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Optimization of Medjool Irrigation
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D2VNNN OMPNAD DN YT DY NPINN MDY NRVIANND O1PMY 17 DD DY NYIYNN
D02 MPYN PYNN D1 DAIPNN 2172 .0PNDPHI D0OHNNT DOYNN NN DY MNY MNP
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TPPYN NN VINYW YT DY YINDN YONI DN VIDIWN NN HYY 1) ONN (1 )0 1Y PPN
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1 NYRY 1NN N2 OORONINT MPPYN NN DYIPN N2 DYTN MO NPYN DPIN IPNHNN NNDNI
I N DY PYN YON DY 1NN MITIN TPPYNN NN O3 NMON 3 NYIVN 1NAN 90N D00
3 NN N2 ,MPON NN 3 NPYNA AW Yoa DONY 5 Sy MW 9-1 DON8Y 45 9pNna HnHn
D92 NPYHINN DIV .2 /10/D78T ~6 TPHNRVYN MM YA DN NPWINND NPV .1 : DD IMDN
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D2¥9 3-1 2 MYRY NPNIAD WHYN 1T NN NPYN
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.02 OOy
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6 91901 MOY MNXIY PN 1N (2018 NIV MTA NINT VIP) YaNN NPAY TY TTHIN NONN
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MNNIN P9 N 2018 20 DY ININND 19N MNNINND ANPA OTAN 19N W (2020) NMIVD
.ono oM
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DN MIRNN PNV NYW/I0D

MYNN NINA INIVHY YIIN DIIVT YA : PPYNN N NN OV MYND YN YNNI 2590 NPNA
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YN OV PWTIN PYNNY MR D120 MND YN
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N MY ,50%-02 SYOIN PN NINN ANP MN/DVST 6 DINVIY (DD DD 2.75 S HHNY NN
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S5y M 600 PTHA 119D 19N MIDXT 25¥I) .4 DOVWINI NNNIN NON MINNN OWHOHUN P
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TOMIT NIAW 197N OV

NNNN NN : (WM APN) oINNH oV

J(Phenacoccus solenopsis) TVTPINN HPNNP NPOIVIIN TN NASWN NI12TN PYNI NN : H%ONH oY
NN ON DY WITA

PO 935N 1T IUNRY PN

(Mwyn) Biobest/»27191 1 ,nadown n1270 NPARND YMPY :9PNnY 0'9my

NOWN) : (199Y0/505UN)) N%ONN DIVYVD

-2017 : %501 00 NYNNN 1Y

:APHNN MIVM NYAN NININ NP YPI
The cotton mealybug, Phenacoccus solenopsis (Hemiptera: Pseudococcidae), was first
found in Israel in 2010. It is an invasive insect pest that feeds and damages over 200 plant
species. In Israel, it is a pest in greenhouse crops, mainly sweet pepper, tomato, eggplant
and fresh herbs and it is problematic for gardeners as it feeds on a range of ornamental
plants. From 2016-2017 an investigation into the natural enemies of this mealybug was
initiated on a national level. We found 14 species of insect natural enemies associated with
Ph. solenopsis. The list includes; four parasitoid wasps, eight species of predatory
ladybeetles, a gall midge and a species of a lacewing. We selected one candidate species, a
parasitoid wasp, Aenasius arizonensis, to conduct control experiments on populations of
Ph. solenopsis in laboratory and net house settings. This species was selected based on
observations of high level of mealybug control in the field. Laboratory rearing of
mealybugs and wasps were established on the southern Arava R&D experimental farm.
Experiments to study parasitic rates and mealybug/wasp dynamics were conducted in
2019. It was found that the wasps can produce multiple generations on pepper plants
infested with mealybugs with high rates of parasitism. More information is needed to
assess how many wasps should be introduced to suppress different mealybug infestation
levels and how temperature affects parasitism rates throughout the pepper growing season
in the Arava. In addition, Yad Mordechai (BioBest), an Israeli/European insect company,
is now partnered on this project and we will be collaborating on how to scale up insect
production at their facility and will be conducting field trials in organic pepper houses in
the Arava and Western Negev.

Project objectives:
To sustain rearing of wasps and mealybugs for transfer to Yad Mordechai (BioBest)
for field trial experiments that have been planned for May 2021 and August 2021 in
organic pepper nethouses in the the western Negev and south Arava.
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: (1893 3IYT 11390) DTV MVIVWI IPHNN 1IN

Grants submitted Vegetable Board (12.9.2020) | pending
for 80,000 nis
for field trials in pepper
Negev/Arava
Amount of potatoes 100 kg= 700 spuds ongoing
from YM
Amount of insects 22,300 mealybugs ongoing
delivered to YM (mixed ages)
Sept-Dec, 2020 3,100 adult wasps
Work hours: March-December, 2020 ongoing
800 hours@ 56 nis/hr
Malkie
Lisa (assistant) March 2020 Fired due to
6 days corona cut backs
42.5 hrs@ 32 nis/hr+ travel March 2020

Mealybugs/wasps sent to YM, Sept-Dec, 2020

: NV /D23%2 MNNIN

Date Mealybugs (mb) Wasps Notes

7.9.2020 7linfested spuds 0
(~8800 mb)

5.10.2020 42 infested spuds 600 adults
(~4000 mb)

26.10.2020 | 20 infested spuds 1,200 adults Perspect cage (1x small)
(~2000 mb)

16.11.2020 | 27 infested spuds 1,300 adults Perspect cage (1x large)
(~7500 mb)

14.12.2020 | Uncertain how many, ~2,000 adults
delivery dates were
postponed due to Adir's
quarantine

28.12.2020 | 17 spuds with ~1500 adults First time sending spuds
mummies ~ 1000 with mummies ~1000

:(799) DIVWTH BININID 0201999 ,NINYIN , 09922 ,0991°0) NAIPN 191193 979193 IYIY MNIIYD

11.6.2020 a visit from Yad Mordechai employees, Guy Gafni, head of Yad Mordechai
R&D and Adir Golan, manager of mass rearing, to discuss collaboration and rearing

needs.

21.12.2020 a visit from Yad Mordechai employee, Aline, the field manager of Arava
district and Avi Elhaik, CEO of Yad Mordechai. The meeting was to introduce new
Southern Arava R&D manager, Oren Bar Lavan and to discuss a new contract for

2021.

M. Spodek presented the history of the project and pitched a new research proposal to
the Pepper Board, vegetable branch of the Ministry of Agriculture, 12.1.2020. Asked
for 80,000 nis, results pending.
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$9PNHNA 2Y IN 1PNNN TYNNY TMNINNI HIINYNNIY NPYA ,NNIPON 1191
This project has been given a future with joint funding from industry, Yad Mordechai/
BioBest. M. Spodek will continue to collaborate with industry in developing a mass
rearing of the wasp and will be involved in collecting data for pilot projects on a national
level in different crops. In parallel, M. Spodek will maintain a rearing at her laboratory at
the southern Arava R&D and plans to conduct field trials to test wasp density release rates
during the upcoming pepper season in the Arava and Western Negev.
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.(Cynanchum acutum L.) ©902 TTINN PN ¥ 2¥y2 2190 : NN)ONN OV

Managing the swallow-wort weed in date orchards in the southern Arava

NMIXN NNN = (¥ NTHI) DINND DV

PTI90 Y390 7T HOUNI PN

:IPNNY DaMY

Dr. Maor Matzrafi- Department of Plant Pathology and Weed Research, Newe-Ya'ar

Research Center, Agricultural Research Organization (ARO), control, physiology and
ecology of invasive weeds maorm@volcani.agri.gov.il

Dr. Ran Lati- Department of Plant Pathology and Weed Research, Newe-Ya'ar Research
Center, Agricultural Research Organization (ARO), non-chemical weed control and
precise weed management, ranl @volcani.agri.gov.il

Dr. Jessica Schiackermann- Southern Arava R&D & DSASC, agro-ecologist,
mopres @rd.ardom.co.il

Mr. Mason Russo- University of Hawaii at Manoa, USA, entomologist (PhD candidate)

NOWNI : (NYDID/NOWNI) NXIDNN DIVLD
2019-2023 : NMONN DYDY NYNNN TN

: PIPN
Swallow-wort (Cynanchum acutum L.) is an herbaceous perennial stranglevine of the
Asclepiadaceae family. In the southern Arava, this plant has become a problem in date
palm plantations where entire trees can be engulfed by the weed, especially young trees.
The current use of donkeys to control weeds in date plantations is not effective because the
plants contain toxins which make them inedible. We will study the distribution of
swallow-wort in date plantations of the southern Arava, develop new integrated weed
management practices, including the use of insects as biological control agents. We will
also evaluate ecological and human features/predictors for future swallow-wort spreading
in date plantations.

:PNND MIVIIY NPYIN NNOIN ISP YPI
Swallow-wort (Cynanchum acutum L.) is an herbaceous perennial stranglevine of the
Asclepiadaceae family, originating in southern Europe. It is widespread in the
Mediterranean region from Spain, east to Iraq. It is known as an invasive weed in
cultivated fields, orchards, fence rows, natural areas and roadsides. The vine grows
vigorously and it can shade the entire plant canopy of trees. Complete eradication of this
plant is unlikely because of its enormous seed production, dispersal by wind and water and
the ability to propagate vegetatively. In the southern Arava, this plant has become a
problem in date palm orchards where entire trees can be engulfed by the weed, especially
young trees. The current use of donkeys to control weeds in date orchards is not effective
because the plants contain toxins which make them inedible. Little is known on the
biology and ecology of natural enemies of swallow-worts in Israel. Members of the
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Asclepiadaceae have specific insect fauna associated with them and these insects have
never been studied in Israel for swallow-wort control. We will investigate different
management methods, including the use of insects as biological control agents.

The objectives of this project are:
1. to study the distribution of swallow-wort in date plantations of the southern Arava

2. to evaluate ecological and human features/predictors for future swallow-wort spreading
in dates

3. to examine new pre and post-emergence herbicides and herbicide combinations for the
effective control of swallow-wort.

4. to evaluate the ability of new application methods to improve herbicide efficacy.

5. to study swallow-wort biological and phenological data to optimize weed control
methods, and develop new integrated weed management practices.

6. to identify and evaluate the efficacy of biological agents (insects) for swallow-wort
control.

: (1803 YD 1NI5N) DTN MYV IPHND ToNN

1. Distribution of strangelvine:

The entire team met on May 24-25, 2020 to design and conduct vine density surveys.
Six orchards were surveyed to date. We will repeat this survey in May, 2021. A
survey was sent to the growers with more detailed questions about density and
distribution of the vine in their orchards. Maps will be generated from this data.

A trial run with a drone took place for image analysis of vine density in May 2020,
however, low correlation was found between image based distribution and ground
visual surveys. The objective of this part of the study was to evaluate the potential
usage of image-driven data to identify and quantify stranglevine infestation. For that
purpose, an orchard of young palm trees in kibbutz Ketura was imaged using
Unmanned Aerial Vehicle (UAV). Flight was conducted 50 m above ground level,
resulting in ground sampling resolution of ~1.0 cm/pixel, using a DJI Phantom 4 Pro
UAYV (Shenzhen, Guangdong, China). The UAV is equipped with 20 M Pixel RGB
camera with wavelengths at 620-750 nm (R, red), 495-570 nm (G, green) and 450-
495 (B, blue). Mission planning was conducted using DJI Ground Station Pro (GSP)
software. Flight was with 80% image overlap along flight corridors. Then,
Pix4DMapperPro desktop software (Pix4D SA, Switzerland, http://pix4d.com) was
used to generate ortho-mosaics. Six ground control points (GCP) geolocated with
Real Time Kinematic (RTK) survey precision were used to georeference the ortho-
mosaics (Figure 1). The Pix4D processing options were done according Pix4D’s “3D
Maps” template version 4.1.10.

2. Ecological and human features/predictors for future swallow-wort spreading in dates:
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A survey to the head gardeners of the settlements in the southern Arava was sent
about the extent of stranglevine. Data collected will be combined with date orchard
density mapping. A survey was also sent to the date growers to detail the extent of
strangelvine in each orchard.

3. New pre and post-emergence herbicides and herbicide combinations for the effective
control of swallow-wort:
Herbicides were applied on the rhizomes and seedlings grown in 0.25L pots in the
net house in summer time. We applied both pre-emergence and post-emergence
herbicides. Pre-emergence herbicides were applied after sowing while post-
emergence herbicides were applied at different phenological stages, 5-7 and 10-12
leaf stages. Plant weight was recorded 21 and 42 days after treatment.

4. New application methods:
This will be done in 2021

5. Swallow-wort biological and phenological data:
Rhizomes were collected from a palm orchard at the Arava region next to kibbutz
Lotan in 2020. Rhizomes were cut into short (5 cm) and long (10 cm) fragments and
tested for; time of emergence, number of shots, average weight and length per
rhizome.
Swallow-wort was observed during monthly insect surveys throughout 2020 in 4
different orchards in the southern Arava.

6. Insect survey (potential biological agents):
Monthly insect surveys starting from February 2020 were conducted in 4 orchards
(3 conventional and 1 organic). Different feeding patterns were observed and
connected to plant phenology and insect species.
Insects were brought back to Malkie's laboratory for rearing in the case of
uncertainty about stranglevine feeding.
Insects were sent for identification to various experts at the Steinhardt Museum of
Natural History, Tel Aviv University.
Cuttings and seeds were planted in a net house on the experimental farm at the
southern Arava R&D for herbivory experiments in 2021.

: NPOYD/D2)] NMIRNIN

1. Distribution of strangelvine
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Figure 1. Sample of drone images from Ketura, May 2020. A. Ortho-photo B. Zoomed in image of
1 date palm tree, black arrow points to the palm tree and the red points to the stranglevine plant.

The ortho-photo was then analyzed manually to evaluate the detection ability of
stranglevine plants (Figure la). More specifically, we aimed to evaluate if manual
scanning of the ortho-photo images obtained via the UAV can replace our ground survey
to detect infected trees and quantify the infestation severity. For that purpose,the ortho-
photo was enlarged and each tree was monitored individually (Figure 1b). Figure 1b.
shows how stranglevine plant patches that are separate from the palm trees can be easily
detected and classified from their surroundings. This segmentation may allow for future
evaluation of the infestation level by area and density analysis of the extracted plant. It will
also allow monitoring the infestation of the weed through time. However, the figure also
shows how stranglevine detection on the trees is more problematic. The weed can be
detected only when it reaches the higher parts of the tree, but can hardly be observed when
it still infest the bottom parts of the trunk. As most stranglevine plants were located on the
bottom parts, the accuracy kevel of this detection method was not satisfactory. This year,
images were acquired from a vertical angle above the trees, thus, the trunks and the bottom
parts of the trees were hardly observed.

2. Ecological and human features/predictors for future swallow-wort spreading in
dates:

Surveys are being collected and the data is being analyzed.
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3. New pre and post-emergence herbicides:

Pre-emergence herbicides applications:

Common name Trade MOA Manufacturer Rate Pre/Pos
name (gaiha’) t
Pendimethalin Stom  Mitotic inhibitor BASF 550 pre
p 330®
Pyroxasulfone Pull-  Long-chain fatty Kumiai 15 pre
Swing® acid inhibitor
Indaziflam Alion Cellulose Bayer 15 pre
® biosynthesis
inhibitor

Figure 2. Pots with rhizomes treated with three pre- emergence herbicides after planting. Rate of
emergence for each treatment was recorded 30 days from treatment.
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Post-emergence herbicide applications:

Common name Trade MOA Manufacturer Rate
name (%)
Glyphosate Roundup 5- Bayer 2,4%
® enolpyruvylshikimate-
3.

phosphate (EPSP) synt
hase inhibitor

Glufosinate Globus®  Glutamine Synthetase =~ ADAMA- 1,2%
inhibitor Agan
Fluroxypyr Tomahaw Synthetic Auxin ADAMA- 0.25,0.5
k® Agan %
Aminopyralid Milestone  Synthetic Auxin Dow 0.2,0.5
® %
Carfentrazone-ethyl ~ Spotlight  Protoporphyrinogen FMC 0.75%
® oxidase inhibitor
Flumioxazin Strike® Protoporphyrinogen Sumitomo 0.1%
oxidase inhibitor
Saflufenacil Heat® Protoporphyrinogen BASF 0.01%
oxidase inhibitor
Surfactant Shatach - ADAMA.- 0.1%
90® Agan
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Treatnment

Rhizomes 5-7 leaves
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Figure 4. Treated plants that we demonstrate in Figure 3 after another 21 days of regeneration.

Plant weight presented as a percentage of the untreated control.
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stage. Plant weight was recorded 21 days after application and presented as a percentage of the
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Figure 6. Treated plants that we demonstrate in Figure 5 after another 21 days of regeneration.

Plant weight presented as a percentage of the untreated control.
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Figure 7. Seedlings treated with various herbicides at the 10-12 leaf stage. Plant weight was

recorded 21 days after application and presented as a percentage of the untreated control.

2
4 . efe=s | %TsndopP
s %1 $nge 06 UIeIRYS +9570 UOISIA
3 06 USBI2US +%5'0 Ualsa| Iy 06 YPeIRLS +967°0 UOISIA
2 " 06 YSEIZYS +%7°0 UoLsa| Iy Wiods
a s
A Whiandg o
S QTS
— e g 8 8 § R °
an [
=
k=
S|
o
o
25

(Jonuod Jo 92) 1yBiam yeay) J00yg

treatiment

Plant weight was recorded 42 days after application and presented as a percentage of the untreated

Figure 8. Treated plants that we demonstrate in Figure 7 after another 21 days of regeneration.
control.

52 [y



2020 v N7

Herbicide application conclusions
Our initial results showed several promising treatments and combinations that can be
used to control swallow-wort. After 21 days, weed control was highly effective. The
best treatment (Globus 2%+ Shatah 90, Roundup 4%+ Heat, Roundup 4%+ Strike)
(Figures 7-8).
The hormonal herbicides were more efficient against the swallow-wort for the long
run. The Tomahawk and the Milestone inhibited the regeneration of the plants from
their rhizomes (Figures 5-6).
In our preliminary experiments, no clear effect was observed in different
phenological stages of 5-7, 10-12 leaves (Figures 3-6).
Seedlings were more sensitive than the rhizomes in terms of weed control and
regeneration. For seedlings, the herbicides that burn the plant tissues (PPO
inhibitors) were more effective, separately or in combination with systemic
herbicides (Figures 3-8).

5. Stranglevine biology
Although emergence started at approximately the same day (15 days after sowing),

higher final emergence rate was recorded for the 10 cm fragments (Fig. 9A). The 10
cm fragments showed higher values compared with 5 cm fragments for all other
parameters; number of shoots per rhizome (Fig.9 B), average shoot weight (Fig. 9C)
and average shoot length (Fig. 9D).
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S. Stranglevine phenology

new growth flowering seed pods open seed pods

March  April May June July August Sept Oct Nov Dec Jan Feb

Figure 10. Swallow-wort phenology in southern Arava, 2020, based on monthly observations in
date orchards.

6. Insect Survey
= List of insect herbivores and associates of the vine collected to date. A field guide
was prepared with photos and all life stages of the insects and their feeding
characterization for easy identification in the field.
= Some insects still need to be identified.
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Order Family Common name | Latin name

Herbivores

Hemiptera Lygaeidae True bug H1 Spilostethus pandurus

Hemiptera Lygaeidae True bug H?2 Tropidothorax leucopterus

Hemiptera Lygaeidae True bug H3 Sent forID ??

Hemiptera Aphidae Aphid AlAphis nerii

Lepidoptera Nymphalidae Butterfly BI Danaus chrysippus

Lepidoptera Crambidae Moth B2 Hodebertia testalis

Lepidoptera Erebidae Moth B3 Eublemma cochylioides

Lepidoptera Crambidae Moth B4 Spoladea recurvalis

Orthoptera Pyrgomorphidae Grasshopper GHI1Pyrgomorpha conica??

Orthoptera 7 Grasshopper GHU?2 Sent for ID ??

Associates

Hymenoptera Ichneumonidae Parasitoid wasp | Diplazon laetatorius

Hymenoptera Braconidae Parasitoid wasp | Sent for ID ??

Hymenoptera Formicidae Ants with Trichomyrmex mayri Forel
aphids Plagiolepis pallescence Forel

Tapinoma simrothi phoeniceum Emery

Coleoptera Coccinellidae Predatory CI Coccinella unidecimpunctata

beetles C2 Coccinella septempunctata
C3 Hippodamia variegata
Coleoptera Dermestidae On flowers Attagenus sp.
Neuroptera Chrysopidae Lacewing Chrysoperla carnea

Monthly insect surveys that started in February 2020 will continue until the end of
January, 2021, concluding a year of collecting and observations. The insect data will
be summarized to include seasonal data and feeding habits. Ten insect species from
three insect orders have been observed feeding on the stranglevine. Orders include;
Hemiptera, Lepidoptera and Orthoptera.
Two Lepidoptera species; Danaus chrysippus (butterfly) Hodebertia testalis (moth)
have been selected for herbivory experiments in 2021. Their larval stages have been

observed all year around in the date orchards and they show a significant amount of
feeding.
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= Stranglevine that was planted in July and August 2020 from cuttings and seeds has
shown to grow successfully under nethouse conditions with non-treated irrigation
water.

Figure 11. Strangelvine planted from cuttings and seeds in southern Arava R&D nethouse on
experimental farm for insect herbivory experiments in 2021

: OMIYOINN N7YT H919) 1NINKRD HITD NN TYINN NINY IPNNI MNTPNND

" A master degree student was hired for a 2 year period. He is supervised by Prof. A.
Gamliel (ARO) and Dr. M. Matzrafi (ARO) and registered at the Faculty of
Agriculture, Hebrew University of Jerusalem. In his first year he worked on vine
propagation and herbicide testing at Neve Yaar Research Center (ARO).

= Collaboration with Mason Russo, a PhD candidate at the University of Hawaii at
Manoa, on sampling protocols for arthropod survey of stranglevine. He was in Israel
for a month (February, 2020) and continues to participate in data analysis from
abroad.

® Mason and Malkie developed a monthly insect sampling protocol for four orchards
(three conventional and one organic). Unknown insects continue to be sent for
identification to appropriate experts at the Steinhardt museum of Natural History, Tel
Aviv University. Select insects return to M. Spodek's lab for further observations
including feeding abilities on the strangelvine. A list of herbivorous insects that feed
on the vine and their associates is being prepared, including seasonal and life cycle
data.

= Seeds and rhizomes of the vine have been taken for sprouting in Neve Yaar (ARO)
and they are growing in temperature controlled chambers and have been used in
herbicide experiments in 2020.

# Contact with head gardeners on kibbutzim (settlements) has been made in order to
assess the extent of the vine in ornamental gardens. Visits and assessments in Ketura
and Neot Smadar have been made. Future visits to other settlements need to be
arranged. This data will be included in stranglevine distribution maps.
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A second survey has been sent to the date growers to collect more information about
the extent of the vine and basic information about the orchards for each kibbutz
(November, 2020). The results will be used for distribution mapping.

A net-house tunnel on the south Arava R&D, has been prepared for stranglevine
propagation and future herbivory experiments of potential insect bio-control
candidates. Rhizome cuttings of the vine from the southern Arava and seeds from
Avivim were planted in July/August, 2020. An irrigation regime was established for
the vine for summer and winter months (Figure 11).

:(19) ©WIN DNINYD DIV NMIRNIN DX NPID,057110) NNHPN TINNA 97193 WYY MNPV
Meeting with date growers to update them on the development of the project,
including partners and projected milestones 27.1.2020.

M. Spodek gave a lecture about this subject to members of Kibbutz Ketura 9.2.2020.
M. Spodek attended a Weed Science Society of Israel meeting on 17.7.2019 on
Kibbutz Erez, met potential research collaborators and collected information on
weed management.

Zoom conference with date growers to introduce research partners and update on
research 17.11.2020.

Uri Bar, Msc student, presented a poster at the Israel Society of Crop and Vegetable
conference, 9.12.2020 (Figure 12).

On 5.1.2021, the team had a second meeting at the southern Arava R&D, reviewing
the data collected at the herbicide experiments and discussed plans for the
experiments for the upcoming season.

Uri Bar, will be presenting at the upcoming Weed Science Society of Israel meeting,
February 9, 2021.
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All research partners are actively involved and everyone is doing their part in this project.
On May 24-25, 2020, the team met in the southern Arava and we visited six orchards, with
varying degrees of vine density. This will be repeated in May 2021. A density survey was
designed and performed in six orchards to characterize the extent of the weed. This data
will be analyzed and transferred to a series of maps. A drone was used for a trial run to
assess how imaging vine density can compliment ground surveying and another trial will
be tested in May 2021. Next year (2021) we will evaluate if varying imaging angles can
improve our detection ability that may make the stranglevine plants more observable.
Regardless, the actual monitoring will still be done manually on the ortho-photo, yet, it
may replace the tedious and time consuming ground survey.

First year herbicide experiments included robust screening of close to 40 different
treatments. Several excelling herbicide combinations will be further examined next year.
Phenological studies will continue on the plant at Kibbutz Samar, where the plant is not
being currently treated. The monthly insect sampling survey will continue for another
month (until the end of January, 2021). This data will then analyzed and presented to show
diversity and phenologies. A net house has been set up on the experimental farm at the
southern Arava R&D for vine propagation and future herbivory studies of potential insect
bio-control candidates. A second survey has been distributed to the farmers, in order to
collect more information on vine growing conditions and current treatments. This
information will be used for maps and for field evaluations.

milestone oy . Scheduled
4 Description of the milestone G
1 Map of wegd dlstrlbutloq/dens1ty in southern Arava 2020-2021
from drone image analysis
) Llfe-cyc!e of vine described from lab and orchard 2020-2021
observations
3 Identifying effective new herbicides treatments from 2020-2021
lab and orchard experiments
List of associated insect fauna and selection of a
4 potential bio-control candidate based on sampling and | 2021-2022
lab experiment
5 Identifying the safe treatments and field evaluation 2021-2022
6 Effective new integrated control protocols 2023
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BACKGROUND
Agricultural produce is one major source of income in the Arava region. Insect pests are one of the

main threats to production in most of the Arava crops and hence can threaten the livelihoods of
many families in the southern Arava region. Pesticides exist for the treatment of many pests, but
not for all (example greater date moth), and the farmers follow a protocol for pesticide application
to achieve optimal results. These protocols require extensive labor and can be highly expensive if
several rounds of pesticide applications are necessary. Insect pests are one of the main threats to
date production ' the lesser date moth Batrachedra amydraula Meyrick (LDM) and the greater date
moth Aphomia sabella Hampson (GDM) are the main pests (personal communication with the
farmers). If not treated properly they can cause extensive damage to the crop: 50% — 100% by
LDM and 20 - 40kg per tree by GDM, which equals 320-640 NIS per tree (personal
communication with the farmers). Chemical pesticides exist but are expensive. Tracer, which
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controls the LDM, costs about 700NIS for 200 trees. In addition and to fulfill local and export
regulations the agricultural products must meet strict maximal pesticide residual standards. Hence,
the last spray in date palm plantations can be applied not less than 80 days prior to harvest (some
farmers maintain 150 days) and in this period the fruits are unprotected. In addition, the
development of resistance of pests may occur , certain pesticides might be taken off the market
due to new regulations, and pesticides may cause health risks to people and harm the environment.
Avoiding or limiting pesticide use can, therefore, be more healthy and sustainable.

One way to overcome these problems and limitations is to use insects, birds, and bats as biological
pest control. Bats have already been proven biological pest control agents in several crops such as
corn >, cotton *, cacao >, macadamia ®, and rice paddies " and moths are an important component of
the bat's diet. In corn agriculture, bats were found to exert sufficient pressure on a major corn pest
(corn earworm, Helicoverpa zea) to suppress larval densities and damage and in addition, suppress
pest-associated fungal growth and mycotoxin °. Their impact has been proven to be of high
economic value (1 billion USD globally/year in corn, 3.7 billion USD/year in all North American
crops, 21 Euro/ha in Mediterranean rice) *’. Birds have been found to provide important ecosystem
services (ES) for agriculture in the form of biological pest control ®. Their services were found to
be effective in various field crops ° and have significant economic value '°. The southern Arava is
located on one of the world's busiest migratory routes of birds '', along with extensive agricultural
use, hence a very promising combination for ES provided by birds. Thus, insectivorous birds and
bats are important in agricultural systems because they regulate insect pest populations both in the
day and at night. We found that of the 16 insectivorous bat species known from the Arava region,
11 actively hunt within the date plantations. These preliminary results indicate that desert-dwelling
bats forage in these agricultural habitats and prey upon a variety of insects throughout date
plantations.

OBJECTIVES

Our approach to pest control is unique and new to the area. We study the role of day- active and

night-active vertebrates as control agents (birds and bats) which may be beneficial by controlling

pests in field (vegetables) and plantation (dates) agriculture. Our research aims to understand and

enhance the ES provided by insectivorous birds and bats in the agro system of the southern Arava

and use of our knowledge in other agrosystems in Israel. The following questions are guiding the

research:

- Which bird and bat species are actively foraging in agricultural fields/plantations (vegetables
and dates) in the southern Arava?

- Which species of these are contributing the most ES to agriculture, by preying on pest insects?

- What are the main habitat structures and qualities attracting these species to agriculture and how
can we use these attributes to improve and encourage more intensive foraging behavior?

The study is carried out in the agriculture of the southern Arava (conventional and organic), by
monitoring birds and bats with point counts and acoustic monitoring and understanding their habitat
preferences by correlating data about the habitat with species richness and activity. The gained
knowledge will help to understand their needs better and how to attract them to agricultural areas
(with habitat manipulation). By increasing the foraging activity of birds and bats in agricultural
fields, we will achieve two important goals: reduction of pesticide use and enhancement of natural
ecosystem services.
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Based on the collected data, we aim to develop an applicable guide demonstrating methods to
enhance bat and bird ES in date plantations in Israel. This guide will be available to date farmers and
other interested parties. In addition, we will demonstrate these methods in local and regional
workshops. The proposed project will be the first of its kind in agro-ecosystems in arid habitats of
Israel, and the results of this study will influence management practices in farming in arid areas
designed to enhance sustainable agriculture.

IMPLEMENTED WORK

January to June 2020
We choose the sites for the implementation of the work.

Dates: Three date orchards: Organic farm with undergrowth — Samar, Organic farm without
undergrowth — Neot Smadar, conventional farm — Elifaz.

1. Conventionally managed with no undergrowth of weeds; application of herbicides and
pesticides.
Organically managed with undergrowth; use of organic pesticides only.

3. Organically managed with limited undergrowth due to donkeys and camels grazing within the
plantation; use of organic pesticides only.

Watermelon: Three watermelon fields, Grofit, Ketura, and Lotan. All conventionally managed.

Preparation of habitat manipulation:

January:
deciding on locations for the eight drinking spots (pools) in Samar date plantation.

February:
Planning the pools in Samar date plantation. Research regarding different options for the pools,
different materials, and prices. Based on that, we decided to build the pools by ourselves.
Purchased the appropriate plastic sheets and plastic nets in order to place it in the edges of the
pools, so animals that accidentally fall into the pool can climb out.
23/2- building the pools- dig the holes using a backhoe, cut the plastic sheets to the right size,
place it in the holes and secure it with big stones, place and fix the plastic nets.
26/2- setting the water supply system- each pool received a pipe with a 8L/h dripper,
connected to the irrigation system of the plantations (without fertilizer), in order to keep the
pools full throughout the experiment.

March-April:
beginning of the experiment:
= st stage- 8-10/3 - no water in the pools.

= 2nd stage- 11/3-2/4 - pools are full.
® 3rd stage- 3-17/4 — pools are covered.

Maintenance of pools- fill them after 1st stage and cover them after 2nd stage, cleaning and
fixing when needed.
Removing of pools at the end of April.
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June:

Reinstallation of the pools for the second round of data collection 23/6.
Bats:
We systematically collected data about bats and pests in Samar’s date orchard. The data collection
took place between the beginning of March and the end of April, with bat detectors.

January:
a preliminary study of the system:
=  meeting researchers from the Agricultural R&D (MOP) regarding pest dynamics and
management.
= pre-tours to the field and meeting the farmers.

March-April:
8/3 setting bat detectors and trail cameras near the pools. One detector next to each pool and
one detector in Ketura’s date plantations as a control site. 9 detectors in total.
In addition, 4 trail (movement) cameras were set up next to 4 pools.
Maintenance of detectors- change batteries every 5 days, change memory cards between
stages, change cables when needed.

May-June:

additional data collection:

®  Adult moth abundance based on the mass trapping experiment performed by the MOP.

®  [arvae abundance based on the date palm shaking monitoring done by the MOP.

®  Adult moth abundance based on the monitoring done by the farmers.

B Environmental data from the Israeli Meteorological Service (IMS) - wind speed and
temperature measured at Yotvata meteorological station, for all the days of the experiment
at 20:00, which is a peak hour of bats activity.

Birds:

We systematically collected data about birds and pests in three watermelon fields (Grofit, Ketura,
and Lotan) and three date orchards (Elifaz, Samar, and Neot Smadar). The data collection took
place between the beginning of March and the end of May, every week in the morning hours (6am
to 9am), by professional birdwatchers.

January:
Arranging and refining the autumn data and preparing it for data analysis. The autumn data
includes systematically collected data about birds and pests in onion, pumpkin, and melons in
Eilot, Grofit, and Ketura. The data was collected between September and December 2019.
Beginning of work with the statistician on the data.
Recruiting professional labor for spring research.
Meeting with farmers to prepare the spring research.

February:
Locating the watermelon fields and date plantation for the spring research.
Meetings with farmers, agricultural consultants, and a statistician to prepare the work on spring
research.
Training the birdwatchers to the task of data collection in the field, including showing the
fields, choosing exact locations, etc.
Preparing the application for data collection and trying it in the field.
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March:
Conducting a weekly survey in 3 watermelon fields and 3 date orchards. Altogether 12 days of
fieldwork.
Refining the work with the data collection application.
Involving the farmers in the data collection and the aims of the research.

April:
Conducting a weekly survey in 3 watermelon fields and 3 date orchards. Altogether 12 days of
fieldwork.
Advanced analysis of the data from the autumn research begins.

May:
Conducting a weekly survey in 3 watermelon fields and 3 date orchards. Altogether 6 days of
fieldwork.
Arranging the data from spring and refining.
Continuation of advanced data analysis of the autumn research results.

June:

Meetings with farmers to discuss the results of the autumn and spring research and to
coordinate the next stages of the research.

Continuation of the advanced data analysis and writing reports.

Preparing professional labor for the 2020 autumn data collection.

Preparing fieldwork schedule for summer and autumn.

Data analysis:

Birds:
During the first half or 2020, we organized and analyzed the data of autumn 2019 that we
collected in pumpkin, onion, and melon fields in southern Arava. This data was used as a pre-
study for the bigger three years study that started in January 2020.
In the scope of this research, we have conducted 3 months of weekly field observations in nine
different onion fields, five pumpkin fields, and one large melon field.
We used R statistics program for statistical analyses of the data.
Planning of the data analyses for the spring data set started.

Bats:

Analysis of the echolocation calls with ANALOOK in all the 9 detectors. The master student
(Yuval Arzi) analyzed the recordings of 12 nights for each detector - 3 nights of 1st stage, 5 of
2nd stage, and 4 of 3rd stage. The software presents graphically the calls of the bats that
reached the detection range of the detector. The student identified each call to the species level,
based on the frequencies and shape of the calls. He also identified hunting/drinking events.
Every sequence of voices counts as a pass of a bat.

Data sorting and organizing (Excel) - for each detector in every night: number of bats of each
species and number of hunting/drinking events; for each species in every night: abundance in
all the detectors together.

88 1Ty



2020 ,PMV Ny

Planning of statistical analysis for the following:

®  The difference in total bat activity among stages (with and without water), taking into
account the wind speed, temperature, and moon phase.

®  The difference in community structure (number of bats of each species) among stages

B Differences in lesser date moth abundance among stages and among near-pool sites and
no-pool sites.

®  Correlation between lesser date moth abundance and bat activity.

B correlation between fine-scale landscape variables of the pools (e.g. distance to natural
habitat, roads, trees, etc.) to bat activity and community structure.

July to December 2020
Birds:

July
Statistical analyses of spring data set birds in date plantations.
Adjusting the data collection method of autumn 2020 to remarks from the data analysis of
spring monitoring. Preparing the application for data collection to the changes made. Adding
new habitat structure variables in the fields and collecting data of birds only in a 0-50 meters
radius. The point counts method and locations did not change.

August
Meeting with farmers to locate relevant fields of melon and pumpkin.
Locating fields for the autumn data collection. 2 large fields of melons in Ketura and Grofit
and 3 fields of pumpkins in Ketura, Grofit and Yotvata (belongs to Grofit).
Meetings with farmers, agricultural consultants, and a statistician to prepare the work on spring
research.

September to November - intensive data collection in fields and date plantations. Once a week in
each point count. In date plantations from the beginning of September until the middle of
November. In fields from the time the crop is out of it's plastic cover (end of September, to the end
of November).

November - Presenting the data analysis of the fields bird monitoring in a conference.

December - Arranging the data for analysis. Collecting additional data from farmers.

Bats:

July
beginning the second round of the experiment:
B st stage- 6-9/7 - no water in the pools.
= 2nd stage- 10-25/7 - pools are full.
= 3rd stage- 26/7-1/8 — pools are empty.
6/7 setting bat detectors and trail cameras near the pools. One detector next to each pool and
one detector in Ketura’s date plantations as a control site. 9 detectors in total.
In addition, 8 trail (movement) cameras were set up next to 8 pools.
10/7 adjust the water supply system — 24L/h droppers instead of the previous 8L/h droppers.
Maintenance of detectors- change batteries every 5 days, change memory cards between
stages, change cables when needed.
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Moth monitoring: in this round of the experiment we monitored the adult moth abundance by
ourselves rather than receiving this data from the MOP and the farmers.

Moths monitor method:

= for each pool (and control site in Ketura), we placed one moth trap on the closest date tree
to the pool and one control trap on a date tree ~200m from the pool, but within the same
plot (i.e. same strain, same age, same pest management etc.).

Traps check every 2 days- counting trapped moth, replace by a new trap when reaching ~50%
capacity.

August
2/8 removing the pools.
Bat's voice identification with the software ANALOOK to analyze the recordings of all the 9
detectors.

September
Bat's call identification with the software ANALOOK in all the 9 detectors.

October
Call analysis.
statistical analyses of the data.
19/10 setting bat detectors next to melon and pumpkin fields. 5 detectors next to 2 different
melon fields and 6 detectors next to 3 different pumpkin fields.
25/10 collection of bat detectors.
Preliminary analysis of the calls indicated that 13 species of bats were recorded in the
melon and pumpkin fields among them one of the rarest species of bat, the eastern
barbastelle (Barbastella leucomelas).

November
Call analysis of all the 11 detectors (melon and pumpkin).

December
Call analysis of all the 11 detectors (melon and pumpkin).

RESULTS

Bats:

We found that of 16 insectivorous bat species known in the Arava region, 13 actively hunt within
the plantations. Among the most common species, we found open space foragers such as
Taphozous nudiventris and Tadarida teniotis, cluttered foragers such as Hypsugo bodenheimeri
and Eptesicus bottae, and gleaner bats such as Otonycteris hemprichii and Plecotus christii. In the
recent study, 13,684 passes of bats were detected and analyzed to the species level. Hence the bat
activity in date plantations stays high. Further analyses as described above are planned.
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Table 1: shows the 13 active bat species in the date plantations and how many passes of each bat species
were observed during the first experiment, including total number of feeding/drinking buzzes.

species total
Rhinolophus hipposideros 1
Asellia tridens 1
Pipistrellus kuhlii 639
Rhinopoma hardwickii 254
Rhinopoma microphyllum 126
Tadarida teniotis 309
Pipistrellus rueppellii 67
Hypsugo bodenheimeri 4933
Eptesicus bottae 5020
Otonycteris hemprichii 105
Barbastella leucomelas 584
Taphozous nudiventris 376
Feeding Buzz 598
Unknown 483

In the study of spring and summer in date plantations, the same number or repetition13,684 passes
of bats were detected and analyzed to the species level. Hence the bat activity in date plantations
stays high. We recorded 13 species of bats in the date plantations (Table 1), among them one of the
rarest bats in Israel, Barbastella leucomelas.

Species richness, Figure 1, (F 4 2 = 5.22, p < 0.025, . =(.75) and bat activity, Figure 2, (F ¢, 2 =
4.51, p < 0.032, r* = 0.69) increased when the pools were filled with water and significantly
decreased when the pools were empty. We also noticed that drinking/feeding buzz increased when
the pools were filled (Figure 3, F (. 2 = 4.88, p < 0.011, r* = 0.74), indicating that the pools were
used for drinking.

300 g
250 |
200 }
150 } A '

Bat activity
(calls/night)

100 F
50 F
0

Empty pools  Pools with Drying the
(control) water pools (second
(treatment) control)

Figure 2: Bat activity according to the stages of the water pools experiment with artificial water pools in the
palm plantations of Kibbutz Samar, spring 2020. Phase A, pools without water (control), phase B, pools with
water and phase C, pools without water. Letters indicate a significant difference between the treatments.
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Figure 3: Foraging (eating/drinking) events according to the stages of the water pools experiment with
artificial water pools in the palm plantations of Kibbutz Samar, spring 2020. Phase A, pools without water
(control), phase B, pools with water and phase C, pools without water. Letters indicate a significant
difference between the treatments.

We did not find any correlation between the activity of the bats and the density of LDM, however
both showed the same pattern and declined throughout the experiment. Further analyses as described
above are planned.

Birds:

In our autumn pre-study of birds in field agriculture, we found high activity rates of insectivorous
birds in all tested crops (melon, onion, and pumpkin). Insectivorous bird abundance was
significantly higher within the fields than in the area in general (Fig.4). In the pre-study, we
included pest monitoring and found that a higher abundance of Western Flower Thrips
Frankliniella occidentalis in onion (the main insect pest in onions) was significantly correlated to
the abundance of the Red Throated Pipit (p = 0.000721 ***), We furthermore found that many of
the insectivorous birds that can be considered for pest control services are migratory and hence
have a specific time when they are available in high abundances (Fig.5). This needs to be
considered when planning biological pest control with migratory birds.

Also in the recent study, we found high numbers of birds in watermelon fields and date plantations.
The collected data still needs to be analyzed for further results.

1%_ 130 -250 m from observer

0-30 m from observer

10% 2%

20% M Granivore
M Granivore Insectivore
Insectivore Omnivore
. m Predator
Omnivore 40%
74%
M Predator

Fig4: a combination of bird feeding guilds within the fields (0-30m) and in the general agricultural area
(30-250m)
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Fig. 5: Availability of specific migratory insectivorous bird species in all investigated crops in correlation
with the date.

The date plantations in spring showed a very different picture than the field crops in autumn. With
92% of species observed from only 7 species (5 genra) and more than 50% of the birds were from
4 species. The most common species in spring in date plantations were White-spectacled Bulbul
(17%), House Sparrow (18%), Blackcap (16%) and Lesser Whitethroat (18%) (Fig.6) Most of the
birds found in date plantations were furthermore sedentary birds, opposite to the birds in open field
crops which were mainly migratory.

Birds were significantly less abundant in the conventional managed plantation without herbaceous
ground vegetation attached or detached from trees (Fig.7). Different undergrowth vegetation in

different plantations are shown in Fig. 8 and Fig. 9.
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Fig. 6: Percentage of birds observed in date plantations in spring 2020 according to their species.

Bird Abundance for the Different

90
80
T0
60
50
40

20

0

Plantations

10

[ Elifaz [ NeotSmadar [] Samar

Fig. 7: Abundance of birds in 3 different date plantations with different management strategies.
Elifaz — conventional, Neot Smadar — organic with detached undergrowth vegetation, Samar — organic with

attached undergrowth vegetation.
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Fig. 9: Date plantation with detached undergrowth vegetation
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Discussion

We found, that small water sources (pools) in date plantations can attract insectivorous bat species
and that their foraging activity is high around water sources. This might result in positive pest
control effects on night active pests like the lesser and greater date moth. Most (13 out of 16) of the
known insect eating bat species of the area forage in date plantations and we could furthermore
proof that all of the caught insectivorous bats in date plantations are feeding on all of the tested
date pest species. This is a very promising combination for biological pest control services. We
still have to determine if the bat houses will attract bats and can act as alternative roosts. Also,
birds are active in date plantations but they prefer the organic managed plantations over the
conventional plantations. Organic plantations usually have more undergrowth due to the lack of
herbicide use and hence provide shelter for the birds. Since date fruits were very small and hard
while data collection in spring, we assume that all observed bird species are service providers of
bio control or clean up (feeding on leftover fruit from the last season on the ground and hence
destroying pest habitats). Further investigations will give more detail on the foraging behavior of
birds in date plantations and their needs concerning the habitat. Anyhow, the combination of night
active insectivorous bats and day active insectivorous and omnivorous birds provides high
potential for 24/7 pest control services in dates. Our goal now is to understand these services and
the needs of the bird and bat agents in better detail to use the full potential of the possible services.

Migratory insectivorous birds are very active in field crops like onion, melon and pumpkin and we
could correlate the abundance of specific bird species with the availability of insect pests. We also
started looking into the availability of bat provided pest control services in melon and pumpkin and
first results concerning their activity are promising. We collected bird related data in pumpkin and
melon also in autumn 2020 and are now analyzing the data. Anyhow first results seem to support
the hypotheses that birds and bats provide day and night pest control services in the mentioned
Crops.

PLANS FOR 2021

The data collection has been implemented as planned and we are now in the process of sorting and
analyzing it. Further bat monitoring with bat detectors, and bird monitoring with point count in
different agricultural crops will also continue in 2021 according to the plan (Table 2). We will be
in contact with the farmers to identify the cropping plans for spring to determine the spring study
sites for field crops and plan data collection for birds and bats. Bird feces samples were collected
and is in the lab now with Dr. Malkie Spodek to determine if insect leftovers can be identified
under the microscope. According to the outcome we will plan our further steps concerning the
feces content analyses. The project implementation is going according to the planned schedule
(Table 2) and all research partners are involved and doing their part.
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Table 2: Tasks of the project for the three years of the project. Year 1 (2020) was implemented as described
above. Year 2 describes the planned tasks for 2021.

Activities

YEAR 1

birds & bats: choose study fields (vegetables) and plantations (dates).

birds & bats: data collection about special features of the habitats.

birds: data collection on bird abundance, species richness and feeding behavior.

bats: data collection on bat activity, species richness and foraging behavior with bat detectors.

birds: mist net trapping, feces and pellet collection.

()N BV, I B SN BRGNS I I \S ]

birds: analyses of pellets.

YEAR 2

[u—

birds: data collection bird abundance, species richness and feeding behavior.

bats: habitat modifications - installation of bat boxes and water sources.

bats: data collection with bat detectors while and after habitat manipulation.

birds: mist net trapping, feces and pellet collection.

bats: mist net trapping and feces collection.

AN B W

birds: analyses of pellets.

YEAR 3

bats & birds: DNA metabarcoding for analysis of their diet.

data analyses of all obtained data.

implementation of workshops for farmers.

L= VSR I \S]

writing of publications including scientific articles and a best practice guide for farmers.

Summary of leading questions

Progress of the project since writing of last report (including half-year report): The
progress of the project since the last report (half year report 2020) is reflected in the
section about months July to December 2020 on pages 6 and following. Also the
results section includes progress made concerning data analyses and results based on
these data sets.

Activities conducted in or by the MOP during the period of the report (visits, tours,
lectures, conferences, etc): 05.01.2020 the scientific attaché of the German embassy
came for a visit and to hear about the science conducted in the area. The work of the
MOP and the project itself were highlighted. The project and its ideas were presented
in several meetings throughout the year. This includes farmers' association meetings,
lectures for students, public lecture days and more.

Publications: The team started working on scientific publications according to the
results of the first year. We expect to publish our results in scientific per-review
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journals at the end of the project (end of 2022). Some project related publications were
made in Y-net, the local newspaper and the organic journal (organi sheli).

Suggestions for continuation or changes in the research: the research is intended to
continue as proposed. Some changes might be necessary due to budget cuts and travel
restrictions because of COVID-19. Decisions will be made in year 2 of the project
(2021), according to the COVID-19 related development.
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A"} i [t
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(P 5190) HPCP 559y2 5190w R0 MRINDD . MP>TINN DIAPNNIY MRNIND NN 3 'on
5y DPTHINN NN HOHYHI I9INI L(1INXA YD) 119N 12 DY DOPTONN MND NN NI NN DINY
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\% M Il I qmm

nipnam y¥inn n"uo n"'oo n"uo n"oo

nyxinn DTN [P | 0T | N DTN [N | DTN | PN | DTn | 7190
AB 553.65 |43.59 | 60.00 | 54.96 | 325.00 | 99.78 | 432.50 | 53.31 |241.67| C
AB 328.19 479 | 37.50 | 238.30 | 486.25 | 121.61 | 491.25 | 69.45 | 297.78 | A
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96.72

BC 427 | 11.25 | 135.65| 288.96 | 79.20 | 82.50 1.60 417 P
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