and ‘R3T1’ (Row
3, Tree 1) was a selection from that planting
(Osbom and Miller, 2009).

In the 19205, the USDA Chico Station
recommendzd four culivars—*Mu shing hong®
(P11 22684), “Lang’ (PI 22686), “Shui men* (P1
38245, md L1 (1 36245) (Thomas, 19201

“Mu shing hong’ w
bes varigica™; “Lang’ wias i bet vanely
for general Shui men” was “of

purposes

averge m and useful for many purposes

and *Li” had *the largest fruit and is one of
e b b i o ripened one to two
weeks later.” Coincidently, all four culti-
vars were originally imported from Shanxi
Province. Locke (1948) mentioned three of
the four cultivars without ‘Mu shing hong’.
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program.
the USDA Chico Station by Dr. Ackerman
and his colleagues, although most of them
were not officially released.

“Chico’, also called *G1-7-62', bred at the
USDA Chico Station, is a seedling of PI
37484 (‘So’) with round but flattened fruit,
Paul H. Thomson, who i

New Mesico. The author noticed several
jujube trees 30 10 50 years old or older across
New Mexico with good quality for both fresh
cating and drying that would be worth further
attention and testing.

Recent imports from China and other
juiube-growing areas. In California, Roger
Meyer imported several cultivars from

China’s Nanjing Botanical Garden in the
1990s (ol (R. Meyenh 2013). Jim
Gilbert of One Groen World Nursery in
Oregon, introduced *Autumn Beauty’ and
“Winter Delight'™ from China (Ashton,
2006) and several cultivars from the Ukraing
(personal communication) and the New Mex-
ico State University Sustainable Agriculture
Scimce Cener ot Alakle, NM, dirctly
imported over 30 cultivars from China in
2011 Cultvar cvaluaion teals are greatly
nceded across the United States to move
jujube production forward. Growers need
more cultivars for different purposcs and to

changed ‘and increased rapidly after 1980
and especially since the 1990s. Researchers
have done significant work on jujube germ-
plasm collection and selections. An increas-
ing mumber of new selections were named

of Califomia Rare Fruit Growers, named it
“Chico’ to remember the Chico Station in
California (Thomson, 1971). ‘GI-1183" i
another cultivar from the USDA Chico Sta-
tion bred by Ackerman from unknown sour-
ces (Ashton, 2006). ‘GABG6’ is a cultivar
bred and selected at the USDA Chico Sta-
tion by Ackerman with unknown sources
{Ashton, 2006; Cah{omna Rare Fruit Growers,
1996). “Thomless' is a cultivar bred/selected
atthe USDA Chico Sttion by Ackerman and
Sumith; the fruit shape is similar t0 *Lang’ and
the source is unknown (Ashton, 2006).
Cultivariselections from across the United
States. The United States does not have large
germplasm resources (gene pool) for cultivar
selection like China does, but after more than
175 years of jujube cultivation in the United
States, there are some jujube plants with great

afier 1990, but brecding is still
problematic as a result of jujube’s tiny flower
and the multiple flowers in a florescence (Li
2006). There are over 800 jujube cultivars in
China now (Guo and Shar, 2010). There are
total of 60 to 70 “cultivars” in the United
States, but only a few of them are commer-
cially available. Hopefully, aficr several
years of rescarch and cvaluation, we will be
able to recommend 10 to 20 cultivars for
different purposes 1o growens.

Taxonomy and Biology

¢ belongs to the Rhamnaceae (Buck-
thom) family. Tts close relative is the sour
jujube, from which cultivated jujubes were
selected (Liu, 2006). Sour jujube erows in the
wild in the mountainous areas of northern
China. It is sometimes used as hedgerows,
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Table 2. Jujube accessions imported from China by agricultural explorer Frank N, Meyer during 190518,

Chinese Collecting, Province/ares
Pluo.__Colleting dute Plant part Name nume location (now)
T far. oot or bud sticks of a large- fruied. WA T, CRbTy LET]
cultivar
17892 20Mar 1905 Seeds of sour jujube Suin tsa0
18565 20Mar 1905 Seeds NA Peking
193945 Oct. 1905 Seeds from market of a large- fruited  NA Peking.
cultivar
19397 26061905 Seeds NA Pee-s
20092 26Sept 1906 Seeds of a lange-fruited cultivar NA Viadivostok, Siberia
20618 30SepL 1907 Seeds Chin e tsa0 i i
21619 7 Sept. 1907 Seeds Yuen ling tsao Tt
2099 Aug-Sept 1907 Sceds miure from different locations N
1 22 Aug. 1907 Twen ku lu tsao WK
Sour jujube seods Suin tsa0 (33
Seeds Tum ku yu tsa0
NA
Budwood 2o
Budwood AR
Budwood [
Budwood [
Budwood 4
912 Seeds NA @
31737 4 May 1911 Drld s, e cglonlly fom Homan - NA
35253 W Mar 1913 Culing: Wu b tao Fh
3934 oM 193 Cutings Wa b tsao Fthm
35255 30Mar 1913 Cuttngs Tz lin o AUE
3525 W Mar 1913 Cuttngs Tang 120 E
3957 30 Mar. 1913 ings Hsiao tsa0 s
35260 30Mar 1913 Rooted plants of 35253
3587 ISMar 1913 Sourjujube secds Sun tsao ok
35601 1 Apr 1913 Seeds (scion is 35255)
356021 Apr. 1913 Seeds Pou hong ta tsao SLAT
35603 1 Apr 1913 Sceds Yuan ling tao £
3600 1 Ape 1913 Seeds Ta hong a0 AT
35605 1 Apr 1913 Sceds Tahsiaohong tso  RMIE
35606 1 Apr. 1913 Seeds Hsiao tsa0 E
35607 1 Apr. 1913 Seeds Hsian tsa0 K
35608 1 Apr 1913 Seeds Rio hsiao tsao Fyh
3 1 Apr. 1913 Seeds Pou hong hsiao teo  #ATAIE
36852 7 Now, 1913 Budwood Tawao *F
36853 8 Nov. 1913 Budwood Hsiao tsao
36854 9 Nov. 1913 Budwood Yutsao
IS 23Dec 1913 Budwood Tawan
34I6 24Dec. 1913 By Tileiton
348 6 Jan. 1914 Budwood
389 K Jan. 1914 Budwood l|mgchm 2 shu
37650 4 Feb. 1914 Budwood M licu too
37668 10Feb 1914 Budwood Tatsao
KT M Mar 1914 Budwood Tatao uyehsien, Shantung.
38243 4FGh 94 Budw Ta Yuan tsa0 Paihisiangcl Sha
341 14 Feb, Budwood Tizo a0 Pahsangehen, Shenxi  Shansi
3248 14 Feb, Budwood Shut men ts30 Pahsangehen, Shanxi  Shanxi
38246 14 Fob. Budwood ChiIsin tsuo Paibsiangehen, Shanxi  Sha
3247 14 Feb, Bixtwood Yuan 130 10 Paihsangehen, Shanxi  Shansi
3249 14 Feb, Budwood Litsio Anyihsien, Shanxi Sant
350 14 Feh, Budwood Ploplotso ihsi
2SI 14 T Budwood Ken tsi0 Shom
3252 14 Feb, Bixtwo Ku a0 Shanxi
3853 14Fe, Budwood, less twisted than 38252 i
32K 27 Feb, Bixiwood e Walipu, Honan Henan
3260 27 Feb, udwood Chutyehehngisio SRR Nondn Henan
38261 27 Feb. 19 Budwood Ma ya Cou tsao S Homn Henan
IS 27 Feb, Bwood Su fsan K H(mun Heran
3914 20 Jun 1914 Saeds Hsiang tsa0 #x Pekin Beijing
40506 20 Jen. 1915 Budwood Clin baoor Fitno  SKGEA  Pinchow, Shensi Shaanxi
40877 20 Jan. 1915 Seeds of 40506 Chin sao or Feitao &M FEIA  Pinchow, Shensi Shaanx
40878 31 Jan, 1915 Seeds of 37476 NA Lingpao, Honan Heran
40899 5 May 1915 Seeds for rootstocks Peking Beijing.
Seeds from big fruits for new selection Peking Bejing
Small fiuits used for seeds as rootstocks  NA Peking Beijing
“Chibli was the old name for Hebei Province, China.
N/A = no available in the original reference.
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and local people also collect the fruits for its
sceds, which is a traditional Chinese herb
™ or use the fruits for soft drinks
o further processing. I s s snacks
dircetly when freshly picked during  harves
time in small quantitics (Guo and Shan,
2010). The fruits of sour jujube are small
and pufly without much flesh between the
skin and the seed: however, it has higher
vitamin C and titmatable acid contents than
jujube cultivars (Wang et al., 1956). Indian
Jujube, or ber, is also from the same genus
(Ziziphus mauritiana) and s widely planted
in India and nearby countries (Baloda et al.,
2012). Jujubes are also known as chinese
dates as a result of the similarity in appear-
ance of dried jujube fruit and dried date (date
palm, Phoenix dactyiifera). Inlcmmgly lhc
Chinese word for date palm (*zon
erally means palm jujube as a result Worin
milarity 0 jujube.

Jujube is a small tree of 20 to 30 feet
depending on location with strong and hard
wood. Its leaves arc shiny, ovate or oval in
shape, not branched, and altemate. Leaves
are 2.5 t0 5.5 cm long and 2 to 4 em wide.
Buds and shoots. Jujube shoots are differ-
ent from other fruit species. Vigorous new
shoots of peach, apple, and grape can have
branches in the same growing season, and the
branches have similar structure to the pri-
mary shoot. Jujube has four types of shoots:
primary (cxlumnn) shlux. secondary shoot
(side branches), mother-bearing shoot (fruit-
ing spur). and imll—bwing shoot (branchlet)
(0 1) Tho i knds b e
main buds, dary buds, and dormas
bads (L, 2006: Yao, 2012a)

There are two buds, one main bud and one
secondary bud, at cach node of both the
primary and sccondary shoots and at the apex
of the mother-bearing shoots. The terminal
i B G 58 ey, it il keep

cach scason 1o expand the tree
Eanony,and he sl main b (o the s
of cach secondary shoot) nomally do not
sprout and become dormant exeept. with
strong stimulation. The secondary buds on
cach node of the primary and secondary
shoots are early-maturing buds, which pro-
duce secondary shoots or fruit-bearing shoots
(Ya0, 2012a),

The jujube primary shoot is always
accompanicd by secondary shoots (side
branches), or the secondary shoots are part
of the primary shoot and later diverge in
function. The primary shoot elongates ev-
ery year o expand the tree canopy. The
sccondary shoot acts as a base for the
fruiting structure, docs not extend in length,
and withers back after 2 or 3 years. At cach
node of the secondary shool is a mother-
bearing shoot (fruiting spur), which is a
compact spur that grows =1 mm nnd -
ve fruit-hearing shoo
year. ‘The fruit-bearing shoot (bunchkn is

hin, flexible, deciduous, and 10 to 20 cm
lonl, it bears flowers and fruits at its axi .
The primary shoot, secondary shoot, a
branchlet are zigzagged and spiny (Vaﬂ.
2012a).
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Flowers and fruit. Unlike apples or
pesches, fnubes do nt bave g, s
flowers. 1is flowers are fragrant, pa
yellow i color, and small wih diameters
ranging from 4 to 8 mm (Fig. 2). A jujube
n.mr ms five sepals, five petals, five an-
d oo ovary with two ovles (Yao,
S The e sepals
setie before nticas. The anber and peal
are isometric between sepals, and the pefals
ane spoon- or cup-like and hold the anthers
until” polien-dispensing. The nectary disk
around the ovary is full of nectar during
bloom and attracts insect visitors. Flower
buds initiate as the branchlets grow. Flowers
can appear singly or in a cluster at each leaf
axil. Jujube’s flowe cluster (inflorescence) is
acyme (Fig. 2) with upto 13 flowers depend-
ing on the cultivar and its position on the
branchlet. Jujube flower buds initiate, bloom,
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and develop to mature fruit within one
growing season, which is unique and ditfer-
cnt from most tres fiuit crops. Ju,u\m Mnam
for several weeks, making jujubes

nectar plants for the Asian hnncyhnc Mpu
cerena) in China. However, in the United
Suates, the western honeybees (dpis melii-
fera) rarely visit the jujube flowers in New
Mexico, and a jujube grower in Califoria has
made a similar observation (Roger Meyer,
personal communication).

Jujube fruitis a drupe with on pit stonc)
in the middle containing up to two seeds. Its
fruit derives from its ovary and the nectary
disk (Liu, 2006; Yao, 2013). Fruit size varies
from thumb-sized to golfball-sized depend-
ing on the cultivar. The fruit shape can be
round, oblong, oval, ovate, obovate, oblate,
apple-like, or abnormally shaped (Liu, 2006)
(Fig. 3). Jujubes are very precocious: they

Table 3 Jujube ollected from 190518 by athers exclixing Frank . Meyer.
o, Tocation Presenter Cultivar Plant part
35 Beufort, SC F. Chisolm Stock
24573 Kutais Province, Transcaucasia  N.E. Hunsen Fruit
25777 NA Stock
26109 JH. Judson Plant
28764 David Griffths,
28926 TJ. League Cuttings
28027 TJ. League Cuttings
20336 1S Whitewright Roots
3a084 amer Kin Seeds
34162 L. Reynolds Plant
4574 NS. NA
37069 Yame: Kin Budwood
3707 Yamei Kin Budwood
39477 Paula Ritier NA
42046 €6, Howard NA Cuttings
42305 1G. Cale Pu tao tsao Cuttings
42306 1G. Cale Tan tsa0 Cuttings
42307 1G. Cole P tao tsao Cuttings
42308 1G. Cole 130 1520 Cuttin
42309 1G. Cole Ma yu tsso Curtings

NiA = notavalablo n he orimal elerence,

Fig 1. Juj @Wp
fruiting spur), (D) old fiuiting spur,

L (B)
fruit-bear

y shoot, (€ shoot (young
g shoot (beanchlet) (Adspeed from Yao, 2012a).

Fig. 2. Jujube flowers: (A) a simple cyme, (B) & lurge
flower (Adapted from Yao, 20123).

cyme, (C)  half-opened flower, (D) & fully opencd
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‘normally set some fruit the second year after
planting and even sometimes set fruit during
the year of planting or grafling.

jujubes have morning blooming type and
afternoon blooming type (Lyrene, 1983; Yao,
2012b). In China, a lot of dominant cultivars
were self-fruiting, some cultivars performed
better with cross-pollination, and a few of
them were self-fruitless or self-sterile with-
out pollen (Guo and Shan, 2010; Wang et al.,
2006; Yan ct al., 2010). However, cross-
pollination ahways increases fruit set and
improves fruit size, quality, and seed de-
velopment. Some home gardeners have pol-
lination problems in the United States. Until
athoroughly jujube fruit pollination and fruit
set study has been completed, it is recom-
mended to plant two cultivars for cross-
pollination. There were a few reports about
parthenocarpic cultivars, but more research is
needed on this as a result of the tiny jujube
flower and replication issues (Guo and Shan,
2010; Lyrene, 1983).

Jujube’s Adaptation and Culture

Jujubes adapt well to a wide range of soil
and weather conditions. They grow across
China except in Heilongjiang and Jilin Prov-
inces and the Tibet region. Jujubes grow from
010 2000 m clevation, between lat. 18°14 1o
45° and long. 76° to 124°, and in soil pH 5.5
108.5(Guo and Shan, 2010; Liu, 2006). In the
United States, they grow from Pennsylvania,
Washington, DC, North Carolina, South Car-
olina, to Florida, then from Florida, Georgia,
Tennessee, Louisiana, Mississippi, Okla-
homa, Texas, Kansas, New Mexico, Arizona,
In(‘thnmm(A*Mmu 2008; Brubaker, um
Locke, 1948; Lyrene and Crocker,
Farehid (1918) reported that jujubes ol
tolerate 48.9 °C in the summer in northem
California and withstood 30 °C in the win-
ter. Jujubes have been shown 1o grow and
fruit well in the hot and arid southwestem
United States (Locke, 1955; Meyer, 1911
Thomas, 1927; Yao, 2012a). In China, the
story is similar: Hebei, Henan, Shandong.
Shani, and Shaanxi are traditionally the five
dominant jujube-producing provinices, but
during the last 20 years, jujube plantings in
the Xinjiang region, where the climate is hot
and arid, have produced the best fiuits in
China with prices two 1o three times higher
than others (Liu, 2008). Because jujubes fike
full sunshine and tolerate hot weather, the
southwester United States is an ideal loca-
ton ke jujubes where the arid climate also
restricts many discasc problems

Numerous authors have mentioned.the
£ & crin (BRECIM,

| 1989; Lanh:

1926 Locke, 1948; Lyrene, 1979; Meyer.
1916; Thomas, 1927; Yao, 2012a). With its
late-season start-up, it avoids much of the late:
frost threat and. as result, jujube trees rarely
miss a crop. Jujube normally leafs out 4 to
6 weeks later than most temperate tree fruit
crops and it blooms even later and continues
blooming for 2 months or longer. Because it
finishes flower bud initiation, blooming, fruit
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requirements are 90 mg for men and 75 mg
for women, and based on the average vitamin
C content, 20 10 30 g of fresh jujube/day (one
to three fiuit depending on the fruit size)
would meet this requircment.
Cyclic adenosine monophosphate was
firstisolated from jujube fruit in 1980 (Cyong
5 d cGMP in 1982
(Cyong and Takahashi, 1982). It was found
that cAMP and cGMP from jujube fruits had
the same physicochemical propertics as pure
CAMP and ¢GMP. The cAMP content of
jujube fruits ranged from 100 to 150 nmol g '
of fresh fruit and from 100 10 600 nmol-g * of
dried jujube fruit, and the cGMP content was
30 10 60 nmol-g ' dried fiuit and it increased
90 times as the fruit ripened (Cyong and
Takahashi, 1982; Qu ct al., 1987). Liu and
Wang (1991) reported the highest cAMP in
jujube cultivar Muzao at 303 nmol.g ' fresh
weight (756 nmol.¢ ' dry weight), which is
the highest known in higher plants. Cyong
and Hanabusa (1980) found jujube cAMP
content 10 times higher than all other fruit
l~swd Zhao et al. (2009) studied the cAMP
3MP contents in different jujube culti-
nus, development stages, and organs. The
CAMP is a second messenget in our body, and
the jujube fruit could be used as a natural
source of CAMP (L, 2012). (As for cAMP’s
medical effosts, please referto Screzani ctal.,

2008.)

Jujube fruit also have high total phe-
nol contents and total antioxidant activity

amiloglu etal., 2009; Lietal., 2005). Inthe
19205, people paid attention to sugar and
proteint content and compared jujubes with
dried palm date and figs (Church, 1924). Cur-
rently, with higher health awarcness, people
pay more attention to the benefits fruit pro-
vides, like ascorbic acid, phenols, anti-
oxidants, and medicinal effects. Consumers
would aceept jujube fruit much easier than
in the 19205, It is expected that the jujube
commercial production era could be immi-
nent in the United States.

Jujube Propagation

Jujube grafting has been recorded in the
oldest Chinese farming book, “Qi Min Yao
Shu’” (Essential farming skills for the com-
mon people), which was published 1400
years ago (Guo and Shan, 2010). However,
in practice, the most widely used method of
jujube propagation was by root suckers in
China until the 1960s. After the 19805, as
more new cultivars were selected and re-
leased, jujube grafting with sour jujube
rootstocks hecame increasingly popular.
In traditional jujube-growing regions,
ple still used root sucken to propagate
because their trees were from root suckers
and their new suckers still produced fruit
identical to the mother plants. In new pro-
duction arcas, plants were grafted and the
suckers only uscd as rootstocks for grafting,
not direetly for planting. Researchers also
tried softwood cunings (Shens a1, 2006)

Fig 3. Juj

setting, and maturing within one_growing
season, it is not directly affected by the
previous year's weather or pest problems
that, for other fruit, may have a carryover
effect on retum bloom.

Jujubes are drought-tolerant (Fager and
Edward, 1989). The tree can survive withan
annual rainfall of only 200 mm, but for
better fruit set and fruit quality, more pre-
cipitation or supplemental irrigation is

ded. In Tueumeari, NM, there are sev-
cral untended jujube patches that were
planted in the 19305 (Fig. 4). They spread
by seeds or by root suckers on dryland sites
without any irigation or care and have
survived for 80 years. The trees can survive
extremely dry weather and will set fruit in
wet years, which makes them good back-
yard or landscape trees.

Nutrient Contents.

Jujubes have been used in China as fiuit
and » tradtionnl Chincsehee for  Jong tme
because of their_bencficial health efts,
although their nutricnt was ot

seeds of Z jujuba (Otsuka et al., 1978). As
a tesult of its ability to inhibit platelet
aggregation, jujuboside B could also be used
in preventive or therapeutic herbal medicine
for cardiovascular discase (Seo ct al., 2012).
Jujube fruit s high in sugar, vitamins,
edible cellulose, minerals, cyclic adencsine
te (cAMP), and cyclic guano-

sine monophosphate (cGMP) (Church, 1924;
Guo and Shan, 2010; Liu, 2006; Liv and
Wang, 1991). Jujube fruit has much higher
sugar_concentration than most. temperate
fruits like apples, peaches, and grapes. The
soluble solids content of grapes can reach
22% to 25%, but for jujubes, 30% soluble
Solids conteat is not rare and some cultivars
can reach 40% (Meyer, 1991b). Wang et al.
(1956) reported the ascorbic acid (vitamin C)
content of jujube fuit t© be 300 to 500 mg/
100  feah weightand 800 10 1000 me/ 100 ¢
fresh weight for Z spinasa. Bi et al. (1990)
tested the vitamin C content of 121 jujube
cultivars and found an average of 412 mg/100 g
and a range from 166 to 808 mg/100 g with
Rreshcating cultivars containing ess vitamin
Cth wever, most of the

clear at that time. The sour jujube seeds were
usedto treat insomnia, which could be related
10 the jujuboside A and B in the seeds and
their sedative effect (Fang et al, 2010).
Jujuboside A and B are also found in the

.')','.

I'.’

vitamin C gets lost d.m, the sun-drying
process, and on average only 10% remains.
So, for the benefit of vitamin C, eating fresh
jujube fruit is much better than eating dried
fiuit, The USDA recommended daily vitamin C

1;!
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putches there ranging from 0.2 1 0.

Fig. 4. Eighty-yea-od, naurlly spescing jujobe pach of Tucumcar, NM, 2012, Thro wae sevesl
$ ha each. The fow old original plantings could stillbe seen in the

cods or
with heavy rainfl, but during most years, they likely set few it and
igation. The average mnual lroiitiion s Tycngst 1 403

water without irri
Z jujuba with small fruit (Photo by S. Yuo

most popular propagation method. T-budding,
which is popularly used in pome and stone
fruit propagation, does not work well for
Jujubes as a result of their shoot and bud
structure and their thin bark. Whip tongue
grafting, bark grafting, and cleft grafting
are the most popular and smessml gt
ing methods (Guo et al., hip
grafting requires that the i uf the
scionwaod and rootstock are similar. This
grafting method is the most_difficult to
perform, but it can use the small rootstocks,
and windbreak is rare afler grafting. Bark
grafting needs to be done in the growing
season when the cambium layer is active,
and its operation is easier than whip geaft-
ing. Clefi grafting and side graftng can
also be used in addition to bark and whip
grafting, clefl grafting is used with big
rootstocks, and side grafting can be used
in warmer arcas. With jujube’s hard wood
and lack of T-budding. jujube grafting is
more challenging than other fruit tree spe-
cies. However, with a combination of whip
grafting and bark grafting around tree bud-
ding time and several weeks after that, the
author achieved 95% grafting success in
northern New Mexico.

The majority of jujube plants sold from
nurseries now are grafted plants on sour
Jujube rootstocks. However, for those sca
tered old plantings in people’s buckyards,
some are on their own roots and their suckers
are identical with the mother plants, which
can be used directly for planting. This is
especially useful for home gardeners who
want to get a jujube plant from friends or
neighbors.

Pests and Diseases

‘The dominant jujube diseasesin Chinaare
witches-broom and fruit splitting/eracking
Witches-broom is widespread in jujube-
producing areas in China, Korea, and Japan
(Guo and Shan, 2010; Jung etal., 2003; Zhou
etal., 1998). It can wipe out a whole orchard,
and there is no cure except for preventive
management. Witches-broom is caused by

plasm, Candidatus

led 10 obtain encugh
The species is

HowiScience Vor. 48(6) June 2013

The most important insect problem on
jujubes in China is peach moth (Carposing
‘nipponensis) damage to fruit, There are also
other inscets that damage leaves. In the
United States, the pest and discase pressure
for jujubes i low at this time. Most re-
searchers in the United States mentioned that
there were no pests and diseases for jujubes
thus far (Ashton, 2006; Locke, 1955; Lyrene,
1979). We have yet to see disease problems
in New Mexico, but we occasionally noticed
peach moth damage w the sour jujube fruit
that was colleeted in Las Cruces, NM, for
seeds that will be used for rootstocks. In
Califomia, growers have complained about
bird damage to fruit (Roger Meyer, personal
communication).

jube-related Research in the United
States

Formal jujube research started when the
big-fruited cultivars were imported to the
USDA Plant Introduction Station at Chico,
CA. in 1908. Scicntists evaluated the im-
ported cultivars, propagated them at Chico,
dispersed them 1o other USDA stations for
evaluation (Locke, 1948), recommended cul-
tivars, tested their nutrient value, researched
their pollination and fruitset (Ackerman, 1961),
and conducted juube cultivar breeding/
selection. Bonner and Rudolf (1974) tested
jujube and sour jujube sced gcrmmmmn
‘and found that jujube and sour jujube

could germinate directly, but stratification
for 2 to 3 months increased the germination
rate; water soaking at 21 to 37.8 °C for
2 d also prompted Z spina-chisti seed
germination. Outlaw et al. (2001) studicd
the uube nectar compositon and found i
was dominated otal
sugar content. ]u]ubc flowers .mracled 18
species of insects, including bees, flies, and
beetles, but honeybee numbers were not high
in the netted insects. Kader et al. (1982)
sudied the postharvest storage of jujubes at
the Univensity of California-Davis and found
that jujubes were high in sugar and total
pheriols but low in tiatable acid. They also

(Jung et al., 2003). The leafhopper species
Hishimonus selltus Uler (RLED (Dot et al.
1967), Hishimonoides chinensis (Wang et al.,
1984), Hishimonodies aurifavialea, and
Typhiocyba sp. (Chen et al., 1984) were re-
ported as vector insects for jujube witches-
broom disease.

Fruit splitting/eracking is a water-related
physiological disorder that can ruin the whole
crop in some extreme years. The severity of
the problem depends on water management
during the growing season, precipitation
around the fruit maturation season, and cul-
tivar resistance to splitting. Guo and Shan
(2010) mentioned that serious splitting and
fruit rot happened once every 5 years with
40% fruit loss in Lsoling County, Shandong.
Province. Maintaining a stable water supply

itnear the top of thelist ofﬁ\nls for vitamin C
sources. The jujube fruits were stored at 0 °C
for 26 d and exhibited chilling injury of
pitting (Kader et al., 1982). Lyrene (1983)
observed be cultivars flowering and
fiuiting in Florida and noticed two blooming
types with varied fruit set. He concluded the
heavily fruited cultivars were parthenocarpic
such as “Silverhill” and *Leon Burk', which
were recommended for the southeast United
States. Sweet (1985) discussed jujube culti-
vars, propagation, and production in his
article and predicted a large market potential
for Chinese jujubes in the United Stares.
There were quite a fow people across the
country from the North American Fruit Ex-
plarers group who tested jujubes in their own
yards ororchards. In general,jujube research

and tissue culture propagat jujube:
(Wang et al. 2009), but grafing is st the
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will ease splitting,
but the cultivar is what makes the ultimate
difference.

isvery limi United States, and there
are almost no research publicati
2001.




Jujube Uses/Processing Products

When jujube fruits are close (o maturity,
their skin color tums from dark green to light
reen/creamy with high vitammn C content
(white mature stage). The soluble solid con-
tent measures =20% for most cultivars, The
fruit then change color and become half
ereanvhalf red and eventually tum fully red/
brown (crisp mature stage). At this stage, the
fiuit becomes crispy, sweet, and juicy with
high sugar and acid content. The fruit skin
gets thicker, harder, and easier to separate

flesh afler boiling. Fruit have the
best fresh-eating quality at this point, but
the vitamin C content starts to decrease,
After that, the skin of the fruit will wrinkle
and start to dehydrate and the flesh color
near the kernel changes from greenish white
1 yellowlight brown and twms soft. Sugar
and acid contents continue (o increase, and
vitamin C content continues to decrease (fully
mature stage). Depending on the purpose,
jujube fruit can be picked from the white
mature stage, to the crisp mature stage, or the
fully mature Stage. Fresh-eating cultivars can
be picked from the white mature stage until
the crisp mature stage when the fruit texture
is still firm,

Red date (dry date). Red date is the
dominant jujube product for the domestic
and export markets in China. Fruits are
picked when they are fully red or the fully
e Mg becxiss e maes i ()

sugar content and drying
beai

can
or heat-dricd. Heat drying is the optimal
method because it retains more vitamin C,
leads to better fruit quality, and avoids
disease-related fruit losses. Red date can be
consumed directly as snacks; used in por-
ridge, stew, soup, or tea; or processed frther
as jujube paste or other products. “Zongzi” is
a iraditional Chincse food that s consumed
near the Dragon Boat Festival to remember
the patiotic poet, Qu Yuan. Red dates are
placed in the middle of sweet rice, which is
then wrapped by bamboo or reed leaves and

cooked for 2 to 3 h. After the cooking
process, the red date is sweet, tasty, and gives
the surrounding glutinous sweet rice great
flavor. The red dates of small-sized cultivars
like *Jin sze tsao’ and *Wu hu tsao® (pitless)
are excellent when cooked with rice or millet
in porridge (Meyer, 1911).

Candied jujube (honey jujube). Frank
Meyer (191 1) mentioned the cooking process
of honey jujubes, which have been popular in
China for ~200 years. Fruits are picked at

white mature stage and 60% to 80% of

vitamin C content can be kept, which is much
higher than the sun-dricd jujube. Fruit sur-
faces are sliced with rows of blades or
needles to enhance sugar-soaking and prod-
uct appearance (Guo and Shan, 2010).
Spirited jujube (‘drunk”jujube). Frvits are
picked during the fully red stage and 60% to
70% of the vitamin C content is preserved.
Spirits of 130 ta 140 proof or good-quality
hard Tiuor is used for this product. The
jujube fruits are poured into the liquor and
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and tree. With continuous research and ex-
tension input plus good promotion strategies,
after 15 to 20 years, jujube production could
become a valuable industry in the United
States.
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fully covered with liquor. They are then
sealed in jars or zip bags and can be stored
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scaled in small packages and sold direetly in
those packages several months later (Guo and
Shan, 2010).

Smoked jujube. This product is mainly
produced from the cultivar Yuan ling ts20 in
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and then smoked. The product can be eaten
directly or used in cooking.

Roasted jujube. Red dates are used for this
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before roasting. Fully mature fresh fruit of
drying cultivars can also be used but require
a longer roasting time than using dried

Jujube jam. Full red fruits are also used
for jam, which can preserve 65% to 0% of
the vitamin C content. The fruit needs to be
skinned and pitted for this

Jujube pustefilling. Jojube filling is
widely used in the pastry industry in China;
it is one of the traditional fillings of moon-
cakes (Guo and Shan, 2010; Yao, 20124). Tt
can also be directly spread over bread.

Jujubes can also be used to make juice,
wine, and vinegar, whereas the red date is
also widely used in the culinary world.

“The Chinese and Southeast Asian popu-
lations in the United States ane used to having

bes in their diets, consuming them frcsh,
dricd, or processed. If we promote jujubes
and want the rest of Americans o consume
them, American-style jujube products are
needed. There are a few recipes listed at
Ashton (2006), California Rare Fruit Growers
(1996), and Guggenheim (1994)

Eating fresh would be the casiest way for
Americans to accept the fruit. The author
conducted some jujube fruit-tasting work-
shops, including the New Mexico State Fair,
and with school kids through the Cooking.
with Kids program in Santa Fe, NM. Most
people who tasted the fruit liked them. Fresh
jujubes have an apple-like texture without
a1y srong. avr and re eveet 10d oo
tious. With a good promotion program, it
would not be difficult for o b 8 scteot

it Fresh fruit can also be
together with apples. It
scems the ascorbic acid preserved well for
products cooked with fresh fruit (S. Yao,
unpublished data), which would be beneficial
because people have more concern about
health than before. Fresh fruit can also be
used in ice cream or fruit salad or processed
into jam.

Toricd jujubes can be dircetly used in fuit
and nut mixes or used to replace raisins or
paim dates in buking for cakes, tarts, or other
pastry products or baked poods. Jujube paste
can be used directly as a spread or used as
filling for other pastrics. A popular prodhuct is
needed to promote the jujube and to develop
& viable market.

Jujube is also a multipurpose plant (Outlaw
et al., 2002). Except for its fruit, jujube
i a nice nectar plant with a long bloom-
ing period and jujube honey is papular in
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Challenges and Opportunities: Why Not
an T

n Industry Yet?

When jujubes entered the United States,
Frank Meyer and other rescarchers who
worked with jujube were impressed with
jujube’s fruit quality and nutrient content,
wide adaptability, reliability, lack of frost
damage, drought tolerance, and easy care
Lanham, 1926; Meyer, 1911). They pre-
dicted a bright future in the United States,
especially in the Southwest (Lanham, 1926).
There was another round ofinterest in jujubes
beginning in the 1980s, especially among
the members of the California Rare Fruit
Growers and the North American Fruit Ex-
plorers. Growers and home gardeners had big
interests in jujubes and wanted to promote
Jjujubes in the United States. Roger Meyer
wrote u series of papers about jujube culture,
propagation, fruit use, and cultivar collection
(Meyer, 1988, 1989, 1991a, 1991b, 1994;
Meyer and Meyer, 1994, 1994b). Jujube was
the “Fruit of the Year” for the California
Rare Fruit Growers i
1994). However, lack of rescarch st
propagation hurdlcs, limited cultivan
lack of marketing, promotion, and American-
style products all restrict jujube’s adoption in
the United States.

After hosting @ “jujube-growing habits
and pruning workshop™ in the spring and
“jujube flowering, fruiting, and fruit-asting
workshop" in the fall for 3 years, more anc
more people are interested in jujubes in New
Mexico and the nearby states. Currently,
murseries have a hard time meeting the jujube
plant demands. Realizing the challenges for
commercial jujube production, these areas
are what scicntists should focus on; pomola-
gists should conduct research on pollen
‘genmination, fruit set, cultivar regional trials,
and culture practices with the goal of recom-

ecialists should write more jujube
publications, cducate the public, and guide
the commercial jujube production. Food
scientists should experiment with American-
style jujube products while agricultural
marketing specialists work on jujube pro-
motion and marketing. Growers can start
small and expand gradually. With big cities
like San Francisco and New York, it would
be m ey s o targetingth Aen
population and Asian markets with fresh fruit
or dried fruit mu date). As more and more
people come to know this exotic fiuit, free
sampling at local markets would enhance
customers” acceptance. The basic foundation
i solid: with jujube’s wide adaptation to soil
and weather conditions, it docs grow and
produce well in the southern and southwest-
em United States with excellent fruit quality.
Jujube is an excellent backyard tree for home
gardeners, serving dual purposes for its fruit
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-1477 Project 7: Fresh Market Green Chile Market Development and Promotion

Green chile display at a
Giant Eagle Store. Summer
2015
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Instagram post by Frieda’s
Produce promoting the Get
Your Fix program and Hatch
Green Chile. Summer 2015
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Chile roasting lessons
in Cleveland. Summer
2015

Chile roaster
mechanics in
Pittsburg. Summer
2015
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Summer 2015
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