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Awabdeh, S*. Senior Scientist, National Center for Agricultural Research Center (NARC), Amman Jordan
sami_awabdeh@yahoo.com tel 009626472 5071

Albalawneh, A., National Center for Agricultural Research Center (NARC), Amman 11185, Jordan aberfer@yahoo.com

962-791414526
Landau, S.Y. ARO — Volcani Center vclandau@agri.gov.il tel: 972 3 968 3492

Muklada, H. ARO- Volcani Center hussein@agqri.gov.il tel: 972 50 622 0167
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Italics indicate project members who have retired or left the project. Klein is retired but is continuing as a consultant.
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Section I: Technical Progress

A) Research Objectives:
Main Objective:

The main objective of this project is the production of silage from willow (‘safsafage’) trees grown using non-potable
water (saline or treated wastewater) as a nutritional and nutraceutical supplement for cattle, sheep and goats.

Technical Project Objectives

1. Select Middle Eastern willow ecotypes for maximal seasonal and nutritional yield under irrigation with naturally-
occurring brackish water or treated wastewater

2. Implement 1-3 ha plantations of willow using naturally-occurring brackish water or treated wastewater for mass
production of silage in Jordan and Israel

3. Establish and disseminate best practices for making silage from willow (‘safsafage’)

4. Evaluate the performance of cattle, sheep and goats that are fed willow silage

Research Accomplishments July-December 2023:

Objective 1. Yields and amounts of phenols in Jordanian willow genotypes

The foliage of 3 different Salix genotypes grown in the Deir Alla plantation in Jordan was collected in early June, dried
under shade for a few days, then dried for 48 h at 60 °C. The foliage was separated into leaves and branches (maximum
diameter 15 mm). The dried materials were ground and stored in paper bags at room temperature until use. All chemical
and statistical analysis was carried out at the Galilee Institute by Prof. Azaizeh.

The biomass of leaves and stems was extracted in 70% ethanol for 24h on a shaker. The aim of the experiment is to
calculate the amounts of phenols, flavonoids, and salicylic acid and to determine their potential to inhibit coccids obtained
from the excreta of goats. We have previously presented yields and the amounts of phenols. Table 1 includes those data
in conjunction with flavonoids, salicylic acid, and the potential to inhibit coccids (Eimeria). All extractions and assays
were carried out twice, with triplicate repetitions of each extraction and each analysis.

Conclusions: There were no significant differences between genotypes in dry matter yield of leaves or stems,
respectively. The overall concentrations of phenols (in terms of mg of Gallic acid equivalent (GAE) and Tannic acid
equivalent (TAE) per g extract.) and flavonoids were similar between genotypes, with slightly more of the compounds
found in branches compared to leaves. On the other hand, there was about 40% more salicylic acid (mg SA/g extract) in
branches compared to leaves, with genotype 3 containing 20-30% more SA than the other two genotypes. Coccid
exsheathment was inhibited similarly by extracts from all three genotypes, with leaf extracts of genotype 2 being slightly
less active up to 1250 mg/Il. Branch extracts were slightly more effective inhibitors compared to leaf extracts. There was
little difference in inhibitory activity of branch extracts between 1250 and 5000 mg/I .

A draft manuscript for publication has been prepared, which we hope to submit for publication to a Q1 journal early in
2024.



Table 1. Extraction yields, total phenols and flavonoids, salicylic acid content, and percent inhibition of Eimeria
exsheathment in ethanol (79%) extracts from leaf and branch tissues of three willow genotypes. Averages of two
experiments, with n=3 each time.

Willow Total phenols Total Salicylic acid Inhibition at concentration (%), (mg/l)
(Salix) Extraction flavonoids content
yield (%0)
Plant tissue / +2Std GAE (mg)/ TAE (mg)/ Rutin (mg)/ Salicylic acid
Genotype Extract (g) Extract (g) Extract (g) (mg)/ Extract (C=250) (C=750) (C=1250) (C=5000)
+2Std +2Std +2Std 9 +2Std +2Std +2Std +2Std
+2Std
Leaf 1 32+0.00 72.3+4.12a 64.9+3.6ab 129+2.31 59.8+0.76a 34.740.81a  73.7 £0.71ab 86.5+0.85b  96.1+1.98
Leaf 2 31+0.00 71.3+2.72a 64.1+2.45a 110+9.25 59.4+2.25a 37.9+0.95b 70.9 +7.30a 825+3.17a  96.3+2.28
Leaf 3 32+0.01 83.5+0.98b 75+0.88b 128+2.31 75+1.44b 35.4+0.68a 81.4 +3.75b 82.4+4.68a  96.9 £3.92ns
Branch 1 12+0.00 93+4.68 83.5+4.20 210+1.16b 40 +1.83a 39+0.27b 77 +8.09b 88.1 £3.64 89.7 £0.92b
Branch 2 13+0.01 78.1+9.50 70.1+8.53 165+16.19a 44 +4.33ab 37.3+2.04a  81.2 +4.80ab 91.6 £7.25 95 +3.56a
Branch 3 11+0.01 86.3+2.34 77.5+2.10 177+12.72ab 52.1+0.38b 36.3+0.54a 85 +0.58a 91.5+4.17 94.3 +4.07ab
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Work plan to be completed:

1. To identify the different phenolic compounds in the various Salix extracts using HPLC analysis.

2. To carry out these measurements with Israeli willow genotypes.

Obijective.2 Field experiment for forage and silage production.

In light of the war-delayed safsafage feeding experiment, we have decided to produce more safsafage from the plantings
in the Arava. Klein and Muklada travelled there in November to take cuttings for establishment of new plantings at the
Gilat Research Station for MERC project M42-038. We discussed the planting (including the unsuccessful expansion of
the plot with new trees in May 2022) with Bar-Lavan and decided to cut it all back to renew the plot for harvest in early
2024.

The trees have now regrown for two months, and there are startling differences regarding degree of regrowth and evident
response to accumulated salinity (Figure 1). We are mapping the location to determine if the differences in regrowth and
in leaf color (which seems to be chlorosis due to salinity) are related to genotype. We will also fertilize to restore leaf
color and general growth.

Figure 1. Willow plot at Arava R&D station, January 2024, two months after being cut back from 2-3m to 40
cm above ground level.
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In Jordan, more than 4000 willow cuttings have been harvested at the Deir Alla site (Fig. 2) for planting as rooted saplings
(Fig. 3) at the Ramtha (treated waste water) site (Fig. 4a,b) and the Khaldia (saline water) site.

Figure 2. Willow cuttings harvested at Deir Alla. Left to
right:Rawad Sweidan, technical associate at NARC,
Ahmed Alwan, manager of Deir Alla, Dr. Sami
Awabdeh, Dr. Fatema Bani Khaled, irrigation specialist.

Figure 3. Preparation at NARC of willow cuttings to be transplanted to Ramtha
and Khaldia sites.
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: Figure 4a and 4b. Installation of treated waste water

Objective 4. Evaluate the performance of cattle, sheep and goats that are fed willow silage
We hope to harvest material at the Arava site for silage for heifer calves in March or April 2024. This will supplement and
refresh the 800 kg of material harvested in 2022 that we have in storage currently.

C) Scientific Impact of Cooperation. The collaboration continues to be strong and mutually beneficial. Communication
by whatsapp and email is frequent. The annual meeting has been delayed until travel will be practical, considering the
Hamas-Israel war. A publication with joint input from Azaizeh, Awabdeh and Klein will be submitted in February 2024.

D) Description of Project Impact: Klein continues to field inquiries from growers who want to adopt new techniques for
willow production.

E) Strengthening of Middle Eastern Institutions: The full proposal on growing blueberries with treated waste water (an
element of the current willow project) was not accepted by MERC. Klein and Albawlawneh were among the participants,
and resubmission is being considered, which will continue the close ties between NARC and ARO.

F)  Future Work: Moallem and Klein still plan to feed yearling calves in the coming year (2024) with safsafage made
from willows grown at Arava R&D. Awabdeh will plant at Ramtha and Khaldia, will harvest at Deir Alla and ideally at
the other two sites, and will make safasfage to test in the lab and as a feed supplement for sheep.

Section Il: Project Management and Cooperation

A) Managerial Issues: Contrary to the optimism expressed in the previous report, delays in submission of various
forms from Galilee Institute and Tel Hai College continued to delay transfer of funds from MERC to ARO and
onwards to subcontractors in Israel. We hope that these delays are finally behind us and that the research can
finally be funded properly.

Of greater concern is the effect of the Hamas-Israel war, which broke out on October 7, 2023. We had planned to begin a
feeding experiment with silage for heifer calves at ARO in mid-October. At least two Hamas missiles exploded in or very
close to ARO facilities (one missile was close to the ARO cattle barns), and the experiment has been postponed for the
immediate future. Tel Hai College is closed, since it is very near the northern border of Israel, where Hezbollah is active.
For the time being, Dr. Azaizeh does his lab work at other academic institutions that are further south.

B)  Special Concerns: none, except for the war....
C)  Cooperation, Travel, Training, and Publications: Although the annual meeting should have taken place in October
2023, the war has precluded that. We are trying to schedule a meeting in Cyprus at the earliest convenient and safe

opportunity. Speeding up the final transfer of funding will make that possible. Publication of the article on willow extract
effects on coccidia is expected by mid-2024.

D) Request for Department of State and USAID Actions: none specifically.
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DOWNIIN ON TPIN NN .DMIINN MW IPIN NODHNAY DM D19V XDV DDIPN DY DM .1 1DV
APNN NPV OMINDI MITN 6 DY

21-May
irrigation Alppm | B Ca K Mg Na P S ppm
ppm | ppm ppm | ppm ppm ppm
None | 0.018 0.353 | 33.2 57.7 19.1 32.3 9.8 3.83
Fe 0.022 0.366 | 31.2 56 18.6 29.5 9.63 4.16
Cu 0.018 0.286 | 27.5 57.1 19.1 26.1 10.1 2.84
Mn 0.040 0.385 | 38.7 60.2 19.1 29.2 10.6 4.41
Zn 0.020 0.348 | 41.2 47.9 15.5 26.9 7.37 4.66
Full 0.033 1.37 33.7 56.7 18.2 35.2 9.36 4.63
drainage Alppm | B Ca K Mg Na P S ppm
ppm | ppm ppm | ppm ppm ppm
None | 0.0284 6.42 892 452 371 748 0.63 928
(0.0085) | (3.05) | (345) (452) | (170) (410) (0.51) | (289)
Fe 0.0405 5.57 732 189 402.5 592 0.28 9.3
(0.022) (0.88) | (119) (40.2) | (108.5) (191) (0.32) (61)
Cu 0.313 8.67 985 657 636 750 0.495 1191
(0.118) | (5.26) | (315) (645) | (411) (418 (0.374) | (298)
Mn 0.029 6.44 960 467 715 926 0.53 1068
(0.004) | (2.46) | (272) (367) | (408) (374) (0.23) | (300)
Zn 0.026 5.37 884 305 655 918 0.488 1111
(0.006) | (1.47) | (314) (181) | (406) (478) (0.339) | (242)
Full 0.0036 5.37 630 179 329 440 0.441 814
(0.12) (0.74) | (255) (95) (165) (257) (0.280) | (272)
12-Jun
irrigation Alppm | B Ca K Mg Na P S ppm | Mo ppm
ppm | ppm ppm | ppm ppm ppm
None | 2.27 0.623 | 38.4 30.1 15.4 14.6 5.27 2.05 14
Fe 4.04 0.45 33.3 31.2 16.2 15.9 4.88 4.01 1.38
Cu 2.17 0.403 | 40.8 29.7 14.6 11.2 5.47 1.59 1.38
Mn 3.03 0.452 | 43.8 30.5 14.2 11.6 5.43 2.24 1.38
/n 2.43 0.369 | 46 30.1 13.9 10.3 5.08 1.49 1.38
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Full 0.124 0.418 | 53.4 47.6 20.5 19.7 9.81 3.42 1.36
drainage Alppm | B Ca K Mg Na Pppm | Sppm | Mo ppm
ppm | ppm ppm | ppm ppm
None | 1.28 6.07 354 45.5 271 342 0.28 574 1.39
(0.27) (2.93) | (175) (52.5) | (221) (494 ) (0.18) | (426) (0.005)
Fe 1.31 3.72 235 10.7 104 83.0 0.16 250 1.38 (0)
(0.21) (0.76) | (163) (4.8) (32) (38.6) (0.11) | (152)
Cu 1.32 10.26 | 404 121 593 831 0.261 919 1.39
(0.32) (7.75) | (182) (176) | (702) (1043) | (0.200) | (806) | (0.013)
Mn 1.29 5.70 370 234 209 247 0.162 494 1.38 (0)
(0.15) (0.74) | (87) (22.2) | (108) (209) (0.008) | (184)
Zn 1.27 4.60 239 17.0 131 128 0.16 295 1.39
(0.15) (1.63) | (160) (10) (82) (108) (0.06) | (223) | (0.016)
Full 1.27 5.36 239 27.5 123 92.7 0.990 238 1.39
(0.31) (2.04) | (99) (39.0) | (63) (71.8) (1.99) | (195) (0.008)
DTN MNKIND DAPNN DIV TN ,DMIWN D9IPNHN DY YPIP D) N
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treatment | Ca% K% Mg% Na% P% S% Al,ppm | B,ppm | Mo,ppm

none 4.4 1.5 0.57 0.57 0.19 1.3 (13) 47 30.3 1.1(0.85)
(0.65) (0.29) (0.08) (0.10) (0.05) (0.13) (7.1)

Fe 4.3 1.6 0.50 0.59 0.19 1.3 42.3(20) 30.1 (1.0) 1.3
(0.95) (0.24) (0.1 (0.15) (0.04) (0.36) (6.9)

Cu 4.1 1.7 0.53 0.67 0.17 1.3 39.0 28.8 (1.0) 2.0

(0.67) (0.25) (0.14) (0.23) 0.03) (0.28) (26.2) (8.3)

Mn 4.4 1.6 0.46 0.64 0.18 14 391 28.3 (1.2) 1.5
(0.84) (0.35) (0.85) (0.23) (0.05) (0.31) (10.2) (7.9

Zn 3.8 1.5 0.39 0.55 0.15 1.0 37.2 24.2 (0.5)0.5
(0.44) (0.19) (0.05) (0.15) (0.02) (0.18) (3.95) (4.0

full 3.7 1.5 0.45 0.60 0.21 11 53.2 41.7 (1.2) 1.1
(0.79) (0.32) (0.06) (0.12) (0.05) (0.35) (22.8) (8.3)

Plant height (cm)

70 1000 2000
| 55 c
65 = 800 % 1500
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o 21000
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45 0 0
none Cu Zn  full none Fe Cu Zn  full none Cu Zn  full
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Zn Cu Mn Fe S Mg Ca Na Cl K P N 219%0

ppm ppm ppm ppm % % % % % % % %

22.3 39 20.2 54.4 2.5 0.3 1.6 1.2 3.0 4.3 0.4 3.0 0.9 ds/m, Fe 0 ppm
19.1 3.2 18.2 61.9 8.4 0.3 2.2 1.5 3.7 3.0 0.4 2.9 0.9 ds/m, Fe 75 ppm
17.2 10.8 16.7 55.3 6.3 0.3 2.3 1.8 4.0 3.2 0.3 3.0 [0.9ds/m, Fe 150 ppm|
21.3 2.1 19.5 54.5 2.6 0.2 1.9 1.4 3.5 3.4 0.4 2.9 0.9 ds/m, Fe 300 ppm
17.0 3.5 19.4 55.8 4.9 0.3 1.9 1.2 3.0 3.3 0.9 3.1 1.6 ds/m, Fe 0 ppm
17.4 1.9 14.7 49.2 3.6 0.3 2.1 1.5 3.4 3.4 0.4 3.0 1.6 ds/m, Fe 75 ppm
29.0 2.0 16.3 44.8 2.0 0.4 1.8 1.3 2.9 3.7 0.4 2.8 |1.6ds/m, Fe 150 ppm
21.3 2.3 17.7 50.2 7.3 0.2 1.6 1.2 2.7 4.0 0.4 2.8 |1.6 ds/m, Fe 300 ppm

IPINN MTID? DY MIVAN NN Y2)D MDA PPADN YN PN LJPPORN NRIPY DIY¥a D099 HY BIND99.3 NHav
§73»91IP AN DY NVIDINN 2020 MV .DXDYA PADN 1D NN DY MINVIANM DMV DPRIPN DIV MY
51927 JPINN NN IORN DNMN DY THNDNA 27NN 01T DDTHN DMIY DIDYTID 1DND DYVITIVD NNPDID
9D 21PN NN 20-30 NMIYY 9392 N7N 50-60 ,921910 1.5-1.7% NmYD 1IN 3% -5 ) TRN NI DOYY DYy NprTaa
NPT DN MNIVY NN PAD 5172 >PNY DIWT DOY 7PN PYITN 12 DD 712¥2 WY MDD NPON (DIDI9N

D2 NPV IN YPIPI MIIVSNN IN DT NN DWINY NYITN GTIVI KN OV DN DOYN

Fe K P N-NH4 [ N-NO3 Cl EC Py 99°0

mg/kg | mg/kg | mg/kg mg/kg mg/kg | mg/kg ds/m
0.60 54.46 80.70 0.17 27.50 96 0.82 0-15 0.9 dS/m, Fe 0 ppm
5.33 33.05 75.40 0.09 16.30 68 0.53 15-30
0.62 29.87 58.20 0.05 16.20 88 0.71 0-15 | 0.9dS/m, Fe 75 ppm
4.53 24.22 48.80 0.08 13.10 78 0.46 15-30
1.38 28.46 | 105.50 0.10 16.40 108 0.79 0-15 0.9 dS/m, Fe 150 ppm
6.2 19.42 54.10 0.10 4.30 86 0.46 15-30
0.71 32.61 | 115.90 0.09 25.00 120 0.90 0-15 0.9 dS/m, Fe 300 ppm
6.63 23.69 77.30 0.10 11.10 78 0.58 15-30
0.35 46.25 46.00 0.09 27.90 440 1.36 0-15 1.6 dS/m, Fe 0 ppm
1.22 39.73 50.20 0.25 11.60 148 0.71 15-30
0.21 43.00 66.20 0.10 41.60 320 1.77 0-15 | 1.6 dS/m, Fe 75 ppm
1.76 26.11 44.40 0.19 12.70 154 0.63 15-30
0.33 35.57 71.90 0.46 28.30 140 1.07 0-15 |1.6 dS/m, Fe 150 ppm
5.08 18.05 37.00 0.04 9.40 76 0.45 15-30
0.70 48.23 75.10 0.10 13.70 122 0.94 0-15 |1.6 dS/m, Fe 300 ppm
4.31 34.52 73.20 0.08 12.40 86 0.57 15-30
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"2/A"n NO 3 co EC pH NIy
16 25.6 4.3 6.69 4 no
0 29 3.8 7.2 '®113 7no
4 31 3.4 7.2 13 o
0 47.3 3.4 7.2 1 om'w
? 443 3.5 6.9 11 j1om'w
? 30 3.7 6.6 11.1 porw
0 32 2.6 7.4 "1y
0 36.1 1.6 7.5 26 17
0 33.5 3.6 6.5 'N3 |17y
0 32.2 3.5 7.2 "84 niop
0 32.2 2.8 6.5 5 niop
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0 34.5 3.4 6.9 6 Ny

0 37.7 3.4 6.9 7 niop

0 32 1.7 6.9 9 niop

0 32 2.5 ? 14 niop

9 29.9 3 6.9 19 nmioyp

8 28 3 ? 115 niop
38 27.8 5.1 6.88 10 nnavr
17 26.2 3.9 7.6 11 nmavr
3 24.9 3 7.7 13 nnavr

8 29.1 1.8 7.3 '®115 Nno
13 26 1.6 7.2 119 Nhxo
4 30 2 7.2 120 Nhxo

8 38 2.1 6.9 215 o

4 32 1.8 7.2 217 Ko
(o1 ("70) 7xW') NaraoNI N7'R M)

"2/A"n NO 3 co EC pH NIy
0 34 40.1 7.2 115
1.13 32 25.7 6.9 116
7.93 27.4 8.88 6.7 117
0 ? ? ? | 1M TN nn

0 ? ? ?1 2n TN nn

2 31 21 713 112 n'x jm

7 28.3 7.7 7.3 113 n''~
54 31.5 4.26 7.24 1 XNOX T9 T2
43 32 4 7.22 2 NOXTO® T
33.5 31.3 4.86 7.24 3 XOX 19 T2
42.5 ? ? ? 1X'nu
4.1 ? ? ? 3NX'nU
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2 28.6 13.17 7.12 110 n7'x
28 6 7.37 111 n'x

4 28.7 9.23 7.24 101 n7'x
11 27.9 20.7 7.14 19 nnao n
4 27.7 7.36 7.66 16 Nn7'X
(nn20)

13 27.3 15.3 7.1 102 n'7'x
18 27.8 7.52 7.75| x 16 nnaojm
75 26.6 10.2 7.15 20 nn2o
61 26.4 9.87 7.2 21 nnao m
14 28.8 11.1 7.18 | x103 n''x jm

0'7217'27 901 '917N D' NIZAI T ' INXNN - 1

N7R'71TN N¥X 7172 7V VIX7P0'VIR NYOVN

WP K77 IX D2IWN 0'719'02 O'RNN NN'O0 'YXINA |2 N2 NRIY MIY'Y IR 102N NIRXIN
230,000~ n'n (2.4.23) '7Tan X'W2 NP D'RNN YXINNA DNAIT? .0IXR7)70 'VIX NINDIYT7 N2
nnxNN2 7"n7 o'xn 200,000 1 253,000 nrn vax7zorvIX ppm 1417 2w 0719011 7"'n%7 D'RN
D'719'0N |2 7IT2AN '2¥PA DUNIYNAYN D770 INXNI X7, '00'000 |Nana (1 I'K)
.(repeated measures ANOVA, p=0.212)
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0'xn 14,000 7w nm'opn Ty) 0*719'0N 722 TINA 1N Y'Y 7172 7V NIYANA 110N NIXYIN
n'xn 75,000 7w nm'opn'? V) NI 'MIVNYN 71T ANRINY A NN20 'MA NNR NTh oynY? (7"nY
27"n'7 o'’n 285,000 7w yxinn Dim'ozn'? v'ani N2 Miynwn A 2iman nizan ma (7'
m' 22 IRYT TIKN )1N1 IXWI D'RNN 19001 0'719'0NN TNX QX2 DTN NNINN NNO9X) X7 ,NINT DY
DA 19¥] 72X N2 NYNNYNY NV'WA D'RN N901 X7 65 Nd>™an 0'na NNThnn NNXA .'10"N

Y7 ' DY'NIYAYA D'7TAN 17a00,11075Y '00'V0O [NANA (2 TI'K) DN O'RN VYN N7X NINYATA
'ANN20 ' 7¥ NITN NNIX |'2 DA X D'719'0N IXYT NMIPAN |2 'Y D'719'0NN 770 7w 21man

. (repeated measures ANOVA with Tukey’s test, p = 0.05) .nintnn Wxw nxanY
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Ji7an 2/2"n100 nooIN2 DY 0 A102 NIR'ITN NXX W 71T X 2 N

N7 X" VIg'y — 2

YIND 070 NNAN NN N77R0 VIR'Y N'OXN

[MN1n Nind .yximna PPT 378 |n71iwn N 7w nim'aTa anii nnikan nn'n DNIn Nimd :Dnl

.(1rx) PPT 300 220 nyal nim'aTn AW NnIT NN



450.000
400.000
350.000
300.000
250.000
B Sodium 500 000
150.000
100.000
50.000
0

Table salt 1 Table salt 2 #205

[N71Y N 7¢ NIT'7IRA1 N'OXNN NINATA M 7D .1 AR

[OIXQ .N"MI9I1AI DI'TAAN ,DI'X777 ,]A7WUN 1I'N D'0I'NAITA D'VINTRN NIN'ATA 722 :D'VINYR NPRN
NN 7¢ NTIYRN NIRXINNA 1070 NINATA (7712 1T02) N2INA 0IAA ' DR D'OMIZX TN 77D
1) nnoini (yximna 3.3 '9) orxepn oM (5:1 nnaTa 0a nntion nT'NAl) 65 nnnaTa L n7Ivn
VIP'w "1y 022 7w nindn 7y Tyn? wyw nn NBT 1 205 nimtaTan anr o0 i (nr 30%
PPT 142) ,65 n>"an anrr nnim 205 nd1a .(yaxrn N7 )20 1T nAIT) nnnnn )'7nna
(2 x) .(hnxnna PPT 104 nniy?

6000

5000

M Calcium 4000

B Magnesium 3000

M Potassium
2000
m Sulphur
1000
0 -

Tablesaltl Table salt 2 #65 #205 NBT 5:1
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N71IY N'M 7w NIT'2aRA1 N'OXNN NINATA D'VINZR NPRNA 'TIDN 2 I
D'vI'"MVIR-NP'N

DA ,D'VIN7X NPRNN NINNY ANITA .0IM70 ,7T12 ,DI'M'Y7 1'N NINATA DRAIYNN D'0IN7R-NE'RN
,UXINn1 6 'o nIrn'? .In71wn N 7w NIT'7a8an N21N2 0'NIRA 1N D'INTR NP TN KD

.yxinna 48 'o n11'70 ,yxinna 28 ' 7mMa

18
16
14
12
M Lithium 10
M [ron 8
m Selenium 6
4
2

0 ——— T

Tablesalt1  Tablesalt 2 #65 #205 NBT 5:1

IN71I¥ N'M 7w NIT'2a8A1 N'OXNN NINATA D'VINZR NP'M 'TIDM 23 IR

2 NIT'7IRN NNAIYT7 N'OXNN NINATA YXINNA 4 'S NMAATN 752 0122 0TI X¥YN1 DI'INVOo

(4 'R) In71IUn N
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180

160

140
120

100

M Strontium 80
60
40
2 | I
.

Table salt TabIe saIt #65 #205 NBT
1 2

IN71I¥ N'M 7w NIT'2a8A1 N'OXNN NINATA DI'VINVO 'TIDN 4 I

N'NNT N 9"1IN2 0'N'M YIR'Y 101

7w 21712 2N0RIR NINYA TN ATTNI NINYAN) D'TIAN NNMS NYWA DM 7w 70191 niin'nn
TID'12 2IUN NNYD NI NPNAIMN ARXINN .00 210 WRY7 15% 1 77%nn M7 12% 1 (5 o
NIN'ATN 722 TIRN 7172 D' '1'WNLIPTRIW NN 210 701 2 o7 1 nteo ' (Ca) [T'on

29 vip'w qu Tyn a1 1w ,(5:1 nnaaTa 1785% 7w nmrojmi nnaon nnata 500% nimtan)
NN VIZ'Y 7Y DN Ntavn ann DR RN 2wn 1o 5:1165 W nimaTa .1 nTtkoa |T'o
N72pnn nnaon Nn'aTa Da L, (NNXNNA 2 nTro? 1 nTro |2 352%1 333% 7w 11w) nMoia

X7 79N m 9w nnaTa L, (NItkon 'Y 1 98% 7w 7T1an) N9 VIR W N'MIvnwn aYp N
NNNON7 NNNA NYXIAY ND'UWN NITRON MY 7¢ 0'N7N2 NMI91IAN TIDMA DYNIYNAYA D'717aN 1IN

(1-4 D1I'R) NIMATA 722 NMdIANI T'ON 'TIDN Y
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[I"?v NN20 [IMNN NN20 N9'VY NN10
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DINMIZX ,DI'YANVO0 I'N NIN'ATN 722 NITRON 'NY "2 'Niynvn vip'v 7V IXNONW 0'9011 NITIO!
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NINTIA Y127 N1 X7 IRYT7 onf N 'mivawn 71ma n'n (sabha 3) nimatnn nnxav nnnY

4 IMn T2%2 NNXR NN'ATA NOXY AT 21T 1D 2T AN 7RXI019 a7

N7R'7ITN N¥X 7Y 7172 '"a¥7 7V YIXRD N7 D1an 7w 1T'RN NID'MNA M2 NN20 ' DYDY

71N N90INA

NIX 7'220W D'01'MVIA NI0NN 7Y 1INDYNYT 1IYRAXAY DTN 10N NIRYIN NIAPYA Y1 0T 101
D'MN 10N TNX QX 7¥ N'ORIV NYOYN W'Y NRI] K7 DMI0"N "W D WATN7 2IWN NIXRN 71T
110"20 NOIZN 2N IX7 DN D'RN 19X ;1N 21T 722N0W DNN7Y (1D NIXRD 7Y 17T2Y

79 TN N7 IR DIYNYN NN1'Y X7 |720 N90INY NX11 X7 ,NT '10" 1227 .0'INn1 D'TID'MA
JIN'ATN INYIAN N2N2 Miynwn 72ma nfn (65A) nimaTn NNKAY NINNY DRIYA DA NIXKD
N'N 0'RNN T 2"N0A D DRI NI Q10 7IT'A7 NI DNYA 73N 7Y N1 NA0R NO0INI DN
.0'01'"VI1 NOOIN NNA'Y D10 JYNNA PIT'Y D' X ,NPN 722 .0TIEN 100 NNIv? "Nk 110

JINaT? |NAT NOOIN |[NA' XAn 101N

NININ NIYNY Dy DID'0




NITN ON"'NN N'7X NOIPZN] 1IAYVINY NIRXINNI 0"0' 1N M?2'Y VIN'D  .R

DY 0N 2102 NIXK 71T'A N1'NA ,NIXN 72172 7Y U]N'?PO'U]N NYOYN NI¥X2 0"10 3 1yXI
:n'm VIj7'wd 00" "IV VX1 ,[3-IND .[j72h NSOIN DKNI 122 NN TR NIdMAL N0 [7Nnn

.022 VI?'Y N2'NAY NITKD 'MYA D'N70 VIZ'YI L VIP'W NIOXN

1'N NN20 [7NN2 DIIPNAY DN 0NN D'TIDMA VIRTPO'VIRY 1D 7V NIT'YN 010N NIXXIN
101N 7¥ 07NN2 NT'20N NNWORN 7V NIYIAYN 7IT'aN 10" NIRXIN ,|D-1ND .NIXKN 71722 YaIo

JIXK 7727 0'7'90nn 0'01"MVNn

[N 770 IR NITA NOIPNA 7NN NNLVN RYIN TXD VNS A

7'W7 anoiv 9D 77N yIx'a -X

N'XPZTI'R DINAY NIRXIN 1901 1AYIN 70NN 7Y NIYKRY NIYW7 DXNNA ‘770 YIxa -2
IPNNN WNN? nawn

NID'NA 7'V ITOIN'Y O'90I11 0101 DMISY ,I7NNN 7W NIYKRY NIYT DRNNA 'P7N VI -2
n7nn

INTN AR NIM'YAN D720 )N YXANN NN U ,N9'PNN NY¥N7 DRNNA .2
7"

APNAN NOIPNYT RYIN UK IPNNT7 D' IY'N DFTYNEIPNNY DYNIMdN DTV DTN T
7"

DYNNIZNNN DIY'" 237 ND7UNN [Nl DI'YYTAN NRponn NN .0
N'2N7 "TD 1IN2Y 0'NN 'A102 WIYNN 0'V1'MVIN 10IN DX [INA7 0101 'wnin? vt
SJITAN M YIZ'YUN XY NN NIRR DX [IN27 ' 07K D' NIXR 7Y Miynwn 21mat

NNl NTIAYN 17002 17NW DNINKRIE DY RIFY 0271200 DY IRT|NN97 NNRY Nivan [nn- .
wnn? JNion'Nn NI'n? NI

‘DI D'YUTN D'NIN'D ,D'011*D ,NIXXIN DN ,01'0( NOIPN 170N 9"INd WYY N7y .1
I7NNNN 1Y21Y N2V NRIN'YA IX DNRIAN NRIMYA 0'MIeN .n
D'MIoND |'NX
AU7IZR-1NARN AINNYT7 N'YYN NNNN IR ITRA NIRZ7NN 17270 2y Apnnn nyswin Iy .0
aliglal
J'7NN2 D'V791N D' WIN'Y 1T [INQY7 T2 TVIALINNTANA NITR 7NN XIN DT NN

JIPN2AIM NI'MARA0I NIF?2'70 NRYWN W Aapnnn NIRXINYT .N7'R2 NN20 [7hnn n79Nnn

122



7NN 'Y IN APNNN qwUnn? niXmn
[22I7N) 1DYNN DX NIRPTYA 170NN NIRXIN
I7NNNN 1Y21W D'0Iud LN

D'VIVO INYM X7

123



124

2023 -7"pp% '"mw n"17/N'NINT D2 9"In :9"Inn VW A

"D'77'MD NNOIM"  PYNNa N'MNT DY 'RKINT NIDIE DT T NARNN NONN DY

82456 :'n"19 TpIn 190N

[MNAX 7R 70" :N'WUKXY DpIn

WL IT N .n"hwy - |'1"2IT m7v10 ,JATAD TTIY ,UKIN 'mmn' :0'ONIY D"pIn

JMNT N2y 9"n -(0m'Ta) oAITO *ANI 'POANVOIN 7alI' ,'701'XI7'0 1NN L79IX

nownl :Nn'10nNnan 01vvVO

2Xpn
DTN 77 D AR N2 I'0IN .NMINT N2 9" 019 yui 2019 Naiopixa
[122 NN 9" n'wivan (T71Mm1 nMmMio L(NNITR) 0779 NPDWK LINI9) DNy
127 YT'N NN XD IPNNRN NN0N .0'WAS 7¢ NdINl NNl Nida 71 ,n7wan nnTpn
77NN .N2Ya DM D'RINT DNITNAYE DNAXRNN TNIFAL 077230 NIDNIE DTN
NN'RNNIND' O'YYN NINN9NN .NDYTNAN NI‘NIN 9"y Np'7na quivn 719'on Ywna 2023
NIP'TA NIRYIN '9 7Y 72NXT 12Nana D1 0'9'0PN .DNK DT DNINNSNNY
77121 720 7Y NaIvT ny'own nR7im .Mon NIDKR 7Y DD nyoswn Nid? .ntwann
N2I07 NY'MSnN .0'YOLI |V XIN YNYIN 7V 1071MN M9 nnniv? .0'vo X7 150 72X 190
'R X7 3.5 % 2.5 "2 yvan omin 7w nnan EC o nnn?% .oyva pal 7122 pa ntvn

.0'Xya niy'as

270NN NINLNI A'YVAN IXRND LV

D'XINN 71X N ,N2WYT NIAa Qo W Y2va 0'wTN 02T N011NY7 DAY NI'wN W
NMIPNY IT NXIN 7727 [N X7 DN NRIa NNIDKR DIXIN XYY 07NN 0Y'Yaon
D'N'7M 0M 0700 ,N2Ya D'YURD TN 'RINY D'RNINY 0DNX N7R 01T .0NNKR
;(15% -7 nnnn) y'7a2 ndma nin% ;(x"n 40 7vn) niniaa nnivaono ;(EC.>3.0 dsm/m)
70 ,ONNN DY QroENl 2ITAN DRIV N1'NAN 27NWUnT7 0DMX 7R DT ApTh NNy
[I'00 .ANN2 N2 NTIAY NWATI X7 [N DRIV YYD DN NYRYINN 2TIAYN 12'VY
(T21'71 7019 (NNITX) D79 NDWR LI7019) DAY DTN 217 D RN DA
,N7WU2N NNTPN DN 7RI 0TOX7? 1T MITRY NRIIYNA DA NNN' 9" 0'ivan
X7 M9" 7727 nawoNnn DWAD 7w NdIN1 NN L,DMOXPN DNITRY? NXIYNA D2 N1 710

O'?7T2IN NIdNIE DT 127 YT'N N2ANIN Agnnn Ni'vwn DY wpiann "7910n

AIN-DIN NPYI,NDIN] 0 NID'R :NQYA DPIN'PD D'RINT DNITAYI DNAXNN TNIFAAI
D'712'1 ,ANN7 OI NN 'RINT DM'RNNN YONn 21T DN DTN OITR? NMIYOIND
NNIY2 NYYN DN NYPYINN ATIAYN 'Y D ,9'0p01 2170 Dy n1'nan A7nwn?

.NN2 NN ATIAY NWAT X7 [N



125

NN Nun

7w n'oxNI NI WY 7y (N'Y7DWUKR-17019 0T) DAINY DTN T DY'Y NARNN NN

. 'INT N2YA 72T RN "0'7pmD nnom” pwnna 0'soi n1d X |7 '9N'Y Ny

INTIAVY NIV'YIZNNnD 170n

6 X 3 ny'u1 niNn .2021 1 2020 2 1yxia nimwini 2019 Na1ozika nyovi np'nin 2N

(1 no012 ny'van non) DT 4.9 ,yv 270 ,00177 D'}V 56 ,q0VN
2 NPy NINNXN MIYA .N0YTAN Nirnan 9"y np'7na quivin 719'0n qwn1 2023 77nna
IMTA DY TN NNIO'W N7V7ya 0WIAl D'YY 150N DIY' NN DN7Y 1DNNY 0O'YY
.N7U2NN NI NIRXIN 'O 7V 12N¥T 12102102 1DV 0'9'0RN .WNNd NPV DY TanN
NAYYI 719'07 MNI* DAV DY DA WWOR'Y DY AIX'YYT DIT'A 1V 9'0PN NOIPN DN
D'N QAT .0"TIVY NNATH N'WONI WD T 7Y 1A nwyl vyl 71900 (7Nt naj)
.N'YaN DX NS "2"nt 0N NIrnin? okNN2 NNQTH DIYY NIYD N7'NNA qpN (12NN
MON 7Y NAIXN NDIYI 12N2NA .A"NY 7w DTRN DTN 11'0 0192 Y] 12NLVO0]
AN P72 "N N 2 DoNID') NNYWO fINaN 1DWAI MITRNA 0'7Tanl DT DNTNY

.12 [1DAN D'VITIVOY NI'0 W NanxTal (2024

:NIXXIN
DTRIN NN NIYN DTN 9o .0"2'0R700 090N FTyvinl 2023 7120 axin 1 .on n7a0a
7V qQlopn VI X YIAP7 N7TNYN .12Nn207 INIRK NNT AX2N MwAL DNDTYN 9"V *Tn
7y 72PN AN NN 7200 0v791 1212 NN921 LMD NINYYOI NIMTEN NIDR NPT 'O
29 n'n 812 2y 7an 7721 it NP7 wnwin 7y 71200 1072 .npimn i

UnuIn 2y 11t 7apnnw 73'nn



.2023 7121 q'up Y :1 on n7av

(D12) "o pwn [YY'7 "9 |(2"R) YV'7 yXInn 712 [n'xy Woon|  N1d 19 Q'op WIN
148 94 14 4 N | nx |18.07 -1 27.06
117 77 9 4 N2 |n'? 01'a|18.07 -1 27.06
718 33 25 18 812 | Tma'm 09.10.23
892 13 11 19 wnuin| 171m 17.10.23
295 78 22 20 vnwin| ar'y 17.10.23
466 129 60 16 vnuin| n'mio 08.11.23
535 123 71 17 wnwin| [10mM 08.11.23
690 105 72 18 NP | pom |04.12 -1 27.11
1072 50 52 19 vnuin| n'i 27.11
1051 23 24 18 812 n'7a (04.12 - 27.11
1162 56 66 19 NP | na (04,12 -1 27.11
379 159 51 17 wnwin| 0"'79 04.12
338 117 40 13 812 n''79 17.12
375 205 78 20 NP7 | 0o 17.12
106 215 23 3 vUnvin| 1nm 17.12
374 24 10 4 N7 | T72120nN0 17.12
102 247 25 5 wnwin| '7n'ino 17.12
338 17 5 2 wnuin| @Iy 19.11

219 NI'X

NNX 1IYXIA NIPTAN .9"Ma "q'upn 1NKY M9 719'0%7" nTayna 1wy n7wan Nip'Ta
D"791 N'712 ,]I0TY NN .2 .0N N7202 D'IXAN Q'OPN *TVINAL 0P NRPZ7 VIAw?
oy D' NP7 7Y 0InY 190 (wnwini naRn R ,812) nimiw nind v 0Ny

(2 .on n720) "NiIra DN N"NdN DY NN YNYIN 7V 2011INY 1901 INM mMan n"non

.QUj730 "190 NP 2 on n'7av

126



n7wan on'[(%) y'n|(%) nxnin|n"n3[nNtn| n1d N9 qQ'up VIN
1.2 24.8 6.8 81| 4 N | nY'x [18.07 -127.06
1.6 32.9 5.7 89| 4 | g oa  [18.07 -127.06
13.7 54.6 0.7 10.1| 17 | 812 | T71a7n 9.10

10.6 45.9 1.0 10.2| 19 |wnwin| T 17.10
6.7 485 1.7 11.2| 11 |wnwin| Nty 17.10

15.0 34.7 0.7 11.1| 15 |wnwin| n'mio 08.11.23
14.7 33.1 0.7 10.7] 16 |wnwin| JI0T 08.11.23

14.6 335 0.6 87| 13 | npg'm | pom [04.12-127.11
9.8 24.4 1.0 10.2] 10 |wnwin| n'mn 27.11
8.7 21.9 1.2 10.0] 17 | 812 n'7a 104.12-127.11
8.3 20.7 1.1 8.8 | 18 | np n'7ix |04.12 -127.11
7.0 39.3 14 99| 10 |wnwin| Dn"79 04.12
5.4 40.5 1.7 9.2 | 13 | 812 D"79 17.12
5.5 41.1 1.5 8.4 | 20 | npm D79 17.12

8.2 1124 1.3 10.8] 3 |wnwin| nNm 17.12
13.3 36.9 0.7 87| 4 N7 [ T720nK0 17.12
5
2

8.9 38.9 1.2 10.3 wNwIN| '721M10 17.12
26.2 40.6 04 11.2 vnuin| 'pip 19.11

AN D71 NRnI 10T NINOSY nix1? [N M5 NID'R 7y NN NYSwn N1‘Nnla

.(1 .on nmn) naxIN NP7 NN 7Y NI DY DN9YI

nwIN\N"7a

np2n\jiom

wnwin\[loT

.190 771a 7y n1dN nyswn 1 .on namn

127



019 .0l 0'7TAN7 0TI9NI (2 .on NuNN) M50 W naixn Wl 15.11.23 a

IX 72021 9102 71 §'0{77 DRI I'N NNON INY NDNYNN 197 qUZIY YWNWIN\[I0TY?

anxT N7'NN

128



129

(75%) omwor (70%) o'zimn 1'n wnwin\[loTin NN9 ,NIN'Won 170 'K7n ' 7y
nxiwn (64%) owor (78%) yimn ' wnuin\n'2ia .apn\lomTs  axnwna
(64%) wnwin 2y 2j7'val NIdN 722 Nix'NA [1oxNN 07790 .812\n"1a-1 npi\n7127
"N aNT 17w o'eon nne (3 .on ntav) L(60%) 812 Sy jpva pvo i
(60%) 71mn> 12N YA NTYN N9 .WNYIN\NYNIO -1 wnwIn\T71'm ,wnwin\nT'7y
MoI1 (44%) 770 19182 Dol (60%) 7imnd 1ana YT T23mn 1o L(67%) ool

.(3 .on n720V) ,(100%) o'onnwnn 775 "y D'YOI ZINND Y TAIN NY7N190

.(o"79/n"1a/j10T) "M9n nyov 2y (812/ap'm/wnwin) nidA nyswn :3 .on n'7a0
1I"'¥ 0OP7N1 YMn/Zimn/An Msn oxn X7 0N I'N DN 0N 0'9T 172 n'onnwn 12
75 .0'yu X7 /0yv "0N/D'yo M9 DRN X7 DNV N Q01 7NN DAl YIAN DA 9NV

21N¥a yaxa (n2vni o'yionn 50%) niaa T g nn

% %
D'VU X7 DYV YON D'V N yinn Zinn/yinn ginn N12/'19
8 17 75 §0 10 20 70 wnwin\[loT
55 36 9 Fl17 17 17 50 N 211\[10T
8 46 46 | 8 33 25 33 nZ721\N' 712
25 33 42 114 14 29 43 812\n'"1a
9 27 64 122 O 0 78 wNWIN\N'212
25 42 33 79 64 0 27 wnwIN\D''79
10 30 60 ;23 38 15 23 812\n''79
42 50 8 31 38 8 23 nZ201\0''79
0 0 1000 O 0 100 | wnwin\n''mio
33 22 44 £20 10 20 50 |wnwin\T71aI'N
11 22 67 120 10 10 60 | wnwin\nt'7y

YT D RPYUN
NITRNNN 21N D'NTPNn NIR?A0Y? oknNa o' 10 TV YvIaw'? NNX W Dfpwnn (1DTY
D'¥YN 75 ,NNT ANTD NYnn 9"IMn NUYWA NAIIZNIRLAN NINNA D'O0NXIN ,N'A'AN
1 "2 nwa NPwnn W17 7o NINEinnn 107 8 NIDVSL MY 0'M NIN NNIXK NX 17277
972) Y'P0 'WUTINA Al yXImna D7 a1 14 TV 9unn 'wTina !l yXImna DTy 2l
Ji7an 40-50 ppm 7w nimda " naw" 12.5:2.5:5 (w1 ,mwn D X7 pwrta (1 .on

Apwnn ' 0.27%



130

'YUTIN YXINNA 'yl NITRNN 1IN)

14 =e— DI'7 DUTY? QIR

12 A

10 1996- nyxinn NITXNN
o i (na'an n"n) 2005
6 u

4 .

2 .

0

'Uo0 '7IN AN 'myT| ‘' 29 yn MoOX 'xkn o i aIX
2022 2023
(017 DT 217) APYUA 1IN ANAVM NN DNV 2 NITRNN M) (1 .on qa

.2023 vonix q1o T 2022 "anvson .0'wTIN 9%

NNI¥N NIAN

D'N NN9N 2127 .A7'W' NN2TNT7 XN L7720 TAD 2INnI0I M7 TA1D 1910 P70 7w DIY"
.N'YaN DX NS "2"nt™ o NIrnan? DXNNA NNQTA DY NAIYA N7'NNA 9N DN
.DNIX Y7 7N N7Y752 0'YIA D'YYNN 270

T

DNINNONNYT NN'RNNI N9 D'¥YN NINNONN NN 717N MY DX 1IN0 D'XYN 2N
712'0 7V D207 nYYR NRRIM .M90 NIRR 7Y NNDIN NYOSWN NINDY .0NNK DNITRA
77an D2 .0'WOI [LR RIN YNWIN 7V 201N N9 N7 .0'vo X7 M50 728 190 7711
NXIYN NI (O X NI D01 MR WNYIN 7Y D720 M9Y D110 D11 119N
DTN NOLI NIYNY NINNYT DYV DAl 712'2 DA NT7UN N2V YN AR 7Y N7
.orxya niyao 'k X7 3.5 7 2.5 2 van o'mn 7w ninan EC n nnn% .n

JJNNXRA N"1ITA NN TVINN 27NY 3gNna NINTENNI NIXRXIN

NIpoNt [ITI NIXXIN O'9'V01 Y'OIN

NN YwNna? nix'mal ,NIynavy ni'ya ,ningon

D'YY] D2 NNOXIY NYOIN .O'XYNN 770 NIYA'NNYT INAN DINN 22 211 wTIn )7nna
JIUNRIN DINNN T2 WA 19 7W NI2A TINKA DA 10" T ARALITRD Y7T7an "y DINR
'wnn? 07N .09 NNl 7INN NNATA 91K 775NwnT T'nn |1'0M1 'WIp D'y
.J221IMn> Znnn NX

N7y

n"nw 2w oTan DAY o 12.09.23

.0'>"M NI 0*7TaNn? nin'yol 1o naixn 15.11.23

.N2Y [1Dnn 0'VITIVOY? TIro 04.12.23



131

4.9 .0'xy 268 >"no .3X6 ny'ua 'ninn .2019 Na1opIk ny'ol .nvwn Non :1 N0

.DIIT
mm
19 18 17 16 15 14 13 12 11 miy
vy # vy # vy # Ty # Yy # vy # vy # Ty # vy #
wr a»h o 270 |aphm TomanRe 240 |apbn thuanse 210 812 na 180 |wnwin nva 150 [ apdn ey 120 | apdbmpery 90 |wmwin towbn 60 | wrowm neme 30
wr a»h o7va 269 |aphm TomanRe 239 |aphn Thuanse 209 812 noa 179 |wnwn nvoa 149 | apdnpery 119 | apdbnpiery 89 |wmwinm towbn 59 | wrowm ntme 29
268 A ave 238 | wmwmavhs 208 812 n1a 178 |wnwn nvons 148 |wnwn arby 118 |wnwn o7y 88 | wawn w58 | wnwwn nvbew 28
267 apmavs 237 | wmwwmaves 207 812 p1a 177 |wnwn nvons 147 [wnwn arby 117 |wnwwn o7y 87 |wawin toubn 57 | wnwwn new 27
apmavvea 266 apbn avse 236 206 | mpmnta 176 | apdbnnva 146 [wrww vy 116 [wnwn o 86 56 | wnwwm toubn 26
apmavvea 265 apenanys 235 | wmwwmavhs 205 | apmata 175 | apdtnnvs 145 [wrwwn vy 115 |whwn o 85 55 | wnwwm towbn 25
apmarvbea 264 | wnwwmarhs 234 812 a»hs 204 | apmata 174 | apdhnnvos 144 |wrwwn ot 114 |wrwn arby 84 54 | wnwwm towbn 24
aponarb e 263 | wnwmarhe 233 812 2»%5 203 | aptmnda 173 | apnn™a 143 |wnwwm ot 113 |wrwn arvy 83 WM TN
262 | wnwmarys 232 812 295 202 |wnwn nvy 172 812 mooa 142 |wnwn o7 112 |wrwn arvy 82 | wnwn nvbms
261 | wnwma» 231 812 a»% 201 |wnwiwn ns 171 812 na 141 |wnwiwn ey 111 |wnwwm arby 81 |wnwin nvbmp
260 812 z»95 230 apon avvs 200 |wrwm s 170 812 noa 140 |wrwm arby 110 | apbmpera 80 |wnwin nvbms
259 812 &»p 229 apon avvs 199 |wnwm s 169 812 no%a 139 |wrnwm arby 109 | aptmpera 79 |wnwin nveme
apoN avy e 258 812 o»p 228 AP avey 198 812 n»a 168 | aptm s 138 [wnwwn arby 108 | aptmper 78 48 | wnwm T 18
apon avy e 257 812 o»hp 227 apom aves 197 812 na 167 | aptmnva 137 [wnwn arby 107 | aptmper 77 47 | wnwnm T 17
apoN avv e 256 apmavee 226 | wnwnavws 196 812 na 166 | aptmnva 136 [ apdn ey 106 |wrww per 76 46 | wnwm T 16
apoN avy A 255 apmavve 225 | wnwwmavws 195 812 na 165 | aptmnva 135 [ apdn pea 105 |wrwwn per 75 45 15
PON nmse anve 254 apmaYes 224 | wnwwmavws 194 | apbnata 164 [wrwwm na 134 | apbn ety 104 |wnwwr o7 74 | whwwm toubn 44 | wown ntmn 14
PN nvn Ay 253 apemavs 223 | wmwwmares 193 | apmata 163 [wnwwm nva 133 [ apbnpiora 103 |whwn ot 73 | wawm toutn 43 | wnwwm ntms 13
PN nvEn Ay 252 812 a»wp 222 apena»ee 192 | aptnna 162 |wnwwm s 132 [whwwm arby 102 | apmpery 72 |wawin toutn 42 | wowwnmoatew 12
AP9N nEn Ay 251 812 o 221 apn a»s 191 | apmadtia 161 |wawwm poa 131 |wawwm arby 101 | apgtnpery 71 |whwwm toabn 41 | wnwn nvms
wnwn e 250 812 z»%s 220 AR a»vs 190 |wmwn ns 160 812 na 130 |wmwwm arby 100 | aptnpora 70 (wnwwn e 40
wnwn mae 249 812 z»%s 219 apon anvs 189 |wnwwn na 159 812 mo™a 129 |wnwwarby 99 | aptnper 69 |wnwin nms 39 9
wmem oae 248 [ wnwwmarhe 218 812 a»bp 188 |wnwm nvos 158 812 pa 128 |wmwm ety 98 [wrmwwmarby 68 |wnwwn b 38 8
wmem ae 247 | wnwwmarhe 217 812 a»bp 187 |wnwm nvo 157 812 poa 127 |wmwwm ety 97 [wrmwwmarby 67 (wnwwm nhme 37 7
R ae 246 | wnwmavhe 216 812 z»%s 186 812 n1a 156 | aptm i 126 [wnwwn pet 96 |wnwwm arby 66 36 | wnwwmnbme 6
wnwwm e 245 | wmwmavhe 215 812 z»hp 185 812 na 155 | aptm s 125 [wnwwn peta 95 |whww arby 65 35 | wnwwmndme 5
w244 apmaves 214 | wnwnavws 184 812 na 154 | aptmnva 124 [ apdhn ety 94 |wnww per 64 34 | wnwwmnvwe 4
w243 apmaves 213 | wnwmavws 183 812 na 153 | aptmnva 123 [ apdn ety 93 |wmww per 63 33 |wnwwmanme 3
wawm e 242 apgmaves 212 | wnwwmavws 182 [whwwr nvm 152 |wrwim i 122 | aptn ety 92 |whwwr pot 62 |whwnm towbn 32 | whwnm toutn 2
241 apmaves 211 | wnwwnavws 181 [whwwr nvs 151 |wrawm s 121 | aponpery 91 |wnwwr por 61 |whwnm towbn 31 | whwwm thutn 1




132

v/

23 a‘ <

H’m S 2

7 =] a

INIWYT N7 |77 D Q
% N

KKL-JNF K

1950 NIN'OI NINTNN TN e

2023 -%"pa 'mwvw n"1IT/N'iNT 02w 9"in :9"Inn DY A

INID'XI 712'N ,YTA2 D'YNLINN NINd 7y YV7 075N 1901 7¢ N'Mav 210 nySYnn :NONN DY
2In'an 1nna

82171 :'"19 Tpin 190N

[INAX V7T 70" :N'WUKXRY MpIn

N7 27NN ™1 ,A'779W 1IN .N'INT N2 9"In,'7021ITO DNNAN (D'9NIY DNZIN

nownl :n11dnn 01vvo

2023-2025 :n"15nn 0Irol a’nna 1vin

2'xXpn 2

07y 7045 -3 A'MINYI DXV DX DITA7 W' TN INXR7 D'MMNTN N2wWa 2Iman 2110 'y
nNIIN X7 07y nooin D ywul 1w (1987) .0 |nd 7w NEnn Jno 7y NXT .0"MYI MY 12
7Tann 770 0D NI7PWR? nwan 72y nwpn 711 0712 N15wn N1 LYYn 7w 0NIDIoN NaRnY
77N NN 0ITa 7 nnan 7N NN 0wn 12 2 R 21710090 '9 2y omria 72in'ann
TIX [INQ7 X' PNNN N0 7201 Yyn DY N2'0' DX DYV NDOINY NN NN D'yunnn
AND'RI 7120 ,Y122 0'ynoimn Nind v (DIt N7 07y 90 nONm) pmnn DIran Nyswn
0'012 |7'yYNI 0'0NN IDI0N TID NN 7NN [9IXA N7V D'7VN NO90IN ,NIYKRIN NIYN DID'0d
N1'X 0'2UN NO0IN .0'M' 190N NNMDN NX NATPNAI ,ARNA97 NIVRIX |2 'Y ,ANdN
0'2v 90 Dy D'¥Y .0'M NPY7 NNIIA DI'RIEDIMIEFON NI7'WO 7V IX NTVI'OIVION NIV'Y 7V NY'OWUN
ANID'RA NYA9 K77 ,0'"7v 70 Dy 0'xy7 AXRIYNL YY7 y¥inna Mo 17 8 7w nooima pnn
NI9'W7 DINNN 9V NI72VINA DNMINT 22 9"in Y'Y nINnNAaA DINN X NINXIN AYXAN

.JONN N2 DY INMNT N2 9"In TY' NN INXKIN AY¥AA .NINIYN] [120'NI NNINN

N'YAN NI XP YN 3

D'27TN NNX .NY7221 N2 NIAYININN N'72'702 1721 A1IWN 271 DINN 7KW Nn qay
"DITIY" NTIIRN N 'O 7V NI NYRA9 K77 Y7 7120 naia nR7yn KN 7Tan nirnim nkyng
A"p 117130 220 DI'D Y2 N'™INTN N2V AR YV7 yximnn 7220, "npnn” 0aman faxni
11 (2010) .Xx *zoarT0 ' w1 M9 177 160 X1In N'INTN N2WA NV 720 0D ('S YTN)
NYOYN NX [IN271 1'UNn7 D'Y'¥N X 'NJIN NN LINID'RA NYa9 K77 Ntn nia 73% yany

NIZDWK .IT D10Nn 0'wan? nan 7y 7aipnnn Inn nira My ,nnn yraa 0nnion Nakn N7Tan



133

,217100) NNTIZN NMIYN 170N INNSNNY D750 2'N2 0'RYNIN D'YPON D'NNSNN NN MO0
['2 DMDI0N NNAXN YOWIN NINNONY 11"'nn'w 0'wpon 190n (1954) Hilgman s v (1977
Aldrich and Young '© 7y .07 Tvina 0*79/M19 oN'nn yowIn NN YWKR ,JAI0RINYT 21' D'YTINN
7191 0MDI0N NNMAX |27 D'7VN IND 0'011 YA [7'AYn NANND 'I'Y 2 RN Xyn (1940)
DIT'AN NX7 0"NIYI MY 12 0'NNISN 0*7y 7015 -3 1'Min? nnan n'mnT n2wa 2Iman 71710no
.0 [N2 7w Npnn 9"y yap at 7nn .(MmnTh n2a mn v oira 70n ,3100 onn 7n0n)
NLVNA (T2%2 0'72Y 60 NIRWN TY) N 77T XY 7alminn 9N DIt NYswn Nz 11 (1987)
9NN DITaN 7w nyownn NX [IN271 (LAI- leaf area index mopn 'v) nirTa NOW NX |'O7nY
NNNON NI7DWKR? nWI2aN 2y nivn? 0717 "onirm”n 0'2yne nnan JImn L2 nimesn 7y
W1 naw noipna (1987 [nd) 712 7y y'own X7 DN NdMIX DX NAN'N9N X7 DY72VN 190N
wimm? nwnTh Tvnl (mw 13-20) 22 yy? Mo 177 100 an 71n'ana nnonn 72f apnnn
,ND TY .IPTAIY D'TTAN 7Y 0'719'0N NYOSWN 101N DX 1'20N7 N71D' yyn 7w X'mn IX'Y¥10190
Nixon 1947; ) y1aa 0'vnoini NiNd 7y ny'swn IX 7122 0777 NNAIN N1'R 079 NO0INY NN
NI'X D DX 71212 NT7Y7 nnain o'y nooimw Tani L (1987 . |nd ; Nixon& wedding 1956
(Hussein and Abdallah 1973; Hussein et al.,1977; Abdullah et ini>'x 7y ny'own
DIT'AN NX7 N 'noin Jznna .(al.,1982; Bacha et al.,1986; Al-Salman et al., 2012
X [IN27 'wnl AT AEnn 2man pions? Tiana (n'2y 90) v witw Ty maw 1 0y

ANID'RI 7120 N2IA 7Y Y'OwN AT TXDIYTAA D'YNLINN NARN 7TIa 7Y 0'7vn 190N NYsSwn

NN N1vn

ANID'RI 7120 ,YTA2 'wDINN 12I0N TID'M ,0'75N 190N |'2 OXNNA NY'N2

NTIAYA NIV'YI NN Y7an A4

. 0I95NdD |I]3TI'7 ONXNN NVXIA N'1DINN

#an'wn | X Mw

710" 'xy2 N'NT N2 9" nin2 1w oan .oty 90 1k 70 nimn 'mw? o'y DITa | X
193 yy?7 0'7v 70 7 oita (1 :0*719'0 v 1yx¥ia .aon 9X9 nyroa 'pnan ,2005 nyroa
NNIYN NyaIxaw o'xya yv? o'y 90 7 nimal ,NINNRD NRIvR NY2INRa g
D'7VN .02Nan TN 170N vy niran 71907 oy 6 .0 110 7 mra nnnnxn

S219'0 7071 n'Mawin 07y NO0IN NX 1"Yn7 NN 7y N901 NOINY

7V1 YTA2 DYDION DIA'T .D™ya DA 1N D N'YA0ID L,YTAQ DMIDIO DIAYT | .2
N¥¥N (2 .02nXT UTINA NIM'YN Nz09N1 DITAN NKRYT (1 :Mwn NIK? DTV nwmna
NT2 (4 ="k D'YTINN 17002 ,M190 N7 Ta 27w (3 AXN29 wTIin )7nn2a ,0'7Nnn

NWI7W) (5 .001AIR-"71' D'YUTINN 170N ,"19] YaXn 'Y N7NNNEDNIDI0N NNAY X'Y




2'YWON NITYA 17721 D752 D'TAN 917'N .AI0RIR WTIN 7002, T Tan INKRY vy
CIRAS-3 Portable Photosynthesis 1'won? Timxa LI-600PF patn unnion

YN7 XN NITY2 7721 ,yVn 7¥ 0N NDNX? TTND ,0min 7X'™Y019 .System

wTIN 1700 .(YY? IR 7nNn DNMS) anfM9n N'7nna AInX Apyni D'Y7nNn NS0 | A
7901 11901 T'TAN DINA LD 11D .D'7NNNN NXR'Y' INXR L,VIAWYT7 NNK QYN W) yn
SYA0 91X 1791W NI7DWR? 019 NIZDWUR 2197 y¥ia X7 w192 1ITTAW NI7DWKRN
TVIN INKR 2pYn 1Y ,9002 .(71Ta NN WY IX 079K 2T DT N7'01 ,Niniyn niT')

.NNM5N NAIY N7NNNYT TTd ,yY 227 Iwrn 7nnnn nN'Mo

NIZDWRN 7¢ NN'ON 72197 11 'RN-7119K D'YTINN 17002 .M9al DIDYURY T | T
15-20 7 j010n ix'71 7DWRT yxinna 01010 70 -3 NMIMY 191000 NV'YA D'YTNN

DN Xwnn utRa (71712 n'oan 12 v 15 ) n'"o

N7wal TOX] 77w T'T2 220 702 Yy 70 7w 71200 .M NN Nt i n'pw A | a0

17.09.2023 .01mMy NTIRN N2 1Y

NIRNIN 5

n'7y 90 Ix 70 nina 'nwY D'V DITA

yxinna o'y 25 % 24 12 yai 0'719'0n "2 ARNIYND NIT D YXIMAN 0'YTNN 0Y750 190N
.(1 .on n720V)
170nal NNINXAMTI9N MY 170N INNXY ,uxIinna ,0'wTNN 0'75a 190on 1 .on nav

.P<0.001*** NS-non significant .n211'> TN anova 21 INNI NIRXINN .Agnn NRY NYAIX

Pvalue 90 70 |'7I9'U/DIT'A']'1NJ‘I

NS  24+2

2512 ‘ 22.11.23

D'7v2 0'7A '917'ni 0O' 7NX'Y1VIO ,UTAA 0D'IDI0 DIA'T

INN29 ,2022 NanyT 0'wTina 07y 90 Dy 0'¥ya PNam 91X NI DD YA |7'nyn TN
07y 90 Dy D'¥Y2 7n2IM 91X N2 D' YT 0'onn dIoN TP ('R 2 q1a) 2023 Nanvupini

("2 2 911) 2023 "any T N2107IX RN ,2022 NanyT D'WTINA

134



135

300 - N .79* ¢ 90
250 1 ‘
A 200 - ** g
o H *
2,150 - i
(@)] .
2100 1 § i
o 50 -
0
G} G ) S} S}
& &
Q \2) Q Q
SN G R
alale)

120 _N e70 @90
100 -
% 80 | * % 3k k
\n
o 60 A %
£ 40 -
a 20 4
’ b
AL A, N, V- B, -, - B
& F & &
N\ TN NG ,1:5\ R

XN

.0"7UN 7N 0'012 YTA2 YXANN DIA'TN .YTAA 0'oNn 1210 (2 -1 [7'nyn (X TIDM (2 .0n 9

.P<0.001*** A P<0.01**,P<0.05* .n1u'> Tn anova 2 INNI NIXRXINN

[ 12 DTN D L(3 .01 91a) 0719100 2 7TaN 70 X¥N1 X7 0'72p2 0N TR'YI01I9 N1'N1a

DIV 77AN X¥N X7 LD 1D .AnRNNA L('Rn) 21Dt (02nxT) 9ainn niwa L 17bar -7 7bar

(4 .on 971) DIV 0'719'0N0 D7V |2 DRIIYNL [NAN9N YIQ'R IX NIMIF9N NDY7In

70 90

7/11/2022 17/5/2023 16/8/2023 13/12/2023

1NN

.01Ta ANX? 0'7v 90 1x 70 oy nn 'xy 7w 07y 0 IXR'YI019 3 .0n qA



136

300
250
200
150
100

50

gs (mol m2s?)

30
25
20
15
10

A (umol m2s7)

N e 70

TOD10:00
* 90

—e—

({}' Qq:» Q‘{'b Q‘{}’
v v v
NV & ®
N NS N’
KN

TOD 14:00
:m 228 a ©70 90
£ 200
£ o :
5 50 i é é
0
0 o
R N NS NS
v v v v
N NV & ®
Q«. \\. \«. \6.
1Rn
30 -
T e70 90
25
(%]
o 20 A
= :
B 15 T
510 . g i
< 5 A i
0
g g v N
v v v v
N NV P ®
& N RV N
1RN

nnYm (X .o1ma X7 o7y 90 Ix 70 ny n'xya (nnon yiapl oTan 'o17'n 4 .on qa

nywa nnon vy (2 14:00 nywa o'2va niraron nin'zm (2 10:00 nywa o'7va niraren

.14:00 nywa nnon viaye (1 10:00

(Yv? lwxQ 7nnn 7n'No) nn"19n N'7nNn INX Agyni D'YNNN N1'90

Nx¥n1 X7 2023 7w nnm9n N na (94-012-20 n1dn'? ndon NIT) NINTIRZ DY 'R 19D

NXN1 X7 D Md ('K 5 9a) ,(0'7nnn 22-23) 'o10n D*7NNNN 19002 IX DXR'Y'D QXA 7TAN

77531 ni7DWRN 190N NRNNKD DAWN NWITWA ("2 5 q1a) wi9a 1ITTAW NI 190N 7Tan

5 97a) ni7nwx 21 7 20 12 ya ni7DWYRD 1900 Mwn .yxinna yy'? niznwx 20-26 N n'xvn

25 1
S
o 20 A
:- 15 A
2
g >10 -
s
g ]
=)

O_

Y¥Iinn 120¥n 0'7nNn 190n

(2
m70 m90
N -
; ¢ ¥ F
i
T
i I
k3
(40 (40 (40 o o o
o o o o o N
¢ & & s = =
o] n N — 6] n
— AN —
XN

90 1x 70 ny n'xya 2023 niya ITTAIY NIT'A 190n1 y¥innn 0'7nNna 190n :5 .on Q2

.DIT'an ANXY7 D'V



137

n'xynn 33% 21.02.23 1 .(6 .0n 91a) yan -IXIN2D D'YUTINA YX¥IA D'7NNNN NNMO TNX 2p7un
83% 28.02.23 -a1 .0*7v 70 ny n'xynn 0% nniy? nimo TnX 7nnn oy 1'n 121 07y 90 ny
D'"7vn No0In .(6 91a) 07y 70 oy n'xvin 50% nniy? nino 7nnn oy i'n 02y 90 oy nrxynn
94-012- n'12IN7 DdON NIT) NNM9N NATEA? NINTIPN DIYN NYITYWA 11'RIY '9D NN 1IY

(20

120 - —e—70 20

100 -
80 -
60 -
40 -

NINS 7NNnN DY D'YYN TINX

™ N K4 N %
RN
NMNT N1y 9" .oita AnX? 07 90 Ix 70 oy o'xya o'7nnna NN axp (6 .on QA

.2023

M9 NN NF'TAI 712 N'7'pY T2

D2wn yaxa 07y 90/110 1x 70 ny D'y yxImnn 120¥NN 720 IR NIKN? N1 7 .00 9
2023 miwn 7nni 0y 110 18 70 7 mra oxyn 2022 niw Ty .nmNT N2y 9"ina NRINNRN
nniy? yv? 177 693 xin 07y 70 oy 0'xya davuxnn yximnn 7220 .0 90 1k 70 7 ot on
YV7 177 6-18 2w yxmn 71an o'xn nnax 2020 mawn 7nn .0*7v 90/110 oy oryva 177 728

(7 .on 912a) 07y 90 Ix 110 oy o'xy N2ILY D™719'0N |2

2800 ®2019 ®2020 ®2021 2022 =2023
5 700
=]
[a
I~
g
z 500 214
2 202
2 400
>
©
N 300 125 143
o
@ 200 33 -
N 100 - -
~
= 0
70 110/90

(DiT'a 'aNX D™V 190n) 71910
INNIN NIXRXIND .AMNT "2y 9"m 2019-2023 (a"j7) Yv? "avxn yxinn 7120 :7 .on 9

.0'"719'0N |2 'VO'VVO PNAIM 7TaN KX¥N1 K71 NID T anova 2



138

D'™719'07 17NY M9 DAY DI'R ATIRD N T 7V N90 (I NIRXIN NIX DAYYAN D'91AN
X77 'my M97 DNIT 9IXQ )0 DK [P'MNN 0Y719'0 NaIYY M9 a7 7aR (vt Ik 2 T)
MON |1'N NIXXIN 'O 7V .YY7 YyXINN2 NIAXIM NIRXIND .(NTIRN NN 'MIo yTn ' 7u) 0'719'0
2172 M9 NNALVEA 1R 5 7w nva 1o T AXa oY 90 Dy DYV M190 NOOIN ,NTIRN DA
8 .on q11) NIv7wn N1*N1a ('R 8 .on q1a) DA 18 n v MO NNV 177 3 7w NI 18 n
1112 NO7IUN M9 17'7 14 7w 27y ,no%71Iwn X7 M9 17'7 1 7w n'2va nrkvann 71200 nooin (2
.on 9M) ,(NI197'w 40% Tv) TINN N971IWNN M9 NNV 17 7 7w an'nol (N197'w 25% T)

.DIMN9 1I'RY M9 177 7 10119 Mo 17 1 7w a2y anen (A8 .on ) nd'kn n'naa (A 8

mnio'rw 40% TV

120 1 & =01 18>0 niorw 25% Ty
a 100 A D7 18<mo o 120 °
e 2 100 412 nIo'r'w X147
- | s
g 80 63 = S 80 48 a7
"E el E 60 17
' 40 1 ;;— 40
0 0
90 70 90 70
D7y 190N o™y 190n
a 120 Ta EpIrmn9 " ornno XY
c 100 -
g 80 -
= 60 | 4 67
_I:
=~ 40 -
] M
0
90 70
n'7y 190n

NR 97 (2 NIDY NAT '97 (2 M9 7TIA 97 (X .(]'mnn) M5 DX NIRXIN 8 .on QA
NI97W X771 D12 18 7yn M9 A TAmM N MiR'RN 190 .(DI'1S X7/nmno)

T

D'YTNN 0'7VN 190N N1'N2N 0'719'0N |2 7720 X¥N1 X7 .07 90 Ix 70 nmM 'nw'7 07y DIT'A
07y 110 Dy D'xY "2 AXIYNL NINTIR D'IWA DA NRTN NNANN NIX 11'R) .NIWN 17002 0'NNIXN
'oniyav XN 12T nivnwn .(94-012-20 Aznn ndn) 2022 mw'? v1o ,0'% 70 ny 0y
.D'UTN D7V 7Y Nim'Y AR IR TITY 'R, (YV7 17 153 Tv) mwn Dn'7R nyvan nnaRw 7120
anx? 0'72v 90 NOnin) 0'7yn N9OIN .0™MYa D'TA 'O17'NI 0N IN'XIVID ,YTA2 DMDIO DIA'T
0'0NnN TIoN TN 7V Pnam 91X nyown (7ITan 211oNoa fixnw 0> 07y 70 X721 Diran
A7wUnn 101 0™719'0N 12 7TANN ARINAD TY NAI0RIX 'WUTIND 'Y 7In'ann nn ymaa |7yl
[2 772NN .0'7NNNN N¥YXD TYIN TV (MY 07TAN A% DR Yo i) 0'7'Nan nNSn 1
[N [27 MN9N YIA'RI DTN '917'N NN 0'7TaNNn Y21 X7 Y122 'woinn 210N 7132 0'719'0N

.0'"7uN N90INN Y11 KINY 7'0nY



139

0'onn 12I0N N9OoIN .(YV? IUXI 7nNn NNMS) nn"9a 17NN NN Ayni 0'7NNN 1190
7901 (2004) "owina 197 . T'TA2 NINNSNN IX D'7NNNN 190N NO0IN7 NNANIN K7 [7'ynl
N7 FT2 2'90N YA NTTAY 'UDINN 121010 TIDM .0'WNLINMN NITINY '97 yap' 1nN2a NINN9NN
7w n2am n'wa? aim X7 0'719'00 12 'woinn 12100 71D 7Tann Yy? nipwr 20-21 2
JDINTIR DY 'R '9D ,0M* nnd2 nn9 o (110 1k 90) o'y nooin ny 0'xy .NIT
Mo 177 150 TV NRwY? 0710 Dita AnR? 07 90 Dy 0'xY .M9 NN NEPTAL 72 R pw T
MID'NN 9N N'¥719] NYAID NI'RY NZNAIN X7 712 N90INYT DN 12100 .INID'RA NY'AD K77
.(Joj IX/1 N971WN) MID'R NINDN 9N N''¥PI9] 7'V NOOINYT NXR'ANI

D'M' 190N NNM9N DX NNTPN LUTA2 DN2I0N MAKA DX 17" Tan 07V N90IN D112 Nizon

JTIDIRN 9N NUXPI9D NS K77 712 N nYv7 nnnini

oA .6
nn nyown .2020 .n 01X ,.N 'P02"'¥I7'0 ,.' 'POANVOIN ,.X 'N2] ,.X '701ITO ,.1 [INAXK 17TN
JMNT N2 9" 710" an T nn v 'R 7 7y 0'vn nima
N>MNAI 7KW DINNN 77N 12X ,N"YA 0R7T DT kXN nnn .(2004) .y 'owina
JIN'9N NYyIn
DINN2 "1%w 77" nysima niynn 070NN pn .(2006) .0 ixka-apnR -1 L,.X 17910
.D'NNXN NxyIin 7210 |t
.12V NNI'0 NINN .0'WLN YZNNn Ddon N"IT , 0NN 7w n'ovovrolve NIy .(1987) .n |nd
.86-95 'y
X"y yonn |7y .yona 17y .721n'ana n2in nirano .(2017) .y nxpi .0 r0oaYNIR'o X '{7011TO
.26 - 24,2017 A"xN29
JTNIRNAN YIA'RD DIRXYIN 78 yara nnn 21 .(1977) .w 17100
AYPN NN - N2 DN TIAKR QxR Y70 010N L(2012) LK Y -1 LR MIY LR ROV
.22-32 :66 11> .younn |17y .?2n197wn nyoIiny
(1982) Influence of crop load and leaf/bunch .Y. and Risk S.A., Meligi M.M.Abdullah K
ratios on yield and fruit properties of Hayany dates. Proc. 1st symposium on the date
palm in Saudi Arabia. pp: 23-25. Publ. by: King Faisal Univ. Al-Hassa. Saudi Arabia.
pp: 346.
Al-Salman H., Al-Wusaibai N., Al-Hussein M., Al-Hajji H., Al-Abdulhadi I.A. and
Abdallah A.B. (2012) The effect of different leaf/bunch ratios on yield and fruit. Indian
.Journal of Science and Technology, 5(3), 2287-2288
(1986). The effect of Different leaf/lbunch ratios on .A. and Shaheen M.A.Bacha M
Yield and fruit quality of Nebut seif and Ruzeizi Date palm Cultivars. Arab Gulf J.



140

.Scient. Res. 4(1), 341-347

Cohen Y., Freeman S., Zveibil A., Zvi R. B., Nakache Y., Biton S., and Soroker V.
(2010). Reevaluation of factors affecting bunch drop in date palm. HortScience, 45(6),
887-893.

El Omari, B. (2022). Accumulation versus storage of total non-structural
carbohydrates in woody plants. Trees, 1-13.

Hilgeman R. H. (1954). The differentiation, development and anatomy of the axillary
bud, inflorescence and offshoot in the date palm.

Hussein F. and Abdallah K.M. (1973) Leaf/bunch ratio in relation to yield, fruit quality
and ripening of Sakkoti dates. High Polytechnical Institute. Moshtohor, Egypt, Bull. 33,
A-12

Hussein F., Mostafa S., and El-Kahtani M. (1977) Effect of leaves/bunch ratio on
quality, yield and ripening of Barhi dates grown at Saudi Arabia. Proc. 1st Agric. Conf.
Muslim Scient. Riyadh. Saudi Arabia. 3, 409-419.

Mialet-Serra, 1., Clément-Vidal, A., Legros, S., Caliman, J. P., Siregar, F. A., Jourdan,
C., & Dingkuhn, M. (2010). Non-structural carbohydrate pools in vegetative organs of
two tropical palms: the coconut and the oil palms.

Mialet-Serra, I., Clément-Vidal, A., Roupsard, O., Jourdan, C., & Dingkuhn, M. (2008).
Whole-plant adjustments in coconut (Cocos nucifera) in response to sink—source
imbalance. Tree Physiology, 28(8), 1199-1209.

Nixon R.W., and Wedding R.T. (1956) Age of date leaves in relation to efficiency of
photosynthesis. American Society for Horticultural Science Proceeding. 6700, 265-
.269

Nixon R. W. (1947). Can a date palm carry too many leaves? Date growers institute
RPT. 24, 23-27.

Sperling O., Lazarovitch N., Schwartz A., and Shapira O. (2014). Effects of high
salinity irrigation on growth, gas-exchange, and photoprotection in date palms
(Phoenix dactylifera L., cv. Medjool). Environmental and experimental botany. 99,
100-109.

Tixier, A., Guzman-Delgado, P., Sperling, O., Roxas, A. A., Laca, E., & Zwieniecki, M.
A. (2020). Comparison of phenological traits, growth patterns, and seasonal dynamics
of non-structural carbohydrate in Mediterranean tree crop species. Scientific
reports, 10(1), 1-11.



141

Zhen J., Tripler E., Pevzner S. and Lazarovitch N. (2019). Impact of fruiting on gas
exchange, water fluxes and frond development in irrigated date palms. Scientia

.241 Horticulturae. 24, 234—

:n'o A

0'01 7y DIT'A 112 :NNA NNLNY ANKNA N ATIAYA NN 'O 7Y 1IYXIAY D"0MN X
INID'RI 7120 ,NNM90 ,NM'¥N NK 2pyn nyxa (o' 90 7 110 n nT') NnWTNN NDINN
JMI'9 NIDYIMI 07V N'VV'OIVID NIT'YD ,YTA2 DMDI0 NPTA 7\apnal

QY XN 'K MY INITA ON'NAN 'YX DSINA IYIAY NIXXINAI DTI0A Mj7'y VD .
N'D ,NTVY'OIVI9N 2¥7 X71 ,0'%72vn noomw (0™ 70 nipna 90 NAnin) Nn Dira "y
xa1 07y 90 Dy DYV NI NI 'WOINN 210N TIDM .YTAQ 'WUOINN 210N TIDM 7V ny'owny
JIMIDIRN 90 NUXPI9] NYA9 X771 712 N90IN ,NNM9N NNTPn DY DXNN2

JIAn 27N IX NITA NOIPNA PNNA NNUVN AYIA TXD VD .2

7¥ Narrnn NYSYN1 NIy 0O'RIN 1NIX .IT MY P70 [91KA NAYIN N'7750 Agnnn Don
N90INA 7NAMI 'NIYNAWN VPOKX D'RIN K7 [TV 1INIX 72X Y122 D100 1ARNA 7V [INNN DITAN
ylth

NIN'YNN 75 =177 AN NIN'YNA 1720 NN Y¥ann an "X ,n9'Pnn ny¥a7 oxnN . T
N NMYY7 121NN 1Y¥I2 TN N2ANI

22 IX7 NIXKYT N1 -DWNAL NN DIYT 3% NRYYAN [Nl DIYYTRN NRZona [an .
nyown v (90/110) o'y nooiMw (QWnnn NYDINAI NNTIEN NDINA) NN NRY
(o' 190N ANM5N NNTEN) D'7NNNN NNMMO TYIN LYTAA DYIoN TIDM 7Y Npnam
IY' DI'N 12D .07V NP DY O'YY NAIVY? YY7 yXinnn 71200 N2 7y nznam X7 nyoswini
75 7y D'72vn nooin 7w vpornw NN 07y 90 YW M DITA7 NIAYY? VINNY 7Tan
77 i 07y 90 2 7ax .07y 110 Dy D'xya 7apnnw VPOXRYT NNIT 7'WY7 12'IXW DMI0NI9N
72NN ND'AN N1'NAN D20 D'RIN YY'? NNT [ TYI DITA7 TX'D D TAIVN DX NININYT 1My
17¥ nMdIoN

NTIAYA 170N 17NY DMINKRIE DURIPY DTAI71200 DR IR [NN9Y7 NNNRY NIYan |an .
NI0N2 N'NDIN IMIDNANY Y10 DD'YAN INIX -QUna? JnIon™na nirfa% amx ani
INI'W 120X¥N VPOX N7V XN NNYTIY 712'0 DA 7y 0'719'00 NYSWN NX AIY7 'wnn?
JNIY 20 NN NRT N

17.01.24 Apnnn wTvi ninnpy naxn 8.3.2023 :aoippnn 17002 9"ima 1wyaw niri''ye .1
."2023 n11>'n N2va oMnnn Ny 00" NNA0NA 0DNYTAI D7 TANT APNAN NIKYIN NAXD
NIA0N2 AXIN IZNAN -APNNAN 1Y2IY NNAYA NRINYA IX NZIan DRINWYA DI .N

J1"12 ]2 NO'ONAMIN ,NATAN IPNT7 D2IDNA "Nwyn? nMixknn (33 N X X [I'Tion'o”



RI7FR-NAXD AINN? N'YYN ANNN IR TR NIR?ZRA N7 70 h7nnn nyswa I .0
N2 .IITRN N'70'7D 7V ND TV 7NN NIRXIN NYSWN NIX 0T 27W2 NNd7 '"MNYONA 'R -1ITRA
RUIPR NARND 2RNT7 ANINNT7 AN TR D 'R D

['K =]IT"20 7NN [ UNnNd TNy IX 'N2IN 7NN 9"NY [1DINn 0'oon 0's"in 7'k oy !
.NT 272 (121NN 719 qIn'y

J221IMND NN J'wnin 0'X'Y7NN 1INIX -A7NNA 'Y IR 7NN JYnaY? nix'ma X

SO 1N =pPnnan 1yaiv n'oulus .o

142



143

v/

23 a‘ <

H’m S 2

7 =] a

INIWYT N7 |77 D Q
% N

K

KKL-JNF Ko

192N NIN'9I J"IIN‘J‘F'nn Ten

2023 -%"pa% '"mwv n"1ITI/M'INT D2 9"In 9" Inn DY A

AWIRY TTND ,0M1'WX 7IN'an 'YV NINpN2 L7 ynl 0'onn 210N TIDM INYXNN XY INYONN DY
2120 nX'wa
82309 :m11o TPIN

(meir.michal@gmail.com) .n"ANT N2 9" ,|MNAX 17T 7™M :N'WUKRY NIgin

N1y 9"IN ,'702ITO DNNAX .N7'A 7NN 721 ,'K77NN IPNAN 70110 ,21'719W 1IX :0'ONIY DA7IN

MmNt

nownl :n'Inn 01vvo

2023-2025 :n"1121nn nirol aYnnNa TvIn

PN L2

IN TMIYON NI'X WX YV 7V N2 712 nonyny X' N'MINTA N2y 0'77an0 2172 DNINN nyTn
YYNN D" NNI2A DNITN NN YWD NIT 7w NdIN1 NN D'R'NIN DY 3-7 [2 DM'YY O'YY N7
JAZIVN MY NR71 N2 Yan'l NN X OKX' ,YVn 7@ D100 NaRn 2T T7 72 nina v
70N19 7V NOOIAN NI'RIYLVNT7 YUNN NINWN ONIX TITA7 XN DN'YWX DYV 7777 78D n07nnn 01
D'¥Y2 712'0 X NI7YN7 [N Nnd TV [INQ7 XD pnnn DNon L1272 YTann (1'on v XX TN
N2 IX NN Ya9' NIaa 712 DXRNE 71707 'RTO7 T'Tan DR 190N 71210 N90IN DXN 70NN
D'7V2 0'0NN TDION LYTAA [7'Ayn TIDM |2 DXNA D'PY XD ZNnn NNIN .7npivn mwn v
7¢ 177 Th NIV7NNA DY TAaNN DX WNY'Y 7D NN9Y 7211 NId1 Annn NNINENT'NA .73 Naal
Mo 177 90-97) D'y 0¥y NIRA 7120 727 MY NIKN NMIYRIN NIWN NIRYIN .DN'YY O'YY
MO N9 TINA NIVR 712" NDOINYT N7 AN MY 21771 i N kv L(5-6 1 nrvva
N7277 7220 D DI X7 Y1 [7yn TN .N97IWN IR (VR 19 D' OHNNY MDD A7'WI IR
IPNNN W DT 272 YT 0'0Nn 110N TIDM17 N7V 0'0Nn 12100 TID™M ' OXNN KXN1I 712 NOOIN
'N NIY NIRXIN TXD DWTIF 12N TV TTA2 YYD 7R'%I019 DR NITNZ "WORNY 7D |"TY INN'S XY

.(2024) nxan Nmiya MR 720, NIMIoN L,'Y9INN 1DI0N NARN 7Y 1Y'ow!
NINN 1I9'WY7 DINNN 92V NI7YYNN :IMNT N2 9"in 7¢ ninnNna DINN NIX INKIN AYXan
NI7IY9 NARNNI YONN N2 I9'Y NMNT N2y "IN TY' IR INXKIN AY¥AN .NINIYN1 [120'NI

.0'na 0727 TN



144

D'WAN IXNLXZ Yy .3

7w M9 7907 DTN X7 71In'an NN HTann 707 1D R¥N1 N'INTN N2YA NINNK? Y R0
,0'7'TN NN 27T ,nparn Lyrp ,0™Y DIra) 719'0n 2y NIRXINNE DL 7 IR 6 'R Ty Drvy
YT -DITY-NI'NIN I9'WY NIX) INTDAN NI72NNN NI01dNNNA NINIAA (TTAI D'PWA 0D ,N'WyR
N217 NO0'D TV ,72IT AN NIRXIN DX N'N9NYT7 NI 7V ,0M'YY 0'¥Ya 719'07 Niwa Wit pw' ('ao
(T%2 o'war 0') RN DY DITa (119207 DIRYINA D122 90N 9% [1IFTON N2 NMNon
,;7DWUN? 01010 30-40 /MI7DWKR 4-5 % 7171 Ny Ik N'whw mawn (2 5-7 72Ty 1190 75 naonl
D{7'N2AY 0797 NNNN TNXR D7V T DYNINL 0ITa (3 0Maian 0'2vn non X747 10107 nine 7-11
NI'NYORNN NNX 72 7 NRXINN .2 §'Y02 09NN '9 7V 717 TI NARIVA MIYD 7 NIZIDYRND INNON!
NMINNN YWUX N9 N7 W7 NIRXIN IX (1 9'W0) 712 Ny'an? Nivson NIRXIN XN 7'W7 NI01Isnn
NNOSNNY7 0'7'NNN 71n'an2 M9 NI7PDWK (3 -1 2 0'9'y0) 719'0N NI7Y NIX NOdN NI'R 1IN N7APNAN
17100) NNTIEFN NIV 170N INNSNNY D'™7VN 7'N2 0'R¥NIN 0'YWRONn 01w 3-5 11 0Ny 0¥yl
NNN9NY? X'an 7177 .(2016 1Maini anp) 21710 no'w T v 1din 71n'an xya 7 onw (1977
IM2INI '702ITO) 7DWUXRN 7¢ NN1awy? DNa7 717w M9 oniy yam pal yy'? 0Ropn NIN'ON 190N
NNT7 TTNRD ,VTAal 0752 ,'UDINN 1DI0N TIDMA WIN'WN NX [INQ7 D'Y'¥N 12X 'NdnN nna (2011
197 Y271 NI7DYXYT D'NNONNN D'YRON 190N N'97 NIND0 NXNM IT NYT .NXYYT 710' Yyynw 7120
NINNSN7 N"nn'y 0'ypon 1oon (1954) Hilgman 'o 7y .(2004 j"vwina) nn¥a 0'yvnomn Nnn
'9 7V .07 TVIN2 D'7V/™19 ON'NN YOWIN TWKR ,MAI0RIRYT 1I' D'UTINN |2 DYIDI0N NNYAXN YOYIN
NN 127 072N IND 0'012 YA 7'y NARN 'Y ' orknn RN (1940) Aldrich and Young

.19 DMdIoN

nna nnun .4

.DM'YX DYV TTAN NIFRTDI 7120 NX7YN N'WRIN ZNNRN N1un

JIAPIVA NIV 17W D2N1WED YYD DINNONN 7V 7120 NaIa nyswin Na'na (1 :0awn ninun
712 9"y ,"190 NID'RA YD K77 ,NRWYT 710! yyn INIX 7120 NDWN? T Nin'o (2

.D'RNN A7119 TYIN 9"y (0'0n 1210 IX [7'y) D'7pa D'WOINN DMDI0oN



145

NTIAVA NIV'YIZNNN 1700 .5

#nn'wn

NNy

nlonn ,0'7v N1'oo nd>wa 02.2023 1 .yy? o'y 90 Ty? nxyn Dima
NINS D'RYII DN Y'Y¥N 072 7w X .07 90 Tv o'xyn 2y 1IN nn'n
.(0"7y 43-68)

.X

N2w1 26.03.23 2 .M9a1 NITA 7Y 2Y'WIA DTN [1'9XI NITIDYRD NN1D0
OIT? NI7pwr v 7Dwr? 01010 5 nnio 04.04.23 a2 .0''nnn n1'oo
D'0IN NS0 NDWII ,O'7NNN NXR'Y' 7W 072 W DX NN DNIT AW O"No
NYOWN NX |"'OX7 N1 2y nMwn niN'on oo N>l 09.08.23 2 .niwrn
ANX7 VOIAINA .[010N 7W N'WIN NNNI NIN'ON NX'W YWD 7V 0'719'0n

V192 1ITTAIYW NI7DWRN 19010 7¢ NN'D0 NdWI T Tan

NN 719'0 757 oxyn .(1lvapaw 0'719'00 ' 7p) oAl NITRDYRD 1T
0'719'01 (2023 'kN7 YN UTIN Q) NNAT NI )W 217770 RPN
:0'"719'0 NwMN 1YXI .719'07 oy 3 v 4-5 0'719'0a1 719'07 0'xy 6 W' 1-3
7-16) n*72nnninn 71-72% nanin (2 (19.03.2023) o*7nnnin 75 non (1
71- nanin (4 .(ni7pwx 3-9) o'7nnninn 36-39% nanin (3 (NI7DWR
y122 war in 0Ma\a"n 35 n niaa 7my 1151 Dy o'y v 0'nnninn 72%
D\A"n 35 n ma |7y 1151 oy o'y v 0'7nnninn 36-39% nanin (541
26-28 1 nn1010 30-40 7 17217 ni7DWXN D™19'0N 701 YT WA nin
.|010%7 D'VIN

72N¥TA 7721 717N 07NN 1'97W D'7Yal YTAd 0'oNn TdIoNI [7'Myn TIDM
2022

DIT'AN NX7, 22.12.22 1 .0"7ya1 (07250 AN NNNN) YTaa D10 DIAYT
NTZN NITY2 71Y1 DIAYTA .0™7V21 Y722 0MID10N DIA'T Y1 NIN'YN Nj7oONI

.N7UNn NYTYW 0'012a1 D'™7YN ND 0'02Q7 NNNN IV YTa

JPWn TTTA 220 D2 Yy D 7w 71 Mo N nprTal 71 N pe T
NN NI T 17 N1 90 .02.10.23 -n1 04.09.23 712 '210 W I'n

.OImMy nAmMKn N'aa




146

'N MY NINNIN .6

yv? 02y 90 Ty? 0'¥yn DIT'A

.("2-1'X 1 .0n 971) NIYN 170N INNXY D'YUTNN 0'7Y0N 190N ,7NaIn X7 ,'MIynwn 7Tan X¥nl
[ N1 NIT oniya yy? yxinna 07y 18 nniy? 07y 30 n'n yXimnn 0'7yn 1900 Niaa NIT oniya
D'YUTINA 7TA'N Nann Nooini 2022 AaxiN2oa 171 oxyn nan ('R 1 972) nim X727 o'yya o'y 21

XN NITA aXIni 02NN

1]
o
an
o

g QA [ N
2 40 2 40
[ r
£ 30 £ 30
a a
g 20 g 20
3 3
~ 10 ~ 10
2 2

0 0

m nna 0 m nna
y7a2 Yy 115" ' Y NIT oniy nIT oniy

75 nnn Noinw 0'yy (X .2023 7anan TV INNASN INNXY D'YTNA 0700 190n (1 .0on 9
VT2 [7'nyn TID'7 DXNNA )1N1 NIT 0NIy DY D'YY (2 .01 IX )M DI oniy oy o'yl (0) nimn
VT2 [7yn 7127 DXNNA NI NIT 0Nty Dyl

NOAI NIT'A 7Y D'WIN DTN I'9XI NIZIDYUKRA N1'90

oniy oy 0'¥ya (-1 'R 2 9) 07NN 22 -7 5 12 yal yy'? Yy 2 DAY TINA DD D700 1900
0'¥y2 ('R 2 972) yximna i 10 0TTA D2 DT oniy Dy 0'¥YA1 YXIMna DI 5 T ma N
11 N2 NI onival YXIMNA NIZDWYR 7 11TTA )N DT 0NIva ,yTaa [7'yn 71D '9 v 1ITTY

("2 2 972a) yxmna ni7nwx

H 2IUX1 D'7NNN 190n H 21UX) D'7NNN 190N
25 1 ¥ ITTAY NIT'A 190N 25 1 HITTAY NITIA 2501
a
20 - 20 -
I X
w15 1 15

10 ~ 1041 B
5 4 5
0 - 0

m nna 0 qm nia

Y11 [7'ny T2 'S 7Y NIT oniy nIT oniy

Dy 0¥V (X .0NIYA D™719'02 V192 ITTAIY NITA 190N1 NIYXRIN D'7NNNA 1901 1 .0n 9
TI>'17 DXNN2 N2 NI oniy oy 0'yy (2 .(719'07 0'xy 6) 7202 NI K77 IX NIAa M1 NiT ony

(719107 0¥y 3) y1aa 7Myn TID'™7 DXNNA NI NIT ONIY DYI YTAA 7'y



.0"719'0N 2 '00'VVO 7TAN K77 (2 -1'% 3 .0n 91) 58% 7 49% |'a Y1 N'waN TINK

X

7047 o, 70 1 58
< 60 - ’ 52 °\o 60 - 49 ®
°. 50 1 8 - D0 - 3
D 40 1 D 40 A
e 30 - £ 30 -

20 A 20 A

10 ~ 10 A

0 0

m nna 1m nna
Y12 7'y 112" '9 73 NIT oniy nIT only

only DY 0'¥Y (2 .01 IX N1 NIT 0Ny DY 0'¥Y (X .0IYA D™719'02 NN'YIA TINK 3 .0n 92
NY'WIN TINK VT2 [7YN TIDM7 OXNNA N2 DT 0Ny 0Y1 YTad [7'ayn T1>7 OXNN2A il NI
2 No0aw nn'oni 04.04.23 1 N>waw 0107 D'VINN NI'90 |2 7aPNNY WIS '9 7V awin

.09.08.23

.0"7v2a1 (070 AN3Y NNNN) Y723 01dI10 DIAYT

9712 NN (0'on 1101 [77MYy) 'WSINN 110N TIDN NP7 yral 0y DT 1w 12.2022 a
NI22 0'0nN 210N TIDN X 0'72Y7 ANNWND YTAd NP DA 7'y TN NIRMT? NI 4 190n

.NT'N NNIR] DNIYA

250.0

H|7ny ®o'ondI0

200.0

=
0 150.0 -
-

(@)]
= 100.0

50.0 A

0.0 -

o'y yTa
anmnN
.0"M'YY 71n"an 'Yy 7w 0'7ya1 Yy1aa o'onn 10l [7'yan DM 4 .0n 912

147



DNXNN X¥N1 X7 .(5 .01 91a) D*7¥2 0'0NN IDION TIDMI YTAQ 0'0NN IDION TIDM |2 AI'N OXNN D*'}?
,0'01NN 190N ,YY?7 D'7NNNN 1901) NIMISN 27 N7V IXK YTa2 0'onin TDIoNI 7'avn TN |

NIAXIN 'R NIPNAIM ' X7W D"00'VVON D'INANN NIXXIN) NN X L,(]0107 N'WANI NIN'ON

(T NnIM

o 250.0 y = 1.265x - 76.755
a R% = 0.6258

200.0 °
5 o
o o0 o
A 150.0 ® e
R e
I 0‘0
a . o
— 100.0 (R L
S ™ .
(a)
T 50.0
oTs]
£
=~ 0.0

0.0 50.0 100.0 150.0 200.0 250.0

(mg g’ DW) y1aa o'on Io

.UTa2 0'ona 12IoA 1121 0D'7pa 0'ona 1DIoA TN |'2 "AI'N OXNN 5 .0n qQa

M9 NID'R NP'TA 712 N'Y1'pY ,TTA

NI22 D' 7DWURN 77wn M1 NiT oniy oy 0'xya Lyximna 17 11 7 9 2 va ni7pwurn 7pwn

.("2-1'® 6 .0n 1) D77 2 2 ,(Pnam X7) e

g 16 - g 16 -
3 12 | L
J~ oI
X 12 - 5 121
27101 ARFE10 -
al 8 4 g T 8 A
S 6 5 61
2 4 ~ 4
o~ g
22 2 2

0 0 -

niaa M niaa qnm
y1aa |7y 715" '9 2y NIT oniy nIT oniy

DY D'V (2 .N122 IX M1 DT oniy 0y 0'yy (X .(a"p) YV? yximn 2DUX 77wn (X :6 on qaa
77wn .yt |7'nyn T1D"17 DXNN NI NIT oNy 0V Y1 [7'yn 7127 OXNNA 1N NIT oniy

17V NNNY NI 90N P70 yy'? 72120 1o 7y awin 70wWRn

148



149

Naa NIT oniy oy 0'xya L(*p<0.05) 0™719'0N 2 AXIIYNL 7NamM [DIX2 NIV AN 720 Nl
('R 7 .on 9M) yxmna Mo 17'p 57 72pnn M1 NiT o oniy oy 0'xyal yximna 1o 17'p 90 7apnin
D'¥Y2 YXINN2 17'7 97 Dy ,Nnam X7 728 nniT NNan NN'N YA 7'yn 71579 v 1771w 0'xya

(27 .on q12) M1 NIT onIy DY 0'XY2 YXINNA 177 77 1 012a NIT oniy 0y

120 120 ¢

- a A *
d 100 ~ 100 1
- o
g 80 - £ 80 -
2 60 - 2 60 -
I~ 2
2 40 A ; 40 -
% 20 1 = 20 -

0 0 -

nna M nna M
jiphl |'1'nu TID' ' 7y NIT OnIy niT only

NIT only DY 0'X¥Y (2 .N122A IR M1 NIT oniy oy 0'yy (X .(a"p) Yy? yximn 7120 (X :7 on qa
2 INNI NIRXIND .YTAA |7'yn 71217 DXNNA N2 NIT 0NIY OV YT [7'nyn 71217 OXNNA i)

.P<0.05* .nan» Tn anova

19 7V M50 NX 11'M NTIRN N2 .0ITY NTIIRN DA M7 nw 21910 75n 712 220 751 M90
n 71T XINW NN NID'RA M9 -0I'MMI9 .1190 NID'R NIX 2NN DN 217'wN1 NIDY'Y NN L 77un
DI'N"M9 VTANY M9 .(TAD IX 212'2) N97Iwn IX DM 18 n |V N9 -DIMMD X7 .NIB7'W X771 DA 18
MO 07710 DI'RI INID'X '97 270171 [N 197 D'ON'NN D'AXIAN D'97AN .ANIF D'NIAA DY'NN NTID
17'7 4 7¢ 712 NDOIN D'XN NIAA NIT ONIy DY D'¥YA (121 WIAY ,A'TA) 21707 197 719107 170w
TID™ '9 7V yx¥1Ia NI oniy WWXD ('R 8 9a) nnxnina ,072 18 72 nnnni 18 7yn Moa i 17 1
18 7 nnnni 18 2yn moa 177 14 2w 2w 197 3 7w a1 o'xn nnax (2 8 M) ymaa [7'vn

.NNXNN] ,0NA



150

(2"@) 'mn no

Epaa 18> 60 - Epia 18>Mo
60 - X
50 | 2 ® D1 18<nd 50 - ®pa 18<no
40 1 £ 40 -
30 g 30 -
20 1 = 20 -

=
10 ~ 3 10 -
0 0
1121 m nna m
Y7121 |'7'yn 712" 197 NIT only nIT oniy

6) NI2A IX N1 NIT ONIY DY D'YY (X .YV7 Y¥XIMN2 ,'7TIa '9 7¥ M19a [I' NIXXIN :8 190n qa
DXNNQ N2 NIT 0NIV DYI YTAA |77V 7127 DRNNA 1) DT oniy oy o'xy (2 .(719'0%7 n'xy

(719107 o'xy 3) ymaa |7'vn 11D

7w no0IN? X'an N NI onw .(9 .on 911) NBD7IWNN M50 NIND 7V NIT'N 0Ny NYSW N1*N1]
N97IUn M9 7V NYOWN K77 .n971wn X7 Mo 177 7 1 (N197'w 40% Ty) TIXn N971wn Mo 177 12
9 q1a) ymaa |7y 1151 ' 7V NI oniy NysSwin NN ('R 9 on qa) ,(n197'w 25% Ty) vyn
MO 177 4 7w Ny vyn N97IWN M9 17 2 7w 2T, TIRND ND7IWN M9 177 9 YW nooin 'Rk (2

.('"2 9 971) noIwn XY

Enio?v 40% TV Enio'7v 40% Ty
[ 0, ' o,
60 - Enio?ry 25% TV 60 - mnio'?rv 25% TV
a . '
50 4 nIo'7?'v X'77 50 | X nIo'7'y X747
2 40 1 = 2 40 17
g 17 g
g 30 - s 30 A
= = 10
= 20 A = 20 A
T 10 - & 10 A .
0 - 0
N m niaa m
yTa1 ['7'myn 11" 9% NIT oniy nIT ony

(2 .(719'0%7 D'xY 6) NIAA IR N1 NIT ONIY DY D'XY (X .NIS'W NIAYT '97 M9 I :9 190N A
Y711 |70 TID'7 DXNNA N2 NIT 0Ny DYI YT |7'9Y0 TID'7 DXNNA N1 NIT ON1y Oy D'y
(1907 n'vy 3)

DIMMID 1'RY M9 NN'N NO0INN 'V 72X DIMMID M9 177 1 7w NDoIM7 7210 niaa NIt onwy
nooin ("2 10 9aa) ytaa 7myn 1101 ' 7Y Dna vaa NI onivw 0yl ('R 10 9) (177 19)

.DIMM9 1'RY M9 (17'R 9) N*W%7 NNANIE DIFMMMIDD Y 190 NIND 7Y y'own X7 NI



151

a EpI'mnMo  Epimno XY X HDI'nfo ®pimno X7

a 50 1 a 50 1

c c

o 40 1 o 40 1

€ 30 - 530 |

=20 - =20 |

= e

=10 + 10 4

0 0

na m na m
Y712 7'My TI>M 197 NIT Oniy nIT ony

n'x¥y (2 .(719'0%7 0'xy 6) N2 IX N1 NIT oNiy DY O'¥Y (XK NN 97 M19a I 10 190N 9
3) ymaa |7'myn 71517 DXNN2 N2 NIT 0Ny DYI Y112 |7'ayn 71517 OXNN2 M1 NIT' on1y oy
DI'N™MD X7 M9 .77 N971Iwn 1'R XiIN1 n7yni 0Na 18 17pwny M9 Kin D™ M9 L(719'07 0'xy

.N971wUn Ix/I D 18 7 nnnn 17pwnY M9 XN

T L7
NI2' NI2A M9 ONIYY NNINN NYTN DX NINNI0 'K MW NIXRXIN (NM'¥A 72y 2an 722 nyswa
NINY TV MY 73 7721 71710 D'WTNN D750 190N DA'WY DYV .710'ANa 12'00aIl NiM'Y [1awn 7y
27-40% 7w nooIn 11727 NI2a 712' oniy Dy D'y 2N yya mwa o'wTn 07y 30 > 7y ax'nn
(M1 712r oniy nyiI NIT' X%7) DINRN D'719'07 ARNIYNA D'YTN D7V NI
222 0'yYY7 7a1pnn 7177 Th .0y 0w 7120 IR 7'9007 VYD N i0MtYX Dya 1At DA
2DWURN 77wn) oM 50 5 N noixnn f2xntopnn 7101 Y7 ni7nwr 7-8 nanin xin 4.5-5.5
N90INAI DININ NIT'A 'onA 17 77 -7 57 2 v niaa n'n 'R mwa 7apnnw 7220 (177 5-6 >
NININ) 2NY 2177Tn Y21 (0107 NI2AN NINDN 190N 012N NITA 'oniva Yv'7 177 33 Ty 20 7w
NINW N9I¥XNNN N Nl 49-58% 1 vaw n'wa Tinkn ARXINDI (N7a17nn 0'vann nimdn 3 'O
.(Ish shalom et al. 2023) 60-70%
nYa9 X7 M50 NO0IN .01Y 5-6 "2 0'YYa TTTAN NI'NIN DX 19W7 TWON ITTAIN M9 NN
NTINN N2 M NIRXIN ' Y .(D1M"9/N971un X7/D0a 18 n 21ma M19) MDD M50 N9
12'RI D'21N] D'NNA 72K 10N TV AT M9 .N97IWN IN/I |V M9 W 'Y NNtA 7120 ND0IN
X7W [1I'oN Y7 1002 NI01dN AN7YN 712 NDOIN ,0NAIQ DYV ,0'ATIZ DPNAL RIXY? O'RNN
(2011 'zoa"'x17'01 'POAITO) IT NMIAVEA 712! NOOIN7 NN 'NID'RI VTAINY MDD NINdA NYAD
w721 'N1N% 5-6 12 D'y ¢ TTTAN DX 091N 17W NIDRNIT NTTAY M9 NIND DX YTIY NIn 7y

.N2N NITA DNIX A ATIRD NN 90 7Y 'y ndwwn



152

71217 DXNN2 NIT N0NYN DNAY D'V 1727NNW NIRXIND YYD 21712 TTd Y122 110 71N
1'X (w2’ MiIn D727 DAY 50 TY) NR DYV 7ApNnY M [7Myn TIDNY NIT'YNn YT 7' yn
MANN 7V Y'owr 7120 only XD NYT7 0T A%7wa N2 X7 .na 72 ndMnY 71aan oo ninnn
TITANE NNMI9N MY DYYN 7Y NN 21 (190KIW NiNaTh 171721 01V) 2023 1anyTa 0MdIoN
72X 107N NINS XINW N7V DIA'T AWONR' YTA2 0'0NiN 12107 0'7¥2 0'onin 1D10N |2 oxNnn .2024
N'X10197 TTND wnwY 215' X7 D110 DIA'T NT 27w .YTAd 7'nyn 2¥N7 Yana nyp TR 17 [N X7
190Nn) NIMISN |'A7 N7V IX YTaa 0'0NN DIoNI [77yN TIDM |2 DRNN X¥N1 K7W [I1'DN Yy
D"VO'VVON D'IN2NN NIRXIN) NM'XN IR L(]0107 NI'WINI NN'ON L,D'VINN 190N L,YY7 D*Y7NNNN

.(ﬂT NIT2 NIAXIM |I'X NIpZn2am I'n N7v

n'oarara .8

NO'MNAI 7XIY DNNN 7TAN AR LNy 0'RPTN Nt NN nnn .(2004) .x rowia
JN'ON NYyIn

[Tn 0NN "% A7 T" nysima niynn 00NN zn .(2006) .n ixa-annn -1 ,.X 1790
.D'NN¥N NXyIN . 71n'an

'y .N2IY NII'0Y NINN .0'YLVN NN DdON N"IT 0NN 7Y n'ovroIvIS NIy .(1987) .0 [nd
.86-95

JIN'ON QAN LVIXZANTE DTN NN'Y 1900 NIN'DI NIRZPNN Twn (2022) onn 'von T7on
.26-30 :64 71 .yonn 17y ,710'ana Mo 71 17T 2 .(2011) .0 poarNipio L .X 70aITo

.0 LIA'NI,.X [DD ,.0 MU' ,.0 M7 ,.X T ,.X D2 ,.X 20217 ,.X 'K ,.1 DINVO ,.X '7011TO
.38-43 :69 710 .younn |7y fo'oy 7In‘an MmN T T 7m0 7T .(2015)

JIR7PNN Twn 645-0153-14 Apnn n'dn NIt .o 7121 7171 2120 .(2016) 1auni fzoarto
;71770 .yonn iy .yonn 7y 7210 ana n1an niranto .(2017) .y nxpi,.n 01X ,.X 701ITO
.26 -24

CTRINAN YA DRXIN 78 yaka nnn 2ma (1977) .o 17100

[T NN 712 7Y M9 onil NN'O 217 T niv'w nyoswin .2016 . npnw L' Yy X 0AITo W Ny
NN-NAI9X NN N2W 9" N7 Apnn N"IT .ATIAvN M ND>MIXIE NN N2 71In'an

Aldrich W. W. and Young T. R. (1940) Carbohydrate changes in the date palm during the
summer. Amer. Soc. Hort. Sci. Proc. 39:110-118.

Alikhani-Koupaei, M. & Aghdam M. S. (2021). Defining date palm leaf pruning line in
bearing status by tracking physiological markers and expression of senescence-related
genes. Plant Physiology and Biochemistry, 167, 550-560.

El Omari, B. (2022). Accumulation versus storage of total non-structural carbohydrates
in woody plants. Trees, 1-13.

Hilgeman R. H. (1954). The differentiation, development and anatomy of the axillary bud,
inflorescence, and offshoot in the date palm.



153

Mialet-Serra, I., Clément-Vidal, A., Legros, S., Caliman, J. P., Siregar, F. A., Jourdan, C.,
& Dingkuhn, M. (2010). Non-structural carbohydrate pools in vegetative organs of two
tropical palms: the coconut and the oil palms.

Mialet-Serra, 1., Clément-Vidal, A., Roupsard, O., Jourdan, C., & Dingkuhn, M. (2008).
Whole-plant adjustments in coconut (Cocos nucifera) in response to sink—source
imbalance. Tree Physiology, 28(8), 1199-1209.

Zhen J., Tripler E., Pevzner S. and Lazarovitch N. (2019). Impact of fruiting on gas
exchange, water fluxes and frond development in irrigated date palms. Scientia
.24 Horticulturae. 24, 234—

nin'o .9
NNA NNLVNY ANKNA N ATIAYN N1DIN ' 7Y 1YXIAY D'10"N X

.DM'YX DYV TTAN NIRTOIE 7120 NXK7VN N'WRIN IPNNRN D1un

JIARIVD NIV 17U D201 YD YYD DINNSNN 7V 7120 DA nyswin N1'NA (1 :Dawn ninun

71> 9"y ,"190 NID'RA N K77 , DKWY 710! yyn INIK 71210 NDWwn'? T Nin'o (2
.D'RNN 217119 TYIn 9"y (0'0n 210 IX |7'y) D'7Ya DY'YWOINN DNDIoN

['2 DXNNN 7721 .02NXT WTIN2 0DNI2I0 NIRFTA 127Y) N'WRIN IZNNN D10 71 NN N7 27v)

NITN .010101 NIT ,0'™7Y ,NAIA "TTNA N"9IX D'XYN .YTAQ ITIDN 27 D752 'wOINN 1DIoN TIDN

MON NI'WI NNXIY NPTA) .19 NOO0INYT 72IN1 1NNY NN 0107 M190 217 T X (121D 179917 yu'Y

.YV'7 N01DdNN N7TANI N2 712 727 120%x0 720 Nzt 73 111 [221MnD TFTA WA L 0Imnd

12 0M'YY D'YY NN1) CNITA ON'NN AR N9IPNA YIAY NIXXINAI D10 M7y VD A

JIN'YNN N7202 [221MN1) NN 071900 72 1211 .0IWN 071900 97 'RIpPRA 1771N1 5-6

NY¥PI91 N9 X77,712' NO90IMY7 7'2an DA NIRRT VTAQ |790 TIDNY NIT'YN 020 NIRXIN

U121 N7y 0'0NnN 12I0N TIDM |2 DXNNA D' .'MID'RN M50

AN 270 IR NITA NBIPNA 7NN NNV YIA TXD VN .2

MON NYXPID NYAD K77 NIT NOOIN 'T' 7V 712 NDOINYT Y ANT7 [N 770 [9IXA YN NNVNN

TID |'2 OXNN 07 .ONQN NMIYN 7Y Y'oY' DT TXD NYT? NNWOR DT 272 'R 72X ,'MID'RN

NXNIY [7'Ryn 71D .YTAA |7'nyn NN NN NYT7 TWOKRN X7 N7 72X Y12l 07y 0'onn 1dIon

2712' N90IN N727 Nn72an nifn X7 1NN1IY 0'xya

NN'wNn 72-17TN NANE NIRYNN 1720 NN Y¥ana an Uy ,nopma nyxa? oxnaa LT

J22IMND ITTAN 19717 ,INATY ,1V'DIN ,1INI0 D'¥YN .X MW7 |12INND 1YX¥IA TN NANI

y1n7 N1 27w N1 X7 -DYnAl 3gnnn DIyt i npwan [antl DryTn nngona [an .o

YIN'Y 7¢ NNWOKRT TWUKA IX ,0M'YX DXV 7V 712 Nonyn NI'RTI7 TWUNRA NI'vAwn T Nipon?

121NN IPNNA 'wNnn? W yun 'Wixa 7XR'¥I0197 T 0'7va 13100 T1>Na



154

NI NTIAYA 170N 17NY DNINRIEDTRI'Y 0UAI7100 D' IR [NN9Y7 NNNY Ni'Yan [dn .
YVN 2¥N NDWNY7 7Tann DX wnw? 720'w T 07 X7 'Y -qena? Jniontna nira? anme
I'UNNY7 W' .Nntpn NN ¢ N2l NiMioa nyias? wwn K77 ,179 2N IR'I019 nownl
VN NN 7V 'K MY 7w nyswnn DX NIKNT nan 7y [121Nnd 27nna

D'7Tan 192 y7nnn Ty NnNpy naxn 08-03-2023 :aoippnn 70na 9"ma 1wyaw niri''ye .1
ali¢tal

.0MI0T 1DWI X7 -A7NNAN 1Y21Y N2V NNRINYA IX NNZIAN DRI DI .N
2I7IPR-NARD 2IRNY? N'YYN aninn IX ITR DIX7ENA N7 72y apnnn nyswa irx .0
NIYN 7U D201 YYN NIMISY NyaIS X7 712' N9OINY AN I7NNN N1jPoni NNl -1ITNA
DMWY 0'YY 7¢ TTTAN NIFNEN7 DNNN V7NN KD L,NARIVD

|12 NNY [ UNNd TNYA IX 'NDNA IZhna 9NV [1DINn 0'o0n 0'5"n 1'7'x oy .
.N71Y9 QIN'Y 101NN X7

J221IMND NN J'wnin? 0'X'Y7NN 1INIX -ANNA 'Y IR RNn JYnaY? nix'ma X

S0 1N =7NNAnN 1Yy1lv 0'01u5 1!



/N

VATAU

N7 DT N7

KKL-JNF %‘%q o
R&D

V\@HU’OS
e

1920 NIN'9I J"IIN‘]an Ten

2023 -9"pp2 '"mw N"I7/n'niNT MW O"INn nvw .1

, 0NN 2217 27 QW 7V N'OXNIL L2117 -1 XY 21T 7w 170701 Ninaxk NN dNRINND DY
JI¥'? N*NX 72T 'KIN2

82466 :'n"19 T7INn 190N

[INAN N7TX 70" :N'WUXY NpIn

JmMNT N 9"In L, omi AT, ,D'7RY TINN_:D'ONIY D"7IN

J'MNT N1 9" ,0'on 211112 [IINK
JMNT N 9" L9rop NKR? M9 719'0 L1117 Ny
N"NY ,0"9N0VAI0 YT L'T'UN 'Y

NOYNI_N11DINN 0IVLO

2023-2025:n"15nn 0I'ol 27nNn TVIN

axpn .2
YX'NA I9'WY 'OXNI NITUR 72N vt 7w N'R77NN N01dNN NNIENA 117 nWNTR v v
NIDN'N NN [INQ7 V7NN ,NDIYNT7 079NN D' 7W DTNV DNO'D DY ,'X77N WIN'Y? D'n
NN™MYNN NN NNNNRD DY NNMY R¥ND YYD 92y .02 107 21 m Uy 72ma
vy 140 1yl NN .N2wal NTY QUIY 2210 [1I9¥] NIY'0] NIXYT NI YIRD DNTA AT 7217a
D'yl (D'¥Y NYI7Y 197010) D10 0PN TINK N'ITN N2 TV TY .9"Imn nowa 'Y
NIY'V1) DA O'¥Y 6-2 MR 7120 ,N"A171190 INK ApPYNN )'wnn 7'a7n1 .n9' 0'NNSNN
0'02 NIINYI L0 NI MY 7V ,INITRA 71T A0 NIDN DX 21ITA7 X0 jpnnn non (2019
Ny 9"In 72¥ niINANAA DIND DX NNXRIN AY¥AA 707 2'wnni 21 2171009 Nray
021720 70 N7TAN INMINT N2Y 9" I TY' NI DNXIN AYXAN .77 NiNANN DINnN :nminT

.DM'DY 0 D'YNITY D'YLN? N1Ya

NWAN XTI VY .3

;72NN NI7'np n1an 1y (50% 7yn) ™an %D Ay NN NNT N2 NIRENN
D'717'aN 70 1127 T'ann 1¥a nxyn L(90% 7yn) 71n'an ann T 217 72y nnz'va nooannl
7IIY MY MNTEZN N1'NAN [N 0'77RN 'KIN DY TTINNNY DNY7ID' N1'N2AN [0 ,ITRY? DMIRNNN
(2020 .1 1) N2waI NTY QUIY 222N (19X FXY7 'YV NIYI01 NIXYYT [N NRNNRD DY .90
[T 7¢ NI00ANN MIY' NIIINNKRN DIWA X 'OI'YMIRA' [T XIN YN DD TV 771w i T
'vi7n 2maa 00 NNt (2017 n ) qavn 7w nuTinn ANy 'y XN a7 amn'

NIXXINN '9 7V .0'NKXK D'77an7 0N M50 NND2AN 7W NNWONN 7V 002NN N'MINTA N2

155



156

1770 nNTaN? o'’kNN? 200 U0 71ma (2019 mawa 9"ina 1w 217 21N 'xy 6) nimTimn
7I¥NN NIND NVYWA D'WLI1 N2V 0'7Tann NN .NAI0 0'A NID'R TR 791001 NTNa
L'71MN2 TV 2217 200" 0T 7w 21Tan 2'wnn .0vIRYI0I9 D' TN NINM DY DITTINNN
ANPRTI ATAN NIWNAT? AWK ITRD '277an IR N2 200 g apnn D7
.N'OX NN DNTA NIPnw Sapindaceae n nnownn ,'|217' 0 RN |N2'W qon 71T
NO7IN D71V I'7R DWNTAE DIFNR'OX NTAN NIFIDNNA TINA MIXR7I919 2170 N9Y NNnY?
ooann X7 xin (Kadman, A. et al. 1976; Jiang y. et al., 2002; Zhu et al., 2019) n'771ai
'9 7¥) non 7T1Ia 7 T02 TA72 NIP7N MY DY ,NITNWYN 190N 771 7RW DRI TV
Dnv ‘Biew-Kiew’ -1 ‘Haew’ b'™nam 0t 2w NN 'Ndnn pnn? (NIXK7gnn Twn 21ma
N7x 097 .(2012 yrwi ) o 'v72a va pimnl (nnxnna 002 15 TV 12) 7ma o Yva
, 7272 N'OXND 'NdNN NN AN 2170 21 .(0.9ds/m) naiv ni>'’a 0'na n'pwina nay

0T 2IT20 o 7R'Y¥I0I9N DX [INQ7 NN 7V ,0'TTIA D'V 7Y

:pnna ninvn .4
N'MNTN N2 D72ITAN 112N DYYD DY NN0N
:NIYUN NNLN
N2IY2 NOoN 7T 'KINA ,2217-2000 VY70 T 7w MR 712 nwan Tvin  nimexn nana (1
.(ds/m 1.6 -1 ds/m 0.9) om nrrp'® 2 7y ,NmNT
N1Ya mnon 71ma 'kana Haew -1 Biew-Kiew 2170 1 2w imi'xi 7220 ,nim'xn na'na (2
.(ds/m 0.9) na1v NP'XA D' D'PYIND ,NMNT

NTIAVN NIV'YIgNnN Y7an .5

N'DINT DXNN2 NINDINN WX DD TV ApNNN NN V1ISNY '9) ,'N MY Nin'wn N?710

;1707 vVISNd
nN'YNN YIXA Tyimi [9IX nn'wn
N 2y yip NI Vg NISTOY DAL TIAY NNAY Vipn 'yi%%  np'nn nnpgn

D'7NUNI N'PWUN NN 10191 .Y'017 D'RNN VWY XTI NIND VY |27

YV 727 .nyv'0an nini'%? voionip nooma 20.03.23-2 1yon
737 019 (‘71N NISI0I NINMN N1ANY) '"W'R NN QYN DPIn
nZ7Nn 7Y mu? maonw agnn 9% nin nawn opin

.D"Y'RN DNAWNN NNoN TNX? NINNN

150 1IMn TNX OI'YMINN YVI A217-2210 'YV W 71 197NN DD TV | NIOOANAI NV NN

a1ty
D'’ O'RN DYV 79 (A Uy?) ng7na 1yoaw nixwn armn e Yrny

21.11.23 2 7101 NIMX7 NYRITIRD 910 N2 .017AMI



https://he.wikipedia.org/wiki/%D7%9E%D7%A9%D7%AA%D7%9C%D7%94

157

TV 712" NN'WIE NN ,NNMI9 117270 TVIN ONK 2Apyn )W)
yim?7 nin 7y o'xyn 2V NINWA '7UN W1 RN 9102 .9'op
01.10.23 2. DNI9'X NI?'WO IX NIIPA NRXIND 9] NY'A9
[12107 NNVNA D'7TANN MR NYNWNA IXAXD .NPYNN NR0DIN
IYUN'7 NIDIN ARAXDAN .NIARIVA NIV NNMI9N NIX 0'XYNY7I
[non .25 Bar 7w n7ya 0 R'Y1019 N7ap TV ,NIVIAY 190N
,(4 .on niunn) om' 6 INX7 72D 07V NIYATNA 'RWY

AITRY? D'RNN 'R DT DIY'Y 0U7NINT DPYAN DITNIN

nAI7190 ANX Apyn
DAl Uy xya
(2019 niy'va)

'9n0v2a 7122 6:00-2 quza N9 .22.06.23 2 190771 D'YYN NYY
01210 19N 770 .nTayNn7 1avInI NIV N2AN DY D'TART7 X' 24
17701 ("MURY 10N 719'0) ¥"'n 10 'onova nyw 'vn7 NP M Ny
n0'n 719'0) 7TNN '9n0a PONI9O0 1% NO'MNYT NPT '¥N7 NAVIN
,A¥NIN ,n"nd ,0ITX 10D ,0%77wn T m72ix o 17 (1w
TN "9 XY .|'I¥N DNYLI INYVY NN'D vyn ,n7wan on'l pH
TX9 719'0 X77 (1,2) ni'pw v . n7'n 60 LDPE nirpwa
NN TR oy 719'0 nR? (3-12) nirpw 10-1 (701190)
INXIN 5/7/23-2 2 omr 14 AnX7 .X"n 4-2 pn? Navin
N'R N 2w PWwa (Mo 10 nnx 7021) nirpw 8 Wnm
. X"n 14-a jpixn % npn Navin Nirgw 2 .95 nintixnn
NN'9N NN AW NPT 12/7/23-2 ANpa nIRYIN DNR N'RY

JDI'pwn nui7un

nmd) 'man npm
Yya  quin (NN
.(2019) nmanan "xn




D' NIXXIN .6

NINS VWA 211771 ''¥'"717 ag?’nn NN

Awox 1 .on munna .(1 .01 n220) 5X3 7w o'nimna 0 nivroant 20.03.23 2 nnpin 7NN
mi* y¥inna Yy'7 107 50 1pwin 0'xyn nnnn NMIvn X'y .NIY0IN INKRIEI97 Np7nn IR NIRYY

(1 .0on 911) D17 yv7 207 17 7 11 ngn naval
D'ax''N N7200 2120 0Mvonn (2023 niy'vl) nryxn Pya 'Yy NN Non 1 .on n7av
.1.6EC o' ni>'x -71n22 niviaxn nixawn .(hon 5) nniwn 1al (hun 3) 0'xyn |2 7nNnn DX
DM NI'R 7Y 217 'vy -pn2 niaxn nixavn .0.9EC om nid'R -TNI NIYIAXD NIXawn

.NNON YYD OI'XMINRN |T -OITRA D'AINDON O'XY .N'OXNI NT TN 'YV -D'YATIN 0O'XY .0.9EC

119X

[¢)

3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Hong long Hong long or'xnixn Honglong Hong long oi'xMixn Hong long Honglong or'vixn Honglong Hong long orxmixn Hong long Hong long Hong long
0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9
Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long
0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9
oI'vIxn Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long o1'xixn
0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9
Hong long Biew-Kiew Hong long Hong long Hong long Hong long Hong long Biew-Kiew Hong long Hong long Hong long Hong long Hong long Biew-Kiew Hong long
0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9
Hong long oI'vIxn Hong long Honglong or'vixn Honglong or¥ixn Hong long Hong long or'xnixn Hong long Hong long
0o e 0.9 09 0.9 0.9 Dol kil 0.9 09 09 0.9 G|
Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long
0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
orx1ixn Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long Hong long
1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6
Hong long Hong long Hong long Hong long Biew-Kiew Hong long Hong long Hong long Hong long Hong long Biew-Kiew Hong long Hong long Hong long o1'x'1ixn
1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6
Hong long Hong long Hong long Hong long Haew 0.9 Hong long Hong long Hong long Hong long Hong long Haew 0.9 Hong long Hong long Hong long Hong long
1.6 1.6 1.6 0.9 . 0.9 1.6 1.6 1.6 0.9 ) 0.9 1.6 1.6 1.6
Hong long Hong long o1'vixn Hong long Hong long oi'xikn Hong long Hong long oi'¥ixn Honglong Honglong oi'vixn Hong long Hong long Hong long
1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6 0.9 0.9 0.9 1.6 1.6 1.6

55 555 55 55 55

I

.20.0.2 n:nuwny'o:n I1m('-| 194 (N i n.‘:‘: :1.on Jnn

158



159

—o—1.6 EC =0-0.9 EC

~
o O O
1 1 ]

N WD o o
o O O
L1

mi' y¥inna yy'7 20"
o
1

o

e " AIX  'uU90

UTIn
N'PYNN 1M1 won .2023 ,('mi' yximna yy'? 2017) [aa1'21 'x"'? 'xy ntpwn ima i1 .on i

2024 mw7 jan

1221701 Y70 "'V NI00ANNI NV'™E NI'ha

Y "OX 'Nn 7IN "an

AR 1211 DY7'NY AWI7Y 197010 NY'0IN TRN 'Y MY 7w ninnonn NIkA7 [N 2 2 namna
N71 NNIT [91IKA INNONN 2217 2ANNT OI'YMINNAN XYW 2 .01 9132 NIXYYT N1 107771 071> 2023
I'? 1'20 'YV NINI N2 N'ON' NNYN 170 'YV 7¢ NN NNXIY 120 .07 YN TR N2 DAY
I'2N 'YV .NINYIQ D'9RIN DNIX V'RYUN7 7211w NIn 7Y M210RIX WTIN DITATI AXY7 DDMX 110

(3 .on nmamni1 2 .on 9M) 'nn 'xyn 1.5 9 1nnx 1'p

= - R AT - 3 &l

21.11.232 p'wTIN 8> AnKY (226.03.232 ny't;iH 1n&'-1‘(.x'.'\-_u§"'§"7 7N :2 .0n NINN

.07V IN'¥N 72X 1n2a X7 0'YYN .1A'0Lal DM TTIVY7 Nan 7Y DY 0'YYN Noin NINNSNN ‘7D



160 -
140 A

(n"0) nam
B P
N O OON
O O O O oo
1 1 1 1 1

a1'7 2210 oI'YMINN ) (L7 M L
IT
NIK7 [NIY '90 TN D'¥yn Nl (2023 niy'oa) [aazan Yx™n 'Yy 9 naia 2 .on qa

o

21.11.23 7 aRN2 N> NN .0'"7VN 912 NaIa o 7y 22 namna

134 nann7 yan '71n mlnn 'nwn Jp-m (2 ma (X :202nlum |a217 'xy :3 .0on NINN

.NIM'¥N NNXIya 71ann DX NIKA? [nan"o

(2019 niy'va) DA ¥ 'YV 22171390 INX AFYn

JminTh n2wa (2019 niyroa)aa? aa Pyfra vy e (2023) n'mav nimitnn (2 .on n7av

5 1] '"IoN il ININID

nvan "I NTFI non g nINan ninnamni ainy

YOIRN MITX OXY2 n‘upnnn NIMITNNY NAIT AN'N DNAIAN YX¥90 'YV 79 NN DiMImnnn

;77982 N0IN ,YIN2 NNTMI9N ,IRNA9] NN 2172%70 .7 n'on' noTzin 7wa M9 nhap oy



161

'¥'7 '8y NW'YN NN'O 190571 22/6/23 -1 .(2 .0on n720) 1r 910 NIRRT 901 'RN2 1190 N7
.0M' YyIawa TR 1701 PN 9N NN NIRYIN N0 7V .9"INa DI7PRN N7'7N2 2117 21N [T
N'N 712'0 N2 .02 0NN NITOY I9X MIIYA N7'NNA 901 I 102 N7'NNN Y'Y My

.N"ITN Y 1T q'yoa 1T M) TINAN 7127 niaron 7y .y 177 0.7-0 ,TIkn i)
NOWYN1 0'MI9¥ DNITRAY NRNYN .0NAIAN YYD 'YV 7 INRNXD DY N2I0RIR UTIN 170N
NAINN) NIYA'NN 11'0 2y o' 6 WnX? Nxva % 01.10.23 2 9"ma n7nn ,wTInn n7unY
UTIN 17002 Y NIRPTA WX D 1D INITR? DRRNN DR IT DR'0ow 07nn (4 .on

.(3 .on n720) N1 2122 721710 Nanan

&N

7 E : f =4 ‘
N'PYUNN .NPwn NroSn niapya 2019 niyroa ryin ixya nivanna nto 4 .on Minn

.06.10 2 natnini 01.10 a2 npooIn

nnnn n"o 2-20 pmiyn ypp noona 21.11.23-2 .ypapa nip'1a nikxim 3 .on n'7av

JDINATN MY 79 pyxIimnn [N NIAXIMN NIRXIND NP TA7 nN7wa1 D'YY 2 27U Noud0Y7

K 'n'I:m P Na Cl nn“m
WwHa'm| | A" pa™ | qoMa™ [qoM\a™ | dS/m
a"p/a"n

22.1+2.6 | 7.6+4.1 | 19.3+¥4.2 | 66.3+17.3 | 335+106 | 1.2+0.3

nivoY "y IR M7 "R N (077 2" 250 2yn) N nron' XN Y 0rTIn 1N
21700 71D NIX NFNIvNYN N'N9NYT 7210W NIV X7 271 NN Yipa [Y9INN N9 ITRD .ANTN
DMA'7' 25 7 NNNN) M1 [NTA L IWT WA IR P71 (0177 2" 15 7un) nida pwuRn winpa
(1N 6-7) [Pt nxmnni (iRt 8-10) AN Dy (WT NNY |0 NIXnnn  NIRYINN X7 (1777
N'YNND 0¥ DMWY 0'YY) DNAIRN 0'%Y7 [0 NIXMAN . A7UX X797 D'0IN7RNP'M N90Ina

JDTIY U Nrnan L(7"Y7 nivdonn niTr'nan



162

L o S T R T T T T T T S ¥ TN =, SR
| :__;-‘_,‘!' R v#,: Ly -:I\-._ . J'W E .

.(2019) n*aan ¥ 'Yya quaaa (D' NIND) 212 DR

N9™77N NNl PN .NIPWY? 101010 X471 (13%) naix'n nnnn oy 1'n nn'e 16 ,nin'e 140 Jimn
X7 nyoIn 7% 10% nimwn nw1o 'Rn wTIN 9102Y NNNY (5 .0n NMIiNN) wny Nidnn nyal
I'N 172PNNY D'MNdN X ,0MIN N7 DMK NIIX'N DNNN NN YR [I9¥] 721N DX

.9{?'N2 D'AINI DTN D'MTATX

T 22y 9" 2023 qro ,a117-210 MY'72 N'ITIVO X7 NIIX'N AN (5 .0on NN

q'07N DI YXINNAN N9 77Wn .9Tan 'NINIDNRD NIRTA NIKYIN DX DIKAYY [N 4 .on n7a0a

D'"IX'N NNNN N0 K77 (M0 53.5%) nTN (X 3 nav)yxinna 0na 3044 nrn (22.06.23)
71100 TINK (5 NIMN2 0axImMN NN'ON 7Y 1Y'9INY DM'VITIVO K7 D'IN'07 LID) DM IR
Ny N7 N1 (2 4 n720) ¥'n 4 2 orr 14 Anx7? .0.09% nxninnl 16.9% n'n (n"nd)
(¥"n 12) jaixn qm 2y om' 7 Ty X7 1.3% naix'nn nnnnni (65.9%) no'77n nimimTxa
(0.04%) nxninn inka N1 (1.5%) naix'nn nnnina ,(70.5%) nimmTxa 'y TIv 0N
NN'S NPT 0YO 722w PN RN 725 yan (2 4 o) 12.07.23 2 axmn Mon 77 .02

.N7'NN2'M 02T ARNIN 7DD 1N AT TYINA 1 TAIW NN DNINK

M9 NIA'YN NIRINNA 75 .2023 nMinT N2y ,a1%7 ain Y'Y, 'ni 9 NN (4 .on a7ao
IX 2 1112 ,1 77,0 X7%) 0770 97 naT N9YpEN Nnnn DT .PVII90 1% 2 10N 7190 NaYY
N'R .NP'M 60 LDPE nirpwa mNa 1770 pn NKY71(R) 9'070 DR 77121 1opn 90 (3 nwup

.(2) ¥"n 12-2 jpixn 9T 7y 0'901 0o'M' 7 ANXY1 () X" 4-2 o 14 AnX7 21W NPT DNON

| 22.06.23 B 22.06.23  [22.06.23 q'up Win

22.06.23 AR WIN

. [30£4 ("™2) "o 1jrun

70.5+22 53.5+23 % DITN '10")

1.5+0.8 0 (0-3) nu¥'n nnNn

0 n'n"1d nnnn

16.4+0.7 16.9+2 n"nd

0.0410.01

: 0.09+0.02 nxnin %
= 468

-~ [181 n7wan ont




'onva Nrun DY LN19%) NINWA X7 j7ann 1INk (5 .on n720) DN 1D NP D'TAN DY
-7 11.3% n) [xnnn TINKA DT NIRATZ [N ,1190 NN D21 (aIXn 97 1aynn Niapyl)
72U NINNONN IX No'oN NNOX1 X7 .(17.5% -7 12.7% n) 2xnn 1T mNon 1inka n*wi (7.1%

NP'TAN NOIPN 72 1IXRT 1YW Mol 'RI7 'Myov 1N K7 1971 NIMos
nnon .Ngm 60 LDPE nirpwa (22.06.23) X1 M9n .nIfpwa 0'tan 1070 5 .on n'av
NI'pY 2-1 NI'pwa 0'1an 2010 212 (5/7/23) anpa o 14 Anx? .x"'n 4-2 7 navin

2y 01" 12 1Inww Nnirfpwa o'an 200 121 12.07.23-2 . x¥"n 14-2 aixn 97 2npn navin

Ja¥n 9T
(%) n'ppwa n'Ta n7DN
02 CO2 N2 [ION'XA Ywnl 'onv| ap'Tan TvIn
11.3+1.7|12.7+1.9| 76+0.6 DI 14 x"n 4 05.07.23
71432 [17.5¢45|75.441.3) YOI 14¥'n4 12.07.23
o'n'7 ¥x"'nl2

:NMATNI D'7'TN

NP7 (2023 niy'ol) 0'7'nwn IR (M9 IX 0'7Y) 2019 niy'oIn 0'¥yn 2 2y DR'TR 19X K7
.0"7Nwn 2'20 N"avy w7 X nn (2023 niy'ol) nnrven

T 7
221701 X770 "7'nw N100aNNI NV R

7Y D11 NNN DR2AM NI 1D'YN' 0N NMIYN DNIYA 02 .AN7X¥NA 107771 221701 Yy Yy
12'ROY 11D NAIA 19'0IN X7 X710 "MW .07 Tann TR NIX7NNY DXkNNA L,0'YIR NN awn T
.07 27w NN7¥IN D077 DYPTIR IN2'NAN ITE7TA 02V 190N 72X, )10 Y e

N'Nivn NiNiTnnNn

7y Tyn (22.06.23) n'iNnTn N2 90N TVIN AP WTIN 9102 n'7'NNn 7xw Uy nay
7¥ NINYN2 UIM'wl PN 0122 190 1NN WK MV N7'NN DY D'RIIYY7 NIRYY NNWORND
N2 NIYY7 1'wnl M990 7 N1an7 NN NYANY 1PN X ,N7WaNa a7 DN M50 7Y N1anY
X (D970 NN NIFMMIMTRN NNY) 190 NIXY N0 7V NN 90N Tvin 72y nu7Nnn .win'v
nN'No) qroEn NR DFTENY 11704 PNt (181) npan n7wann on'l Man Nx¥NINN TINK IRY?
(2017 maini

INI'NI 7120

7¥ N2 7120 7ap% 019X 217 2210 'Yy Y017 N'YNn MY NIKZPNN TWN 2'WNn 'O 7y
v1217 710' 7man 70 .yximna yy? 177 0.7-> nsop nnixw Tiva (yv? 17 8-1) ot v 0.4
X'DN NMYNL (DMWY DY DXIDY NYOIN X' 712 NN'N9) DYYN 7'A X' NNRD N0 'Mun
NN nNM190 Nyl .2023-1 09011 071N T 2V DNNTY 7122 AN'ND 7w 'YX 770 nyain

o'"p'vn D'MIIAN NX |7YJI.U'7 ant |':m'7 nm 7y ,nvaNnl NN NNAXIY NX Apyn 1M

163



ANPARN 19W7 NNUN2 DT NID AR7NA DRIAN D D .72 Nal 7y y'own? 0w
Maimni nn'no ;2013 ) (012 30-35) niaa N yxmnn M9n 7pwn ,M9n ND'R N1'N1a
D'D'UPA NT TVNID NN AUPYT7 J'wNN7 W' D7 ,Man 7250 7120 yad KNt pnt xR (2017
nxnin 71INXI1 (16%-3) au™m 1310 TINK QY 'NID'R N9 N7 7V NIT'YN NID'RD NIR'TA .0'RAN
(2017 maint n'no) ,(o1'¥MIXN -'01MITN |T7 NRIYNA) 2217 2210 '} n91¥nd (0.09%) qima
X7 .719'0 X77 "N (Nirpw M) (o 7701 PN NYan? 1% o101 7910 VN 19N NN
X7 NIRXIN) N'PWA D'TAN 2010 IXK TN "N L,M90 NID'R N1'NAN 0'719'00 2 7720 70 K¥n)
nin7xm rn (jNpm 60 LDPE nirpw) Nosn My NN2IY AIRD DFPY (DT NI NIAXIN
NO'ON NNONN K7W NIN 72V I'T NIAA NN [¥ANN TINK .NIYA'NN DYIN1 190 77wun 7y nnmea
NN 7Y NI nYI7Y7 1N'RA M90 NIM'Y N9IPN (YN W NDIRN [N TNy UXRI7 Mol
INXY NYNINN NIIX'NN NNNNN TINKA DY7Y0 207 .09N'K7 119 7w n7ainn qwn NX NinT?
NPT P7 (T2 W ANK?) N DTRIN 27w NN9XI X' K R AIXN TR Javnn
NI T2 NNS DNIXK 7V TNV 1IPTA NRIXND ANNNNENMIMTRN 72V TN "NENpeD NYown

NP TAN NIRXIN DX 77 7D 0IW NNS 7V X971 Nimonn X7

:n'oaI'a .8
A42-44 ny : 67 1'77a .yonn |17y orryikn' n onx Y'Y a1 2maa nnnnet 2013 .a i
20-22 :66 [1"7'a .yunn 17y 7w 21mao on i ' a7 L2012 o yrwil n i
20-21 :74 "a .yonn 17y .2020 ,axn namn 'x'70 Qv .nn
30-31 :71 p'7a .yonn 17y .2017 2xn namn *'¥'70 Qv .n '

M9n NINNoONN .2017 . xR, NV ,.R 1027 ,.0 TYO-TOIN L.0 |Nj72'17 ,.V Nn'ND
.32-36 :71 [I"a .yonn 17 Coryixn'l a7 an' Yxn At n9rn nnnnl
2% nnonn iow L2017 .0 m o, L iR, ''o0 N L, TR L. 190 L, oY
A48-52 :71 yonn |17y 'orx1ixn' [T NIMID 7Y DIY D'M9N NYSWn
Jiang, Y., Zhang, Z., Joyce, D. C., & Ketsa, S. (2002). Postharvest biology and
handling of longan fruit (Dimocarpus longan Lour.). Postharvest Biology and
technology, 26(3), 241-252.
Kadman, A., Gazit, S. and Ziv, G. (1976). Selection of Mango rootstocks for adverse
water and soil conditions in arid areas. Acta Hortic. 57, 81-88 DOI:
10.17660/ActaHortic.1976.57.10
Zhu, X. R., Wang, H., Sun, J., Yang, B., Duan, X. W., & Jiang, Y. M. (2019). Pericarp
and seed of litchi and longan fruits: constituent, extraction, bioactive activity, and
potential utilization. Journal of Zhejiang University-SCIENCE B, 20(6), 503-512.

164



nin'o .9

APNNA NNLVNY ANKNA N ATIAYA N'DIN 'S 7V 1YXIAY 01019 .X

N2V NoN 71T 'KINQ L,217-210 YYD T WML 7120 N7wan Tvim L, Nim'n AN -
.NN7¥N2 10771 07 NwN MmN NN -.(ds/m 1.6 -1 ds/m 0.9) om nirp'R 2 7y ,nminTn
N2 non 71ma 'kana Haew -1 Biew-Kiew 2170 a1 2w mp'R1 21200 ,nim'xn na'nA -
NN 10771 0'7'nwn ,Mnpin NN -(ds/m 0.9) naIv nId'Ra 0'NA D'PYIMN ,NMNTN
DNIYA 7120 DX [IN2Y7 'wnin? 7211 0.9 ds/m 2y 0*71an (2019 niyroa) omrpn 'y7n xya *
TN NN L7120 1720 910 W1 -NY'017 N'Y'Yn TV N'YYan

DI7PR NP0 ANPIN CAFTD ON''NN AN N9IPNA AYINY NIXXINNI D10 7'y VIN'S A
1TAN NZn? D'WNT DNNINND 1WA NR7N? 19701 "Wk NN Nawn DA DRINL[221NND
.9'0) TNK7 QTN "N IPTAN 0NN DYDY 9POpI fAI71I19 Apyn W1 DTN

JIAn 77N IX NITA NOIPNA PNNA NNVN AYIA TXD V'S .2

ANX P apYn NY7 0D N PN 9IKA RYIN IPNNYT DTIYnE MIYRIN DNonn
D'YY] WIN'Y Y1 27 NN 910 TV 712 X1 K71 1'0LVAIE N21'NAN DY NYN NINNSNN
NX TIN%7 17 nwox nni (0.9 ds/m) n*7onm om 7y o'71an (2019 niy'va ,0'xy 6) 0NN
Uny' NQ0X'Y YT .9'0R TNX7 12 719'001 INDR L7200 ,9'00 TYm  NMIvN DIMIrnnn
.N227 010N N'WX¥N NP'7NN TWKRD NIX

NIN'YNN 72-77TA AN NINYNA 1710 JINN Y¥ana an 'Y ,A9'7nn ayy¥a? oxnna T
1217119 27yN W1 ,NN7¥N 107771 DY7'NYN ,NNPIN NR7NN X NIYYT [12INND 1YXI2 )TN AN
2712'0 77221 DAIN DY INX

70 DT 279 -DWNAL Znna DYt 1A% nRhwan [anl DYTaa nppgona [an .o
D'P'T 19¥1 X7 .0'MIpnn YAl 0PN N9 0'NNSNN DA O'YYAIl DY YUNY
712'n OX .MiIpn X7 Mipn 1Y7 DMa0M 9Tn "N0Y MR TIRA DD 71200 .0"7RNYI019
NX TWONN 079NN 0'n NPOOKN ,(NIX77NN TIwnN 2'WNN 'S 7y) NiIda NN NIARIvN DA
DITRA QYN NINNSNN

NTIAYA 170N 17NY DMINKRIE DURI'Y DUAI71200 DT IR JNNDY NNNY niryaa [an .l
N90IN7 72w 1 TIkn 72¢ (1 1'd 17vw niva -quna? Qniontnn nira% anmxani
7V (2 .npaxn2 N19'W N'LANY NN 7Y DR7NA DD DI NVINE AN NNXIY 7 NIRRT
AITAN NYOINN NARIVA NIYAI DTN .N9Y770 7V 711 7w 0MdIn X7 D'IN'0 INN1 NN'ONN 77N
['2 YW W PNT NN90N '9 7V .M190 77N [Nl A NN 7w NiTa )Ny nnxy v
m NRY%IMa 2% 7Tan ' 1NN X7 mwn (3 .n9"77a n'oxXan nyasnl n7X 0Mnin
.2 ds/m -7 0.5 ds/m |2 nya n'pwnn M N2 LU0 vy 7w dtyen RN npwnn
DXNNA D IND .0'AN N7 DR NONYT 21w NI 7Y 'wIgn Jign N 'an%? 0'on 11NIX

077NN TR NX7NAN 'O 7Y [WTh NInda N'No1 2023 1anana DY yipn NiprTaY

165



166

1191 NN v nnnpy naxn 08-03-2023 :nsipnn 17ana 9"ma wyaw niiryo 1
19X 9"INN 1072 1T DY WASN VI D7 TANN )TN 7Y DNIRRA Y 1D TR 071N
.9'01 INXYT7 M9 NIEZFTA NIRXINA [IT? Nan 7y

.0MI0N 1DWI X7 -A7NNAN 1Y21Y NMAYA NNRINYA IX NNZIAN DRI DI .N
I7IR-NARN 2NN N'YYN AaniNN IX TR DIXPNN N'72'7D 7Y 97nnn nyswa iy .0
N'XPITIR 7D 'R D 1IN ITRA NIXRZZNN N'22'70 7Y nyown Wznn? 'R DT 1IWKRY 2701 -ITNA
NIIPR-NARD 2RN7 NninnY

|12 NNY [ UNND TNYA IX 'NDNA I7hna 9NV [1DInn 0'90n 0'9"in 1'7*x oy .
1TI NVWY 'O '91N9) (19X "IN DPIN DY NI'IXY'NN VYNT AT 27w 221NN D71V QIN'Y 'R
(100

N90INA [12INND NN J'UNN7 D'X'7MIN 11NIX -17NN2 'N'Y IX 37NN Ywna? nix'ma X'
.0MTIPN 0'9'Y01 7'V 'IXY '9) NIp'Ta

SO 1R =7NNAnN 1Yy1lv 0'01U5 .1a!



167

2023 -7"7p% '"mw n"17/"'"iNT D21 9" :9"Inn ow A

N7910N ApaNa 719'0 :NONN DY

82452 :mn9 TpIn

2'xpn

21710N191 WIN'Y D'YIY YINQ D'901 NINIPNAI 1'NTA N2V DN 'von 19002 09w 30-n n7yn? 11D
“biofly” m1an .nTiay nvwi DTX NIDA NDOIN 717" TN "70N DX N7YmM T no'w L"N7o10n npax” 2 717 Tn
N2y 9"IMi 12T NI AT M"Y 12Ya NNISY 71IRIVND D 7V N7910N NPAX NNY 0719'0N DR DD TV NYx2
7¢ Ny nomIN? TNl ANwo NX np'oon “‘biofly” mhan .nirmioa tnwa ipivneon nmnT
NIYONN NII'N/NT910N NANYNA NPARN APNAN NIA'WN .0719'0N IR VYN YXIN |INI3 [2 NV'0NAIX
2¢ nni?'von 2023 niva NNRY) Natpn N7910NN NPaRN NN D 1nd 710 71712 nTay ma pon
NIX UTNYZI [INIA 2 NU'0NAIX 710 NIT'YON NX 1'TON7 2IwN D71 TA72 NNk MwY 7'oon ("biofly" nhan
NTAY [IN1A ]2 NV'0N2AIX M"Y NPOIONN NPARNY KT NIN 72V W7NN YXIA' 7'2pna .07 T1an%? nparn NPoox
.0"pPN 7110197 DUI'W 01907 1IN I'RI NI DNIXAL [DIX INIKA

2023 miwa ny¥iav ni''yon

U291 ,N'NT N2V 9”1 NN [N7IY 7021 12Y21IPIN 21212 [1NRR,0'77an0 DAY o™ ,9"mn 7nin NIx
NU'ONQMIND IPNNA 'O )V .(22X) [IMIA |2 NU'0ININA NN'YIA NOTINY NZ'7NNN WX TV7A TR '9N9 Dy
DW7 NIN'YWD 190102 [1IN12 [2 NV'0NQINT NNAVINE N2V '7T7an 721 NPAX N0 .N71YD qIn'Y 72y 07nInI
MNNRI 1197 NPARN [I0OX OWY7 17N DM NP NRARN N72In7 DP9 1wWd71 D 0wl .0'719'0n vIxa
7907 N 7Yy N'NT N1 9" 7w NNYN NTAyN1 NPT NYTNN N7910NN NPARN NN 22X 719'00
N'02N 1'X X YR VTN INT .NVYA OYI'N NPARD DIV DIPARD NV NN 7Y YR VTN D7 TaNY
TN NN 7Y 1M1 |2 NV'0NAMIIR 7 NN XWN Y] 17X D' .ATY 10N PITA7 1Y NIRY NNYXD
A7NNY7 NONIYWD WNWN XN DRN IX NNY NINID YNWN |11 [2 NU'0NAIINK DX 00171 N71y9N qIN'Y NX
Y'RN .DINOPIXR Y'RNT NII'N NpaR No'wN My N79I1I0N NPaR N7ap7 711009 NIMD IMLVnY TNy
NYaN 9"IMn 7¢ 0'YOUNN NIPIN [INAR 177X '72' .XN2 N7 oN NI 2T NVIYS NLV'YWYT AWN1 DRNVFIR
[N 121 0'7Tann DY N7 qm'wa 2024 12 7nnw apnn vix'a ow'? nn n7ivnl IKA n mm7? nivp
N'D APNNN NNYWN .0NLVP7R YR NMIPAY NPANA (YNNI UTNN [N N7910n0 nparn 7¢ nniyy:
[1I2TY OW7 77NNn DX 2'NN1 XD DTN IR NIYD NPARD 7 DY aniT 2'nnh nYWTNN Npaxn N7y

SN0



168

Index

Cover page 2

Summary 3

Background 3

Implementation and Methods 4
Interim Results 5

Discussion 7

Literature 9



2. Southern Arava R&D, annual report
3. Code: not applicable

4. Efforts to enhance the economic value of bio-pest control by migratory
birds in desert agriculture

5. 82308
6. Principal Investigator:

Dr. Jessica Schackermann- Southern Arava R&D, agro-ecology and ecosystem

functions, mopres@rd.ardom.co.il

Cooperating Researchers:

Daniel Bloche - University of Haifa, danielbloche@hotmail.de

Prof. Nir Sapir - University of Haifa, nirs@sci.haifa.ac.il

Noam Weiss - International Birding and Research Center Eilat, SPNI,

noamw@spni.org.il

7. Continued

8. Start date — January 2023, End date — December 2026

169


mailto:mopres@rd.ardom.co.il
mailto:danielbloche@hotmail.de
mailto:nirs@sci.haifa.ac.il
mailto:noamw@spni.org.il

170

9. Summary

Landscapes worldwide consist of patches of different habitats impacted by land
use. These habitats include natural habitats, agricultural sites, human settlements,
and more. Birds can be found in all of these habitats, but not all of them are equally
useful for birds. The southern Arava is a major hotspot for migratory birds, that use
this region for recharging with proteins after or before crossing the Sahara desert
on their migration route. Birds are known to provide ecosystem services like
biological pest control, which can be of high value for agricultural systems and

these birds on migration are foraging for insects to fill up with protein-rich food.

In this research we are investigating the land use of birds in the southern Arava,
trying to answer the question of how much time migratory birds spend in the
different habitats and do they do a lot of their foraging in agriculture. We are using a
MOTUS station for radio telemetry to track birds that are equipped with a small
tracker while they are ringed. The results of our research will help to understand
how migratory birds use the habitats of the southern Arava, and how much time
they spend foraging in agricultural sites. These findings can be used to estimate the
biological pest control impact they have.

10. Background, problem description, and objectives

Migratory songbirds may offer substantial pest-control services to agriculture (Kross
et al., 2016), for example to farmers of vegetable and fruit crops in the southern
Arava region. However, as habitat quality for the migrants likely differs between
farming practices and crops, we expect that the pest-control service will vary
accordingly (Danhardt et al., 2010; Blount et al., 2021). The decision of where to
land and a quick selection of the stopover habitat is essential for successful
refueling and recovery (Woodrey, 2000; Chernetsov, 2012). By using MOTUS
radio-telemetry, we can understand which habitats attract insectivorous songbirds
to refuel during stopover and gain insights into quantifying the provided ecosystem
service. Radio-telemetry enables us to study movements and habitat selection of
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small songbirds which will be tagged and released at the receiver station.
Furthermore, we can quantify the activity of birds in agricultural and natural habitats

which will bring insights on measuring their potential pest-control service.

11. Implementation status of the research, methods used

In the past months, we did an intense literature review, identifying major knowledge
gaps in the current state of the art regarding migratory birds and their habitat use
during stopover. Based on these knowledge gaps, we developed research
objectives and methods to better understand songbirds’ habitat selection in relation

to agriculture and answer further questions regarding their stopover ecology.

We studied the southern Arava region thoroughly to find a suitable location for the
radio-telemetry receiver station. By analyzing topographic characteristics and land
use in maps of the area, together with our local knowledge, we selected and
compared potential sites. For each potential site, we investigated the expected
coverage by the antennas due to the topographic setting of the present landscape.
To study birds’ stopover habitat selection and use after releasing the tagged birds
at the receiver station, we will place the antennas of the receiver station towards
patches of each dominant habitat type. Therefore, we compared sites that enable
us to cover different habitat types, i.e., semi-natural habitats and agricultural areas

like date plantations.

In cooperation and exchange with other researchers with high experience in radio
tracking, we gathered a detailed list of equipment needed for a receiver station. This
equipment was ordered from the different providers and arrived in Eilat.
Unfortunately, due to the start of the war in October, the delivery of the necessary
equipment was delayed, a technician from the University of Oldenburg (Germany)
to help us install the receiver station in October was not able to arrive as his flights
were canceled. Therefore, Daniel Bloche visited researchers working with the
Motus radio-telemetry system on Oland (in Sweden). He learned technical and

practical details, preparing us with the required expertise to set up the station on
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our own during the winter. Thus, we will start the data collection fieldwork this spring
2024, tagging study species with radio-telemetry tags (Nano Tags, NTQB2, Lotek).
Additionally, he learned how to maintain the receiver station during the following

years.

12. Interim results

We selected the northern part of the IBRCE (International Birding and Research
Center) as it is the most suitable site to answer our research questions. Here, the
antenna facing towards the northern direction will cover agricultural-dominated
areas, the Elot Date plantations as well as several agricultural fields of various crop
types. Meanwhile, the antenna facing towards the southern direction covers the
restored area of the IBRCE bird sanctuary and the semi-natural surrounding area.
The proximity to the IBRCE also allows us to tag birds at the ringing site and
therefore take advantage of their standardized ringing efforts during spring and
autumn migration seasons. Each of the directional antennas has a range of
approximately five to ten km, depending on birds’ behavior and vegetation density.
The directional Yagi antennas have a narrow range and therefore only detect birds
within the 30-degree opening. This in addition to the approximate distance from the
signal strength can be used to infer the presence in certain habitat types, i.e., semi-
natural or agricultural areas (Fig. 1). All radio-tracking data (tag-specific detections
per GPS timestamp and receiving antenna of the entire MOTUS network) will be
stored on a centralized database housed at Bird Studies Canada’s national data
center. This guarantees permanent accessibility of data (https://motus.org) in the
future project account (Taylor et al., 2017). As done in other studies, i.e., by Morbey
et al. (2018), we will use the strength in variation of the signal strength to
differentiate periods of birds’ activity from the resting periods. This approach will

give insights in how to quantify the (foraging) activity of migratory songbirds.
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- 1 AR A
Fig. 1: Map with the receiver station at the IBRCE and the simplified coverage of

the four directional antennas and one omnidirectional antenna.

During the literature review, we compared potential study species that are both
predominantly insectivorous and commonly occurring at our study site. We selected
12 different study species, of insectivorous songbirds occurring at our study site in
high numbers during both spring and autumn migration. Individually coded radio
transmitters (0.26 g; Nano Tags, NTQB2, Lotek, Ontario, Canada) will be glued to
clipped feathers on the back of the birds (surgical glue, Perma-Type). The potential
adverse effects on the natural behavior are slight if the attachment does not exceed
3-5 % of the birds’ body mass (Casper, 2009; Busse & Meissner, 2015). We mostly
selected migratory songbirds as study species that are well above this threshold.
Only for lean Willow Warblers (Phylloscopus trochilus) and Eastern Bonelli's
Warblers (Phylloscopus orientalis) this tag will be too heavy, which we consequently
tag with smaller radio-transmitters (0.13 g; Nanopins, Lotek). Due to the high
abundance and diversity of migrants at the study site (Shirihai et al., 1996), we can
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select the following 12 study species of songbirds: Thush Nightingale (Luscinia
luscinia), Eurasian Blackcap (Sylvia atricapilla), Garden Warbler (Sylvia borin),
Willow Warbler, Tree Pipit (Anthus trivialis), Common Redstart (Phoenicurus
phoenicurus), Yellow Wagtail (Motacilla flava), Common Nightingale (Luscinia
megarhynchos), Eastern Orphean Warbler (Curruca crassirostris), Ruppell’'s
Warbler (Curruca ruppeli), Eastern Bonelli's Warbler, Masked Shrike (Lanius
nubicus). All these species, besides the Tree Pipit and Yellow Wagtail, are already
commonly caught at the ringing site. To overcome the problem of species that are
less frequently caught at the study site, we will increase the number of captured
birds with tape-luring (Busse & Meissner, 2015) in the vicinity of the standardized

ringing site.

13. Discussion (conclusions and implications for the continuation of the

research, including literature review)

The first project year was implemented as planned until October when the outbreak
of the war prevented us from installing the field station and doing the winter
monitoring. Hence this had to be postponed to 2024. We are now fully prepared
and trained to install the field station and managed to secure the arrival of the
needed equipment. We are currently preparing a detailed plan for the tag
deployment during the fieldwork in the spring migration season of 2024 (March to
May). In cooperation with the IBRCE we will deploy the 50 tags, that we ordered for
this season. Noteworthy, this is only the first season of data collection within a larger
research project planned for the coming 3 years covering both spring and autumn
migration. Next summer, after the fieldwork, we will begin the radio-telemetry data
analysis. More specifically we will study the habitat selection and use of migrants
after releasing tagged individuals to understand their habitat preferences in relation
to agricultural habitats. Furthermore, we will use the signal strength, as done in
other studies on breeding songbirds (Morbey et al., 2018), to quantify (foraging)
activity in the different habitats.
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We expect that migratory songbirds select different habitat types, depending on
their required stopover function. Habitat selection during migratory stopover takes
place in two steps: Prior to landing birds select stopover sites aloft and fine-tune
their habitat selection by “local” relocation movements on the ground (Chernetsov,
2006, 2012). We will investigate these “local” movements of radio-tracked
individuals which will give insights into the fine-tuned habitat selection and use
during their stopover (Schmaljohann & Eikenaar, 2017; Moore, 2018). We expect
that the birds will show clear habitat selection of certain natural and agricultural
areas with high foliage density and heterogeneity (Petit, 2000; Rodewald &
Brittingham, 2007). Within the agricultural areas farming practices and crop types
are likely affecting the habitat quality (Blount et al., 2021). Extending the array of
receiver stations to cover different study sites, i.e., date plantations under
conventional and organic farming practices, will allow us to gain further insights.
Here, it is expected that more birds will select the organic plantations, characterized
by an understory and no pesticide use. In comparison, the conventional plantations
are likely of lower quality for insectivorous songbirds (Déanhardt et al., 2010; Blount
et al., 2021).

Using radio-tracking data, we quantify the activity of insectivorous songbirds at
different habitat types, providing estimates for their pest control service. Birds
provide all four ecosystem services (i.e. supporting, providing, regulating, and
cultural services) (Gaston, 2022). An important service provided by the birds is pest
control in agriculture, resulting from the foraging behavior of a variety of
predominantly or occasionally insectivorous bird species (Wenny et al., 2011). As
found for various crop types in other studies (Tscharntke et al., 2005; Whelan et al.,
2008; Wenny et al., 2011), we expect that the pest-control service by insectivorous
migrants will have significant importance for the crop yield in agricultural areas in
the Southern Arava. However, as habitat quality for the migrants likely differs
between farming practices, crops, and habitat types, the pest-control service will
vary accordingly (Danhardt et al., 2010; Blount et al., 2021). To understand these
differences and measure the provided service, it is essential to quantify the
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(foraging) activity of radio-tracked individuals in different habitat types (Zhang et al.,
2007; Wenny et al., 2011).
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9. Abstract

Swallow-wort Cynanchum acutum L., is a perennial vine that is mainly associated
with wet habitats in Israel, and in the last years, its range has expanded to the
date orchards of the Arava valley. Swallow-wort climbing vines can fully cover the
date palm and the fruit bunches, and hence inhibit their development, r educe yield
production, and cause significant economic losses. This project's main objective is
to develop enhanced control methods for swallow-wort that will be suitable for
conventional and organic date orchards. Control options will include combined
chemical and physical methods that are based on a deeper understanding of the
weed'’s biology, pollination and propagation, and the interconnected human impact
(social-ecological approach). New control protocols and a better understanding of
the swallow-wort biology and propagation will help to achieve enhanced and

sustainable control in agricultural sites.
10. Background, problem description, and objectives

The economy of The Southern Arava heavily relies on date fruit production.
Swallow-wort (Cynanchum acutum L.) is a perennial twining vine weed associated

with wet habitats found typically in northern Israel (Fig. 1A).

Recently, its range has expanded to the Arava region, as a major pest in the date
orchards. It is highly prolific via both sexual and vegetative propagation
(seeds/rhizomes) and can climb more than 3 m high producing many branches
and woody stems (Shu, 1995, Schackermann personal obs). The vigorous
climbing vines can fully cover the palms and the fruit bunches (Fig. 1 F,G), inhibit
development, and reduce yield production, causing significant economic losses

(Schackermann personal communication).
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Figure 1. C. acutum distribution in Israel according to GBIF organization (GBIF.org
(26 May 2022) GBIF Occurrence Download https://doi.org/10.15468/dl.n6rrg2)
(green points) and information collected during the current study (red points). Blue
frame is the experimental region in the southern Arava (A). C. acutum shoots
sprouting from underground rhizomes (B), leaves (C) inflorescence (D), and
seedpod (E). C. acutum infestation in a young (F) and mature orchard (G) in the

southern Arava

The common control practice in date orchards includes the application of post-
emergence herbicides (e.g., glyphosate, glufosinate, or fluroxypyr) sometimes
followed by hand weeding or mowing (Schackermann personal communication)
and is done in seasons when the manpower is available and hence not
necessarily when the weed is most vulnerable. Farmers report poor swallow-wort
control using herbicides, several weeks after treatment the weed recovers, and
additional treatments are required. Hand weeding may be used to control the
plant; however, it is a tedious, expensive, and must be repeated throughout the
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growing season (Lawlor, 2000). As this weed keeps expanding into new regional
areas, costs and damages are predicted to increase.

The Objective of the project is a. to understand the underlying ecological,
biological, management, economic and social factors that shape the distribution
and spread of the swallow-wort in the southern Arava b. based on the outcomes
of a. create holistic control protocols using integrated weed management
combining chemical and physical control methods, also considering management,
social and economic limitations of the farmers and c. give farmers a sustainable

and highly efficient solution to controlling the swallow-wort and limiting its spread.

To reach this objective we use the following three focal goals, guided by the

underlying research questions:

1. Study the distribution and spread of swallow-wart, and explore possible

underlying mechanisms:

a. What are the spatial patterns and inter-annual rates of swallow-wart spread
within and between date plantations in the southern Arava?

b. What are the possible factors (management approaches and social/economic
factors) shaping these patterns?

2. Study the pollination of swallow-wart and its impact on warts biology:
a. Which insects visit the flowers of swallow-wort along its blooming period?

b. What is the effect of biotic pollination on swallow-wart fruit/seed set, germination

rate, and rhizome development?

3. Study Swallow-wart eradication/management approaches and create

new/enhanced protocols:

a. What are the most effective physical and chemical control methods and

approaches?



b. What are the ideal combinations of these approaches for conventional and

organic plantations considering also human impacts and the biology of the weed?

11. Table 1 Implementation status of the research, methods used (plan vs

execution)

Task

Implementation status

and changes

Task detail as proposed

YEAR 1 (2023)

1 |Investigating the
situation of
swallow-wort in
date plantations
of the southern
Arava

Fully implemented

The project team
designed the questions
together. Based on
these questions Dr.
Avigail Morris met with
all the date farmers of
the region and
investigated with them
the situation of the wort
in their plantations.

With the help of a questionnaire we will
conduct a survey among the date growers in
the region to map the extent of the problem,
and the variation between plantations. This wil
show if there is a spatial pattern in swallow-
wort distribution and if the distribution between
farms changed since our study in 2020 where

we did a similar outreach to farmers.

The outcome of this study will help us to
determine which are the most relevant date
plantations for the different parts of our
research, also considering our already existing

data sets.

2 Vine distribution
data collection in

the 6 plantations

Fully implemented

The project team did a

3-day survey in the

In order to create a long-term data set for
spatial analyses of swallow-wart distribution
over the course of 5 consecutive years, we

will collect data about wort distribution in 6
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from the previous

study.

mentioned 6 plantations
in May 2023.

Data has been
integrated in the bigger

data set.

Data analysis is in

progress.

plantations monitored in our previous project,
to add to the already existing data set of 3

years.

Each of the six previously surveyed orchards
will be visited during the same month. From
Our previous research, we have identified that
May is the best month for distribution surveys
as swallow-wort is present at all orchards. For|
the young orchards, we will assess ground
and tree coverage for each tree. For the
mature orchards, we will assess ground
coverage and the number of climbing shoots
for each tree. We will generate maps (using
ArcGIS) with swallow-wort locations and

densities.

Data collection
about pollinators
of the vine in 6
plantations of the
same variety,
similar age, size,
and with high

wort infestation.

Postponed to 2024

We recruited a Master's
student during 2023.
She will concentrate on
the pollinator aspects of
the project during her
data collection for her
master's thesis. The
start date of the master
thesis was October
2023 hence the data

collection was

We will conduct standardized surveys of wort’
flower visitors, twice along its blooming period,
using: a) visitation observations to record
the identity and visitation frequency
(#visits/flower/unit time) of dominant flower
visitors b) netting and water traps (pan-traps
- colored plastic bowils filled with soapy water
attracting flying insects; commonly used in
pollinator surveys) to collect the visiting insects
and allow their taxonomic identification.
Observations and netting will be conducted
twice/sampling day (morning and mid-day) to
allow sampling of visitors of varied activity

patterns. The specific duration of each
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postponed to summer
2024

sampling session will be determined based on
preliminary work at the beginning of the study.
Pan traps will be placed at the height of wort
flowers in the morning and left for 8 hours. 10
traps will be located on each plantation.
Weather conditions (temperature, humidity,
solar radiation, wind velocity) will be recorded
twice a day, before each netting session.
Collected specimens will be sorted and
curated in the lab, and sent to expert
taxonomists with whom Mandelik has ongoing
collaboration, for further species-level
identification (to the extent possible). These
surveys will provide information on both the
diversity of insect visitors of the wort and on
dominant visitors, possibly providing

pollination services.

4 | Field trial of
chemical and
physical control
approaches in
two young

orchards

Fully implemented

Trials were carried out
in May-June 2023.

Herbicide application
took place in May, and
monitoring continued for

the following weeks.

The data has been
integrated into the

bigger data set and

Experiments will be conducted in two young
orchards exhibiting high swallow-wort
infestation in the Arava region. Pre- and post-
emergence herbicide treatments will be held
using a backpack sprayer with a moving
nozzle delivering 20L per dunam at 300kPa.
The following herbicides will be used in the
experiment: For pre-emergence, indaziflam
(Alion®, Bayer) at a rate of 15 grams per
dunam. For post-emergence glyphosate 2%
(Roundup®, Bayer) + glufosinate 1% (Basta®,
BASF). We will choose trees that have a high
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initial analyses have
been carried out.

For the first results see

the results section.

We were not able to
conduct pre-emergence
herbicide application as
we didn’t find any
suitable orchard. Since
there we were not able
to conduct pre-
emergence trials, we
have added two more
treatment to the post-

emergence trial.

infestation of swallow-wort. Treatments will
include: (1) untreated control - leaving
swallow-wort ground and tree cover for the
duration of the experiment (2) mechanical
removal - tree and ground cover (3) pre-
emergence herbicide treatment alone, (4)
post-emergence herbicide treatment alone,
and (5) pre + post combination. Experiments
will be conducted in a full randomized design.
A single tree will be considered as a replicate.
Based on previous studies, treatment efficacy
will be estimated 14, 43 days after herbicide
application by estimating the percentage of
damage of swallow-wort at each replicate, and
the level of infestation for tree and ground
cover on a scale of 0-100. Forty-three days
after the first treatment, we will apply the
second round of mechanical cutting and post-
emergence herbicide application in treatments
3 and 4. Treatment efficacy will be evaluated
as described above. Data will be subjected to
statistical analysis to determine the efficacy of

different treatments.

Collect and
analyze data on
human activities
(especially
farmers but

possibly others)

Fully implemented

Focus groups and
interviews with farmers
were set up and

implemented. All

Focus groups will be conducted with farmers
and other workers from each of the affected
agricultural communities. Each group will be
given a set of questions dealing with
management, farming techniques, use of

machinery, and other factors which aim to
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that may impact
the spread and
distribution of

swallow-wort.

relevant farmers of the

region participated.

Data has been
transcribed and mostly
analyzed. Analyses will
continue in the first
months of 2024.

For the first results see

the results section.

reveal the role of these human activities on the
spread and distribution of swallow-wort. After
all of the data has been collected thematic

analysis will be used to analyze the results.
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12. Interim results

Task 1 and Task 5:

The situation of the swallow — wort in the southern Arava dates and human

activity impacts

Three sets of questions were asked:

Note:

1. all interviews took place in Hebrew but were translated into English for

analysis as part of the team are not Hebrew speakers.

2. The word stranglevine j7an was used and was a term familiar to the

farmers. Therefore throughout this list of questions Stranglevine =

Swallow-wort

w0 NP

Two final questions

Background and General questions about awareness of strangle-vine
Questions about the date fields from each kibbutz.

Questions about the machinery used in the fields
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Background and General Questions:

1. How long have you been working in the Date Orchard?

2. Have you seen stranglevine in your date orchards?

3.  When did you first notice the stranglevine?

4. Do you have any explanation why stranglevine began to appear?

5. Have you noticed different types of stranglevine (different species)?

6 If so, are there different types in different sections or are both of them in

all of the sections?

~

Do you feel that stranglevine is harmful? If so, why?

8.  Where would you place the problem of stranglevine on a scale between
1 and 5 with 1 being the least harmful and 5 being the most harmful?

9. How do you perceive the problem of stranglevine at the moment? Is the
problem under control, increasing, or decreasing?

10. How do you deal with stranglevine in your date orchards?

11. How much money do you estimate that you spend on controlling

stranglevine each year?
Questions about the Date Fields:
12. Can you describe your fields to me?
- How many sections do you have
- how are they divided?

13. Does the stranglevine appear every year?

14. Where does it appear the most? Are there certain areas where there is
more stranglevine?

15. Have you noticed a connection between the conditions in these sections
and the amount of stranglevine that appears, for example, the age,
location of the field or other factors?

16. Have you noticed any stranglevine on the Kibbutz itself?

17.During what years were each section planted?
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18.Where do you get your off-shoots from?
19.When you plant an offshoot do you check to see if there are seeds on it

from the stranglevine?
Questions about the machinery used in the fields:

20. Can you describe the machinery that you use in the date fields?

21. Where do you keep the machinery after work hours?

22. Can you describe the day-to-day use of the machines? For example, is
there a systematic pattern as to how you use the machines?

23. Have you noticed any stranglevines in any parts of the machinery?
Two final questions:

24.Can you think of any solutions to the problem of stranglevine?

25. Is this a subject that you want the MOP to pursue further?

After initial contacts and phone calls with farmers, it was clear that the best

approach was individual meetings with the managers of each plantation.

Individual interviews took place with the managers of the nine date farms in the
Southern Arava. Transcriptions were made of each interview which have been
translated into English. Analysis of the data collected is in progress. In the

meantime, please find below a brief report on the first result:

Surveys were conducted with 9 managers of 9 date orchards during 2023.

Preliminary results are as follows:

1. There seems to be an agreement amongst all of the farmers that the problem of
stranglevine is growing although when asked on a scale of 1-5 how bad the

situation is the answers varied a great deal.
1 — Eilot, Yahel (only for the high trees)

2 — Grofit
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3 — Samar, Neot Smadar
4 — Elifaz, Yahel (only for the low trees), Ketura, Yodvata

5 — Lotan

2. Most managers consider stranglevine to be a problem not because it directly
harms the fruit but because it interferes with the growing process. It makes it
harder for the farmers to work, takes time away from growing the fruit, and takes

water and energy away from the fruit, which may slow down the growth.

3. Most farmers also agreed that the lower, younger trees are affected more by

stranglevine than the taller, older trees.

4. In terms of money spent on the problem, only Eilot said they spent very little, 4
kibbutzim could not really give an estimate, and 3 estimated that they spent about
20,000 shekels on the problem. Yodvata estimated about 5000 shekels just on
stranglevine. At the same time, almost all of the Kibbutzim agreed that they
combined their treatment for stranglevine with the treatment of other weeds as

well, therefore it was difficult to estimate how much is spent on stranglevine alone.

5. There is more or less a consensus that the stranglevine appears more in the
summer than in the winter when there is more water and sun. This is problematic
since the harvest is in the summer and no one has time to deal with the

stranglevine during the summer.

6. They also agree that no one has yet found a spray that can kill it completely,
nevertheless it can be suppressed. Trying to dig it out is counterproductive and

actually makes it worse. Different farmers use different types of spray.

7. Only two out of the nine farmers think there is more than one kind of

stranglevine in their orchards.



8. Five farmers have not seen stranglevine on the kibbutz, three have found it on
the kibbutz, One is not sure

9. Most of the farmers feel that the wind is the main factor in spreading the vine so
quickly and not necessarily the machinery although some feel that the machinery
and the unchecked offshoots are a somewhat contributing factor to its quick

spread.

10. None of the farmers check the offshoots that they either produce themselves
or buy from other Kibbutzim for stranglevine.

11. All of the Kibbutzim claimed that the only time they have to deal with
stranglevine is between November and March, that is after the harvest and before

preparations for the next harvest.

12. Three of the orchards are organic and are looking for solutions for their organic

crop. Others think that the solution needs to involve:

1. Stronger sprays, organic or otherwise.

2. Jointly hiring someone for the entire area whose only job would be to deal
with the stranglevine

3. Research and Introduce a certain type of butterfly that may eat the leaves.

13. All of the farmers agreed that they would like the MOP to pursue research on

the vine.

Many more findings will be presented in the final report.

Task 2 wort distribution in 6 orchards of the region:

The data was collected as planned from 6 orchards in May 2023. Data clean-up
took place afterward. Data will be analyzed together with and correlated to 2024

data once collected.

Task 3 pollinator surveys:

192
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We successfully recruited a Master's student who started her work as part of the
project in October 2023 and will continue until December 2024. Her main efforts
will be related to the pollinator part of the project, but she will also finalize the
distribution analyses and cross-analyze qualitative and quantitative datasets of the
project. The first months of her Masters were spent with a literature review and
preparing a work plan for 2024.

Outcomes of literature review on swallow-wort in relation to pollination

Swallow-wort (Cynanchum acutum) is an invasive herbaceous perennial plant
species in the Asclepiadaceae family (Averill et al., 2008; Ditommaso et al., 2005;
Douglass et al., n.d.; Ollerton & Liede, 1997). Invasive plant species like
swallowwort pose a great problem in agricultural areas and rangelands due to their
ability to alter the natural vegetation cover and soil structures of their areas (Ar et
al., 2022). Also, controlling them is a big challenge because they are strong
competitors for available and scarce resources; they tend to reproduce and thus
multiply faster than native plant species; they have higher tolerance levels to
adverse weather conditions; and they readily adapt to their new habitats (Ar et al.,
2022; Averill et al., 2008; Douglass et al., n.d.).

Like some of the invasive species, swallow-wort species spread rapidly in various
habitats and quickly along roadsides, gardens, ditches, fencerows, wooded edges,
fields, grassy slopes, and streambanks, causing damage to ecosystems and the
economy in several ways (Ar et al., 2022; Averill et al., 2008; Douglass et al., n.d.;
Tewksbury et al., n.d.). Swallow-wort species are both self-compatible and insect-
pollinated by various flies, ants, bees, wasps, and beetle species(Douglass et al.,
n.d.; Ollerton & Liede, 1997).

Studies show that Asclepiads are exclusively pollinated by insects in six orders,
and at least eight pollination systems can be identified. However, there are several
records of birds visiting the asclepiad flowers. Pollination by Hymenoptera is most
common, with Diptera and Lepidoptera having a secondary yet still vital role.

Swallow-wort being an angiosperm, their primary pollinators are Hymenoptera,
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Lepidoptera, and Diptera. Several data points for Ascpepiadecia are due to the
observations accumulated over the years. Fly pollination is relatively unimportant
in the whole Asclepiadeae but is characteristic of at least some groups. Pollination
by bees dominates old-world Asclepiadeae and is considered the primary New
World pollinator, but wasp pollination is also important. Butterflies also contribute
to pollination. For instance, wasp, butterfly, and open-access fly pollinations have
been recorded in Swallow wort species (Ollerton & Liede, 1997. Specifics for the

Arava and swallow-wort pollination still need to be investigated.

In pale swallowwort (Vincetoxicum rossicum), flowering begins in mid-to-late May
and peaks in early to mid-June, while in black swallowwort (Vincetoxicum nigrum),
the peak is in mid-to-late June, usually 2-4 weeks later than in pale swallow-wort.
Fruit development begins in early June and matures 4-5 weeks after flowering for
pale swallowwort. The peak of the dehiscence is around the end of July. For black
swallowwort, fruit development is normally 2-4 weeks slower. Their flowers remain
open for 6-8 days (Douglass et al., 2009.; Tewksbury et al., n.d.). Swallow wort
species produce polyembryonic seeds, and estimates suggest that 45-75% of the
pale swallowwort are polyembryonic. Studies have shown that polyembryonic
seeds stand higher success chances than monoembryonic seeds in uninterrupted
environments and without vigorous competition (Douglass et al., 2009).

Pale swallow wort has a thick root crown with many buds and fibrous roots. It also
possesses a woody rhizome, which does not facilitate greater dispersion. On the
contrary, black swallow-wort roots tend to be thicker and more fibrous and have
rhizomes that contribute more significantly to population expansion. For instance,
adjoining black swallow-wort plant species were connected by horizontal
underground stems up to a 50cm depth. Pale swallow-wort species, particularly,
have higher seed output. If planted over winter, 71% of the pale swallowwort

seeds germinate in the first year(Douglass et al., 2009).

Swallow wort serves as a population sink for the monarch butterfly (Danaus
plexippus) which depends on milkweed as their native host when laying eggs by
attracting and stimulating oviposition resulting in the death of the larvae due to lack
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of necessary food source. This could further result in a reduced population. Other
observations have also shown that both pollinators and plant-eating insects tend to
avoid swallowwort which may in turn affect the population of small mammals and

birds that depend on these insects as their source of food (Averill et al., 2008)

Due to its morphological and physiological traits, swallowwort control is difficult, so
its rapid biological invasion continues to plague several countries(Ar et al., 2022).
Both black and pale swallowwort species can quickly resprout from root crown
buds, rendering mowing, tillage, and clipping less effective(Douglass et al., n.d.).
However, biocontrol agents like native enemies of the species have not been tried.
In large agricultural regions, mechanical and physical control methods require
extensive manual labor, making them uneconomical (Ar et al., 2022).

Table 2 Master student work plan for 2024

Month Task

January Get familiar with project methodology and

background.
Rhizomes collection from Arava and the North.

Identification practice for insects.

Early February [ Growing plants from the Rhizomes in Greenhouse for

project experiments.

Obtain data from farmers about control
implementation of 2023
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February - April | Greenhouse experiment - Monitoring plant growth

Analyses of the distribution data and creation of heat

maps

Join 3 day fieldwork about distribution data in Arava

May Blooming begins — intensive data collection in

greenhouse

Chemical and physical control in young orchards

June - Field Study - data collection about pollinators and
September implementation of manipulations in the field
October — Data analyses, Thesis write-up, writing of publication,
December Final presentation

Task 4 Control approaches in young orchards

Experiments were conducted in one young orchard exhibiting high swallow-wort
infestation in the Arava region. Pre-emergence herbicide treatments were not
performed as we haven't found a suitable location for this task. Herbicides were
applied using a backpack sprayer with a nozzle delivering 20L per dunam at 2
Bars. The following post-emergence treatments were applied: glyphosate 2%
(Roundup®, Bayer) (G), glyphosate + saflufenacil 35 g ha-1 (Hit®, BASF) +
surfactant (Shatah 90®, ADAMA-Makhteshim, 0.05%) (G+H), and Fluroxypyr
0.5% (Tomahawk®, ADAMA-Agan) (T). We have chosen trees with a high
swallow-wort infestation (60-100% soil cover). Since the farmers treated the

swallow-wort this year before our experiment, no trees covered with swallow-wort
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were found in the orchard. Treatments included an untreated control group without
herbicide application.

Experiments were conducted in a fully randomized design with a single tree as a
replicate. Based on previous studies, treatment efficacy was estimated weekly, up
to 5 weeks after herbicide application. We have estimated the percentage of
damage of swallow-wort for both soil and tree cover at each replicate, furthermore,
we have estimated the percentage of coverage for tree and ground cover. Data
was subjected to statistical analysis to determine the efficacy of different

treatments.

Comparing all treatments across time, significant statistical differences were found
in the response of swallow-wort plants to all herbicides in comparison to the
untreated control (Table 3). In general, treatments with glyphosate + saflufenacil +
surfactant and T fluroxypyr, showed the highest efficacy in damaging the plants
and reducing soil and tree cover. At the end of the experiment, five weeks from
herbicide application, treatment with fluroxypyr excelled showing highest tree

damage and west tree and soil cover.

Table 3. Efficacy of different herbicide treatments on swallow-wort control, G
(glyphosate alone) G+H (glyphosate + saflufenacil + surfactant) and T (fluroxypyr)
compared to the control group (C). Parameters that were estimated are: Ds -

damage on soil cover, DT - damage on tree, SC - soil cover, TC - tree cover.

Time Treatment DS (1-5) DT (1-5) SC (%) TC (%)
(week)
1 C 0.5+0.7a 0.1+0.3a  54.5t14a 4.5+4a
1 G 2.3+1.1b 1.2+1.7b 39.5+1.01b 3.2+2.9b
1 G+H 4.5+0.7¢c 3+2.2c 33+7.5b 1.9+2.9b
1 T 2.6x0.8b 1.7t0.9b 47+13.4a 2.6x1.3b




198

2 C 0.8+1.2a 0.2+0.6a 55.5*+14.6a 8.9+6.4a
2 G 2.8£0.8b 1.4+1.1b 37+5.4b 6.9+5.2a
2 G+H 4.1+1.3c 2.6x1.6c 38+13.5b 4.6x4.3b
2 T 3.5£0.8b 2.4+0.8c 44.5+16.l1a 4.6x2.6b
b
3 C 0.8+0.4a 0.1+0.3a 57+20.4a 10.6x7a
3 G 3.6t1b  1.5+0.8b  36+15.4b 5.4+4.3b
3 G+H 4.9+0.3b 1.9£1.2b 34+0.7b 3+£2.7b
3 T 3.9+£0.7b 2.5+1.1c 40.5+11.9b 3.5+2¢c
4 0.9+0.3a 0.02a 54.5+17.7a 13.3+8a
4 3.4%£0.7b 1.5+1b 26.5+7.8b 4.5+2.7b
4 G+H 4.940.3b 0.9+la  26.2+8.8b 6+9b
4 T 3.9+1b 2.1+1.4b 30+12b 3.6+x1
5 0.8+0.6a 0.3+0.5a 55.5#17.1a 18.3+12.1a
5 3.9+0.7b 1.7¥1.2b  23.5%£9.7b 7.1+6.4b
5 G+H 4.6£0.5b 1.3+0.9b 25+7.1b 6+7.3b
5 T 3.8t1b 2.5t1.6c 22+15.5b 3.2+1c

Testing for differences in all parameters (DS, DT, SC and TC) for each treatment

across time, a clear trend was observed (Figures 2-5). For the damage ranking of

soil-covering plants, an increase in swallow-wort vitality was observed over time

for glyphosate and fluroxypyr treated plants (Figure 2). However, for the

glyphosate + saflufenacil + surfactant treatment, severe damage was observed

even one week after herbicide application.
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Figure 2. Ranking the damage of herbicide treatments on soil covering swallow-

wort plants (ranking was 1-5). The following post-emergence treatments were

applied: glyphosate 2% (Roundup®, Bayer) (G), glyphosate + saflufenacil 35 g ha-
1 (Hit®, BASF) + surfactant (Shatah 90®, ADAMA-Makhteshim, 0.05%) (G+H),
and Fluroxypyr 0.5% (Tomahawk®, ADAMA-Agan) (T), control group (C).

Exploring soil cover by swallow-wort plants, a complementary image was detected

as soil coverage reduced over time for all three treatments (Figure 3). The lowest

soil cover was recorded for the fluroxypyr treatment, five weeks after herbicide

application.
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Figure 3. Soil cover percentage of swallow-wort plants (0-100%). The following
post-emergence treatments were applied: glyphosate 2% (Roundup®, Bayer) (G),
glyphosate + saflufenacil 35 g ha-1 (Hit®, BASF) + surfactant (Shatah 90,
ADAMA-Makhteshim, 0.05%) (G+H), and Fluroxypyr 0.5% (Tomahawk®, ADAMA-
Agan) (T), control group (C).

The ranking for tree damage varied among treatments, when only the fluroxypyr
treatments showed a clear trend of reduction throughout the experiment (Figure
4).
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Figure 4. Ranking the direct damage of herbicide treatments on swallow-wort
plants (ranking was 1-5, minor visible damage to severe damage on swallow wort
foliage). All the plants were growing on palm trees. The following post-emergence
treatments were applied: glyphosate 2% (Roundup®, Bayer) (G), glyphosate +
saflufenacil 35 g ha-1 (Hit®, BASF) + surfactant (Shatah 90®, ADAMA-
Makhteshim, 0.05%) (G+H), and Fluroxypyr 0.5% (Tomahawk®, ADAMA-Agan)
(T), control group (C).

For the tree coverage, it seems that swallow-wort plants were suppressed at all

treatments and coverage did not increase during the experiment (Figure 5). This
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was not the case for the untreated control plants, as the coverage in the first week
after herbicide application was significantly lower than that measured for all

consecutive weeks.
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Figure 5. Palm tree coverage in percentage by swallow-wort plants (0-100%) after
application of herbicides. The following post-emergence treatments were applied:
glyphosate 2% (Roundup®, Bayer) (G), glyphosate + saflufenacil 35 g ha-1 (Hit®,
BASF) + surfactant (Shatah 90®, ADAMA-Makhteshim, 0.05%) (G+H), and
Fluroxypyr 0.5% (Tomahawk®, ADAMA-Agan) (T), control group (C).

13. Discussion (conclusions and implications for the continuation of the

research, including literature review

First results show that the farmers agree that the swallow-wort is a nuisance that
needs to be addressed, but the ways to address it aren’t clear and possibilities
differ between the organic and conventional plantations. Our results show that
there is a knowledge gap about the best approaches to control the wort based on
its phenology and what is applied in the field. Future analysis of the collected data
will show if the management strategies of different farms impact the spread and
control of the wart differently and best management strategies can be developed

based on our qualitative and quantitative project results.
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Post-emergence application of herbicides such as glyphosate and auxin
inhibitors (fluroxypyr and aminopyralid) were reported as highly effective for the
control of Cynanchum species in several studies (DiTommaso et al. 2013;
Meighani et al. 2021). In our study, combinations of herbicides have shown to be
highly effective in preventing the regeneration of C. acutum plants. Treatments
including the herbicide fluroxypyr, as well as the treatment of glyphosate +
saflufenacil + surfactant were the most effective in controlling swallow-wort
plants. For the glyphosate + saflufenacil + surfactant and fluroxypyr treatments,
higher efficacy was emphasized as less regenerative abilities were achieved,
even five weeks after herbicide application, low tree coverage was observed.
Herbicide translocation is governed by source-to-sink pattern, especially for
phloem-mobile herbicides such as glyphosate and fluroxypyr (Shaner 2009). It
may be suggested that differences in source-to-sink patterns may be the reason
for the observed differences in herbicide efficacy, however, further research is

needed to clarify these issues.
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15 Summary concerning the following points

- Research progress: the research is progressing as planned (see table)
besides the mentioned pollinator surveys which were postponed to
2024, but will be fully implemented in 2024. We don’t expect any other
delays.

- Activities done in the R&D during the time of the research: The research
is implemented together with the farmers from the region in their

plantations and not in the research farm of the R&D. Outreach to


https://academic.oup.com/biolinnean/article-abstract/62/4/593/2661065
https://academic.oup.com/biolinnean/article-abstract/62/4/593/2661065
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farmers and meetings are usually done in their Kibbutzim or in the date
plantations.

Publications: Publications will be prepared in the last project year. A
publication about the results of the related project 2020-2022 is to be
submitted in the coming weeks.

Recommendations for the future of the research and changes in the
research. No changes will be made to the plan, we expect full

implementation of the plans for 2024.



205

Birds and bats as bio-pest control agents in the Southern Arava’s
agriculture.

Understanding needs and enhancing habitats.

Year report 2023
By Jessica Schackermann (MOP)
Involved students:

Nicolas Neuman Master studies (University of natural resources and life sciences, Vienna), A new
agricultural asset: Studying the role of migratory birds as pest controllers in Date plantations and fields in the
Southern Arava

Hanelie Sidhu Bachelor studies (TUMunich), Birds as biological pest controllers in onion fields in the
Southern Arava, Israel

Margaret Wanjiku Research intern (Arava institute), Monitoring and managing bat houses for habitat
enhancement - mitigate overheating using ibutton sensors. (with contributions from Ria Slater, Grace Arents
and Lily Webber, Northeaster University)

The following report is divided into sub sections related to the integrated bachelor and master thesis and the
internship reports by the involved students.
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A new agricultural asset: Studying the role of migratory birds as pest controllers in Date plantations
and fields in the Southern Arava

1. Introduction

Insect pests cause serious damage to agricultural crops worldwide, resulting in decreased crop productivity
and economic losses. In date palm cultivation and production, arthropod pests can be responsible for up to
30% of yield losses (El-Shafie, 2017). Of the over 100 insect species associated with date palms worldwide,
16 are considered to be major pests to date palm production in Israel (Blumberg, 2008). However, conventional
pest control oftentimes is not practical in date orchards because the availability of pesticides for date palm
pests is limited and application is only possible during specific times of the year (when pest abundance is high
and not for the last few months before harvest). To overcome these limitations, natural enemies of date palm
pests can be utilised for biological pest control in the context of Integrated Pest Management (IPM)
programmes. Although birds are often overlooked as viable providers of pest control services (Garcia et al.,
2020), studies from a variety of agroecosystems (Barbaro et al., 2017; Chain-Guadarrama et al., 2019; Garcia
et al., 2018) consistently support the notion that birds can and do act as important suppressers of agricultural
pests. A recent review of 179 case studies by Diaz-Siefer et al. (2022) found that wild birds in agricultural
settings provide a significant reduction in pest abundance and crop damage, resulting in increased crop yield.

The Arava valley is an ideal setting for investigating pest control services provided by birds in desert
agriculture, as it is home to several large date plantations and a key route for bird migration through the Middle
East in both spring and autumn (BirdLife International, 2022; Yosef et al., 2006). Migratory birds use this area
as a stopover site on their journey between Africa and Europe to recuperate either before or after crossing the
Sahara Desert (Shirihai, 1996). Therefore, large numbers of migratory birds in search of food in the form of
insects could potentially provide significant pest control services to date farmers in the Arava region. We aim
to better our understanding of which bird species in the region could be helpful in controlling pest insects in

date orchards and how the pest control services they provide can be enhanced.

2. Research Questions
Based on the above, the following questions guided this research project:

(1) Which migratory bird species commonly feed in date plantations and can be identified as natural
enemies of key date palm pests?

(2) Can birds be attracted to date plantations with habitat manipulations (water) and tape luring to increase
their foraging activity and thereby enhance the pest control services they provide?

(3) How can birds be lured more efficient to the date plantations

(4) Can changes in the number of pests in the moth traps be connected to the luring efforts

Because research shows that auditory playback can have a negative impact on territorial breeding birds (Harris
& Haskell, 2013), for our audio lure study we chose to focus exclusively on non-breeding migratory bird

species.
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3. Research Objectives

The primary objective of this study is to define and enhance the pest control services migratory bird
species provide to southern Israel’s date farmers. This research lays the foundation for incorporating bird-
mediated pest control into local IPM programmes already involving bats. More extensive IPM schemes would
provide farmers with additional ‘tools’ for insect pest control and provide alternatives to chemical pest
management. This would extend the period in which date palm pests can be controlled (since chemicals cannot
be applied shortly before harvest (personal communication)) and at the same time contribute to a more
sustainable, environmentally friendly agriculture in the Arava region.

As an additional part of the project, we aimed to identify key avian enemies of major agricultural date
palm pests by collecting faecal samples from bird species commonly occurring in date orchards and making
inferences on their diet composition. Our main goal was to investigate methods of attracting birds to date
orchards to enhance the pest control services they provide to farmers. Specifically, we studied the impact that
permanent water sources (in the form of small water pools) and audio playback of common migratory species’

songs have on bird abundance in date plantations.

4. Methods

Study sites

Study sites were located in the Southern Arava region in
the Samar and Elifaz date plantations. Samar is an organic
plantation where only pesticides approved for organic
farming are applied and each date palm is surrounded by
undergrowth in the form of bushes and tall grasses (Figure
1). In this plantation, undergrowth is not treated with
herbicides and only partially cut back a few times a year,
without ever being completely removed. Elifaz is a
conventional plantation where pesticides are used several
times throughout the season and most vegetation around
the palms is cleared using herbicides and physical means
(Figure 1).

Surveys investigating the effect of audio lures on bird
abundance were conducted in both Samar and Elifaz,

while mist netting for faeces collection and surveys

Iilgure 1: Date plantations in Samar (top) and Elifaz
took mainly place in Samar and on one occasion in Elifaz.  (bottom).

investigating the impact of water pools on bird abundance

This is because bird abundance was expected to be higher
in Samar, based on previous studies, which would provide us with a more robust data set. Bird abundance was
estimated using point counts, a method with which all individuals seen or heard within a given radius for a set

amount of time are recorded.
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Audio lures

Three locations within each plantation were chosen for audio
lure placement each year, with lures being placed at least 500
metres apart (Figure 2, for coordinates see Table 2). One
counting point in Samar (1A) had to be displaced (1B) as the
original spot has been cut. The audio lures were an alternating
medley of migratory bird songs. Song species varied throughout
the study period and were selected based on real time migration
data from the International Birding and Research Centre in Eilat
(Table 1). Lures were played through Miracase MBTS800
speakers in 2022 (Figure 3) and in 2023 three bigger speakers
(one “RichTech RT-12V” and two “DOME DM-3015”) were  E|ifaz.

used (Figure 4). Volume was set always on maximum. The

speakers were set up and taken down at the beginning and end of each survey
day and were placed directly on the date palms (~2 metres above the ground).
They were turned on approximately thirty minutes before sunrise in 2022 and
in 2023 the lures were all played latest one hour before sunrise. The speakers
played until the end of the days’ surveys.

Point counts were conducted at three different distances from the speakers
(<25 meters, 100 meters, and 250 metres) to investigate the impact distance
had on the effectiveness of audio playbacks. Speakers were turned off for the
duration of the counts. Each count lasted for exactly five minutes, and all
individuals seen or heard within the given radius were recorded. Only birds
assumed to be feeding in or directly above the date palms were considered,
while birds feeding in the area surrounding the date orchards or just passed
by were not counted. The feeding location (canopy, trunk, ground, attached
vegetation, detached vegetation) of each individual bird was also recorded.
Point counts began at sunrise and continued until each point had been
surveyed two times. Surveys were conducted once a week in every full week
from the 1% of march until the 15" of may which makes ten weeks and cycles
of counting in total. Control surveys in the absence of audio lures were
conducted on the first survey day of each week only one time per day in 2022
and two times in 2023. Counts and all associated data were made with
binoculars and recorded using the ArcGIS Surveyl23 application.
Additionally, to the maximum number of birds of each species that could be
detected a collection of several abiotic factors has been compiled. This
included the temperature, the number of minutes that passed since sunrise, the

wind speed, the amount of available water and the amount of vegetation

Date survey 2022/2023
® Tape Points

® 100m / 250m Points

0 0,5 1 1,5 km

' B N
Figure 2: Tape lure placement in Samar and

Figure 4: Speaker setup for tape lure
surveys in 2023.

around the trees. The temperature was read out of the heat indicator of the car and was later put in six
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temperature range groups (6-10 °C, 11-15 °C, 16-20 °C, 21-25 °C, 26-30 °C and 31-35 °C). To take account
of the bird activity peak in the morning accompanied by a better detectability of those the minutes after sunrise
that have passed when the five minutes counting starts are recorded for each counting. The wind speed was
estimated in the field and was put into five groups (0-5 km/h, 6-10 km/h, 11-15 km/h, 16-20 km/h and >20
km/h). The amount of available water was put into three different classes. If there were paddles or wet soil
areas from recent rainfalls water availability was considered as “intensive”. If the water comes just from the
date plantation irrigation system or the irrigation system was active while the counting the water availability
was considered as “temporary”. If there was no available water the water availability was classified as “non”.
At last, the vegetation was monitored and was put into three classes as well. The vegetation in the plantation
was considered as “intensive” when it was dense enough to provide a proper hide for birds and was higher
then approximately 1,5 m. It was considered as “sparse” if only a scarce reed belt or a few bushes were around

the trunks that provide only small bird hide possibility. If no hide existed at all the vegetation class was assessed

as “non”.
Week Song species
1-2 Common Chiffchaff, Lesser Whitethroat, Bluethroat
3 Common Chiffchaff, Lesser Whitethroat, Eastern Bonelli’s Warbler
4 Common Chiffchaff, Lesser Whitethroat, Eastern Bonelli’s Warbler, Tree Pipit
5-7 Lesser Whitethroat, Eastern Bonelli’s Warbler, Tree Pipit, Blackcap
8 Lesser Whitethroat, Tree Pipit, Blackcap, Willow Warbler
9-10 Blackcap, Garden Warbler, Eastern Olivaceous Warbler

Table 1: Song species included in the audio lures, and the date range each particular medley was used. Song species
included: Common Chiffchaff (Phylloscopus collybita), Lesser Whitethroat (Sylvia curruca), Bluethroat (Luscinia
svecica), Eastern Bonelli’s Warbler (Phylloscopus orientalis), Tree Pipit (Anthus trivialis), Blackap (Sylvia atricapilla),
Willow Warbler (Phylloscopus trochilus), Garden Warbler (Sylvia borin) and Eastern Olivaceous Warbler (Iduna palida).

Samar Elifaz
X y X y

Tape 1A/1

25m 35.03485 29.81894 35.02950 29.80469

100 m 35.03590 29.81892 35.02912 29.80385

250 m 35.03745 29.81890 35.02852 29.80260
Tape 1B

25m 35.03380 29.81572

100 m 35.03376 29.81480

250 m 35.03373 29.81344
Tape 2

25m 35.03861 29.81315 35.03549 29.80073

100 m 35.03757 29.81315 35.03445 29.80074

250 m 35.03601 29.81316 35.03289 29.80075
Tape 3
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25m 35.03351 29.80986 35.03035 29.79974
100 m 35.03352 29.81075 35.03027 29.79884
250 m 35.03355 29.81210 35.03013 29.79750

Table 2: Coordinates of points at tape lures in Samar and Elifaz. 1A is the old spot in Samar and 1B the displaced.

Water pools

Water pools were installed only in 2022 at
three different points in Samar (Figure 5, for

Survey polnts at pool
coordinates see Table 3). To reduce disturbance | SlEAERNEY
from pool (250 m)

to plantation operations, each pool was located
directly in the line of date palms in place of
missing date trees. The pools were connected to
existing irrigation lines and were replenished with
new water each time the date palms were
irrigated. In addition to being filled with water,

171 e
Y a8 S \ s
to provide suitable drinking perches for birdsand  Figure 5: Water pool placement in Samar.

each pool was partially filled with soil and rocks

to reduce drowning risk for birds and mammals.

Point counts

at water pools were conducted following the same procedure described above, with counts being made at two
different distances from the pool: <25 meters and 250 meters. To ensure that the installed pools did not interfere
with the tape lure surveys and vice versa, pools were placed over 250 m away from tape lures.

X y

Pool 1

25m 35.03836 29.82132

250 m 35.03578 29.82158
Pool 2

25m 35.03382 29.81400

250 m 35.03641 29.81395
Pool 3

25m 35.03671 29.80972

250 m 35.03677 29.81196

Table 3: Coordinates of survey points at water pools in Samar.
Faeces collection

Mist netting was conducted to trap birds and collect their faeces once a week by a licensed bird ringer
in Samar and on one occasion in Elifaz. For that purpose, three 18-meter mist nets were set up prior to sunrise
in a U-shape. To allow birds time to feed in the plantation before trapping, nets remained closed until two
hours after sunrise. Nets were opened for approximately three hours, and birds were collected from the nets

every 15 minutes, ensuring that birds did not remain in the nets for a longer time and that the faecal sample
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could be collected in time. Each bird extracted from the nets was placed into a sterile cloth bag and transported
to a ringing site. All birds were ringed by a licensed ringer, and relevant ringing data was recorded. Faeces
were collected from the cloth bags or directly from the birds and placed into a labelled Eppendorf vial
containing 100% alcohol. If a bird had yet to defecate upon completion of the ringing process, it was placed
back into the cloth bag and held for a maximum of one hour. The ringer constantly monitored each individual
bird to ensure that faeces could be collected, and birds could be released as expeditiously as possible. All tools
used to extract the faeces were sterilised with 70% alcohol between each use. Samples were stored in a -20-
degree freezer until the end of the collection period. Cloth bags were disinfected between uses by soaking the
bags in 2.5% bleach solution for 15 minutes, sun-drying them to activate the bleach and washing them at
90 °C afterwards.
At the end of the two

] ] Species Sample size
collection periods the faecal samples ) o
Blackcap (Sylvia atricapilla) 56
were transferred to a lab at the "Dead ) )
] ] Lesser Whitethroat (Sylvia curruca) 25
Sea & Arava Science Center” in ) )
] Common Chiffchaff (Phylloscopus collybita) 13
Masada and analysed using DNA
] Spectacled bulbul (Pycnonotus xanthopygos) 8
metabarcoding. Over the two ) )
] ) ] Easter Olivaceous Warbler (Iduna pallida) 7
collection periods a total sample size ) )
) Eurasian Reed Warbler (Acrocephalus scirpaceus) 5
of 141 samples of 20 species was
Sedge Warbler (Acrocephalus schoenobaenus) 4
collected (Table 4) The collected ) )
] Balkan Warbler (Phylloscopus orientalis) 4
faecal samples were first cleaned of . o
] ) Tree Pipit (Anthus trivialis) 3
the ethanol in which they were stored o o -
) L . Graceful Prinia (Prinia gracilis) 3
in. This is necessary for extracting ) )
Black Scrub Robin (Cercotrichas podobel) 2
the DNA out of the cells. To clean the o o
Common Nightingale (Luscinia megarhynchos) 2
samples from the Ethanol they were ) )
. . . Common Redstart (Phoenicurus phoenicurus) 2
first centrifuged three minutes on )
Great Reed Warbler (Acrocephalus arundinaceus) 1
5000 x g and the ethanol that was )
) Rufous Bush Chat (Cercotrichas galactotes) 1
floating on ) )
European Robin (Erithacus rubecula) 1
the top was removed by pipetting.  Thrush Nightingale (Luscinia luscinia) 1
After this step one ml of PBS Bluethroat (Luscinia svecica) 1
(phosphate buffer saline) was added  House Sparrow (Passer domesticus) 1
and the sample was centrifuged one  Sardinian Warbler (Sylvia melanocephala) 1

more time before the top liquid layer — Table 4: Listing of all collected species in both years together with the sample

size of collected faeces sorted by the highest sample size at the top to the

was removed again. This step was
9 P smallest at the bottom

repeated one more time before the

samples where ready for the DNA-extraction. For the DNA extraction the DNeasy® PowerSoil® Pro Kit was
used and the procedure was following the manufacturer's protocol. As we work with a liquid solution we took
100 ul instead of 250 mg soil for the extraction. After finishing the DNA extraction we continued with the
PCR following the Illumina library preparation protocol. This includes two cycles of PCR with one "washing"

step each. Each PCR-reaction contained 2 pl of the template DNA, 9 pl of molecular biology grade water,
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12.5 pl KAPA HIFI HotStart Readymix and 0.75 pl of each primer. As primer for the PCR we used ZBJArtF1c
and ZBJArtR2c. The machine settings (SimpliAmp Thermal Cycler) for the first and the second PCR reaction
(PCR1 and PCR2) were set as recommended by the laboratory (Table 5).

PCR Stages Step Temperature Time Cycles
1 Initial denaturation 98 °C 2 min 1
Denaturation 98 °C 10 sec
PCR1 2 Annealing 61 °C 15 sec 35
Extension 72 °C 35 sec
3 Final extension 72 °C 5 min 1
Holding 4°C -
1 Initial denaturation 95 °C 3 min 1
Denaturation 98 °C 20 sec
2 Annealing 55 °C 15 sec 8
PCR2 Extension 72°C 15 sec
3 Final extension 72 °C 1 min 1
Holding 4°C -

Table 5: Settings for the thermal cycler for both PCR reactions.
Moth trapping

Moths were trapped in Samar and Elifaz with pheromone traps by the farmers. Further details about
the methods will be described as soon as the whole dataset is delivered by the farmers.

Data analysis

Preliminary data analysis to gain insight into trends in the data was conducted using Microsoft Excel
As well as R-Studio. To survey the influence of the different predicator variables on the number of attracted
birds a Generalized Linear Mixed Model (GLMM) will be applied. For this model the number of counted

bird is the depended variable and “location” will be used as random effect.
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6. Preliminary Results

Although in-depth analysis of the

results is still ongoing as part of a master | %] #25m  m250m
thesis (to be submitted in Summer 2024), | o
many interesting trends have been observed g 50 |
from preliminary analysis. Overall, water | &

£
pools in the Samar plantation appear to not | 3
have a significant impact on observed bird 0 A

. 1 2 3 4 5 6 7 8
abundance (Figure 6) However, when ey el
Figure 6: Weekly observations at pools vs away.

irrigation drippers were not in use, slightly
more birds were observed at the pool survey points, suggesting that bird abundance may be influenced by
water pools if no other water source is present.

Results from the audio lure surveys provide an assortment of initial takeaways. In total in the first year a
number of 8550 bird individuals of 55 species was counted. In the second year a total number of 6299 of 39
species was counted. The difference between the years is big especially if the amount of counted species is
divided further into migratory and sedentary bird species. In 2022 a total of 3411 migratory bird individuals
was counted whereby in 2023 only 724 migratory bird individuals could have been detected. The number of
sedentary birds showed only a minor increase from 5139 in 2022 to 5575 in 2023. This huge fluctuation of
migratory birds must be noted for the interpretation of the results. In most survey weeks, more birds were
observed in Samar than in Elifaz. However, in the final three survey weeks of 2022, more birds, particularly
Blackcaps, were observed in Elifaz. These results correlate with the development of small bushes in Elifaz
starting around survey week 6, and with overall results showing higher observed bird abundance in areas with
some vegetative ground cover. In tandem, these results appear to provide strong support for the impact of
vegetation presence on bird abundance. In 2023 a significant increase in the development of the bushes in
Elifaz could not be observed.

Additional results from the audio lure surveys provide mixed support for the efficacy of audio lures in
attracting target species. Of the nine song species used, only four (Blackcap, Lesser Whitethroat, Balkan
Warbler and Tree Pipit) were more abundant in the presence of a tape compared to the control survey with no
tape (Figure 7). The lesser Whitethroat showed only in 2023 a significant increase at the tape counts compared
to the control counts. When comparing tape surveys at the three different distances (25, 100, & 250 m), three
species (Blackcap, Lesser Whitethroat, and Tree Pipit) were observed more frequently in both years at the 25
m survey point than at the other two points (Figure 8). These separate results appear to provide strong support
for the efficacy of audio lures in attracting Blackcaps, and potential support for attracting Tree Pipits and
Lesser Whitethroats. The abundance of all other song species appears to not have been strongly influenced by
the presence of tapes when compared to the control surveys and at different distances from the tape.
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Bird counts at the tape compared to the control count
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Figure 7: Observations of song species at tape vs control in both years.
Bird counts at the three different distances
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Figure 8: Observation of the song species at tape vs 100 m vs 250 m distance

Although the audio lures were intended to exclusively attract migratory birds, there were pre-survey
concerns that breeding birds could also be impacted by the tapes. Our results do not appear to show the tapes
having a substantial impact on sedentary birds within the plantations. The most common breeding birds were
observed at approximately the same frequency during both tape and control surveys. When comparing
observations between the three different tape survey distances (25, 100 & 250 m), only two species (White-
spectacled Bulbul and Eurasian Collared-dove) appear to have a slight trend of higher abundance at the 25 m
point, however further analysis needs to be done to determine the significance of this trend.

7. Future directions

In the future, more in-depth statistical analysis of the collected dataset will be conducted to make
inferences about the significance of the observed trends. In this analysis more data about the moth traps and
about the faecal analysis will be included. In cooperation with the project supervisors, a draft for a publication
will be prepared upon the completion of data analysis.
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Birds as biological pest controllers in onion fields in the Southern Arava, Israel

1 Introduction

Human population growth has led to a global extension of agriculture. From 1700 to the 1980s, the
acreage of land used for crops increased by 466% (Cowell, 1995). In the last decades, growth slowed
down, as new suitable land for cultivation has become increasingly rare (Crowder and Jabbour,
2014). However, the stagnating agricultural expansion has led to an intensification of agricultural
systems. Among other things, this means an increased use of pesticides and fertilisers (Roubos et al.,
2014) with its own set of economic and environmental challenges. For this reason, a stronger focus
must be placed on methods to strengthen the sustainability of agroecosystems. “Biological control is
a key ecosystem service that is necessary for sustainable crop production” (Crowder and Jabbour,
2014).

“Biological control [...] is the exploitation of living agents to combat pestilential organisms (including
pathogens, pests and weeds) for diverse purposes to provide human benefits.” (Stenberg et al.,
2021)

Biological pest control provides an enormous value that exceeds $4.5 billion annually in the United
States according to conservative estimates (Losey and Vaughan, 2006).

Various species act as natural enemies of pests, such as insects and weedy plants. These are mostly
insects, birds, bats, fungi, nematodes and rodents (Jabbour et al., 2011; Kirk et al., 1996; Miller and
Surlykke, 2001; Navntoft et al., 2009; Opit et al., 2009; Ramirez and Snyder, 2009).

Many studies have been conducted about avian-mediated pest control, however, there are essential
knowledge gaps in how landscape structure affects interactions with pest control by birds (Boesing et
al., 2017). Furthermore, the role of temporal dynamics in biological control, which includes the role
of the phenology of pest-controlling bird species, are just poorly understood (Welch and Harwood,
2014).

These are two of the main research questions addressed by this case study in the Southern Arava in
Israel. Due to the important agricultural role of the region for the country and because the Southern
Arava is located on one of the world’s busiest bird migration routes, a study of the role of birds as
pest controllers is significant.

Pest control in onion fields of the Southern Arava

The Southern Arava Valley of Israel’s Negev desert is a particular case to study the potential of
biological pest control through birds in agricultural production. It is located on one of the most
important migration routes and is one of the most important stop-over sites for migratory birds in
the world (IBRCE, n.d.). Several species of migratory birds are coming to the fields to search for food.
Previous data collection in 2019 proved that 74% of the birds arriving in the fields were insectivorous.
Of these, almost all migratory birds were insectivorous. The most common genera in onion fields
were Anthus and Motacilla species. These are passerines that belong to the family of Motacillidae.
Species of this family are migratory and feed insectivore (Svensson et al., 2010, p. 262). Therefore,
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migratory birds, stopping in these fields, have the potential to provide the ecosystem service of
biological pest control. In 2019, the data showed evidence for one species, that it is correlated to the
number of thrips in the fields. This was the Red-throated Pipit (Anthus cervinus).

Like in most agricultural ecosystems, one of the main challenges for farming in this hyper-arid area is
pest damage to the crops. The farmers of the southern Arava report that insect pests cause severe
damage and that conventional control methods are often not sufficiently efficient (Schackermann et
al., personal communication.).

The main pest for onion crops in the region is the onion thrips Thrips Tabaci Lindeman. It is an about
2mm long insect, that causes silvery scars by its feeding on the foliage of the green onion leaves,
which reduces their marketability. There are pesticides to eradicate thrips (Lebedev et al., 2013).
Repeated use of insecticides often leads to the development of resistant thrips populations. This has
also been reported for onion thrips (Lebedev et al., 2013).

2 Research goal and questions

The goal of this research is to study the potential pest control service migratory birds can provide to
the onion fields in the Southern Arava in relation to their migration phenology and habitat structures.
Hence this study includes data collection about the traits and phenology of the relevant bird species,
to indicate when their services can be provided and research about which structures and elements
enhance the fields for the birds.

Similar surveys in onion fields of the same region were carried out in the autumn season of 2019.
A second data set from a different year to support the findings of 2019 has not been collected thus
far. Therefore, a second season of data aims to provide input about the interannual correlations
between 2019 and 2023 as the results of the data analyses of the two years will be compared.

The two research questions guiding this study are:

1. Which bird species are the most relevant for pest control in onion fields in the Southern Arava?
a) Isthe number of thrips correlated to the number of birds, and which are the main bird
species feeding in the onion fields?
b) When are these birds available to give their services regarding their migration
phenology?

2. Which structures and elements attract birds to fields and hence are enhancing fields as stop-over
sites (water availability, shelter...) and how can the farmers use this knowledge to their
advantage?

The following hypotheses have been formulated:
H1: Insectivorous bird species are the most relevant for pest control in the onion fields of the

Southern Arava.
H1a) The number of thrips is correlated to the number of insectivorous migratory birds.
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H1b) The pest-controlling bird species are available during autumn migration time as they use the

fields as a stopover site before continuing their journey to the wintering grounds.

H2) Drinking spots, shelter, and perches in the field or very close to it will attract the birds to the

onion fields.

3 Materials and Methods

Project area

The Southern Arava is a hyper arid desert area in the south of Israel.
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Figure 2: Migration routes between Europe, Asia and Afrika
(Wysinfo Docuwebs, n.d.)

The annual precipitation ranges from 20mm
to usually less than 50mm. Nevertheless, due
to modern technology, irrigation systems,
and proper planning, the Arava Valley plays
an important role in the agricultural
production of the country (Girma and Jemal,
2015; Goldreich and Karni, 2001). The main
crops of the region are date palms, onions,
and cucurbits. More than 40% of the
country's field crops are grown here and it is
the leading export region for agricultural
products in Israel (Fedler, 2009).

The Southern Arava is located on one of the
busiest bird migration routes in the world
(Shirihai, 1996). Bird species that are
breeding in Europe and Asia and wintering
in Africa must cross the Sahara Desert twice
a year. As bird migration alternates
between transit and stopover, habitats
bordering ecological barriers are
indispensable for providing food sources for
these birds to fuel for the rest of their
migration (Zduniak et al., 2013). The Eilat
area is such a stopover site.



Important species that were analysed:

Based on the results of previous studies (2019), data collection concentrated on following species:
Red-throated Pipit (Anthus cervinus), White Wagtail (Motacilla alba), and Water Pipit (Anthus
spinoletta). They all belong to the family Motacillidae which includes Pipits (Anthus) and Wagtails
(Motacilla).

o —

Figure 3: Water Pipit (Anthus spinoletta) (Pavlou, 2021a)

7 5 c -
Figure 5: White Wagtail (Motacilla alba) (Pavlou, 2021b)

Data collection

Data was collected over ten weeks in four onion fields during the growing season of the onions in
autumn using fixed radius point counts for the birds and counting the abundance of thrips on the
leaves of onion plants on the point count stand according to the protocol of the MoA. The research
takes place in agricultural sites with farmers working in the fields with machinery.

This study, as well as a previous, similar study by Verners (1988), showed that counting periods
longer than six minutes provide little advantage in the accumulation of new individuals, while shorter
counting periods allow the observer to visit 15 to 35% more stations during the fieldwork (Petit et al.,
1995).

219
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Four onion fields were examined every week in the onion growing season, between the first week of
October and the first week of December.

The fields were chosen according to availability. If possible, fields that were further apart were
selected. In each field 2 to 3, fixed radius point counts (Petit et al., 1995), were conducted,
depending on the size of the field, to collect data about bird species richness, abundance, and
behaviour. All data was entered on the phone application “Survey 1,2,3” by the Geographic
information system company Esri (Esri, 2023).

The count points were 100 metres apart. The observer was positioned in the centre of the point
count location and collected data for approximately 5 minutes. All birds in a radius of 0 to 30 meters
and a radius of 30 to 250 meters were recorded. In addition, the thrips in the leaves of 10 onion
plants at the point count stand were counted. The observer also entered weather data: temperature
and wind — none, light, medium or strong.

Data about habitat structure was
recorded: (1) water availability: none,
temporary or intensive, (2) perches
(high trees, power lines) —none, 1to 5
or many, and (3) shelter (bushes,
hedgerows, windbreaks...) - yes or no as
well as height of crop cover.

Onion field in Eilot

Data analyses

For the data analyses, the birds observed were sorted according to various characteristics. These are:
Migratory/ sedentary, Insectivore/ Onmivore/ Granivore/ Predator, Genus, Species

The data was analysed statistically using Microsoft Exel (Microsoft Corporation, 2024) and DATAtab
online statistics calculator (DATAtab Team, 2024).

Statistical tests

Correlational analyses between different categories of birds and the number of thrips were carried
out using DATAtab online statistics calculator (DATAtab Team, 2024).

Correlation analysis is a statistical method to identify the correlation between two variables. The
correlation coefficient t r indicates strengths and direction of the correlation. It can vary between -1
and 1. The strength of the correlation was evaluated according to the following table:

Phenology analyses

Phenology curves of birds, that were correlated to the frequency of thrips were created, using
Microsoft Exel (Microsoft Corporation, 2024). Therefore, line graphs were used. The frequency of
birds was summarised in weekly sections.
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4 Results

Frequency analyses on the abundancy of birds and thrips

Mostly migratory birds have been observed within 0-30 meters from the observer: 93% of migratory
birds and 7% of sedentary birds have been observed (figure 6). In 30-250 meters

0-30m from observer 30-250m from observer flyover

Sedentary 7%

Figure 6: Migratory and sedentary birds in various distances

from the observer, 66% of migratory and 34% of sedentary birds have been observed whereas in the
flyover birds, just 10% were migratory and 90% sedentary.

0-30m 30-250m flyover
Granivore ..Omnivor_e Predator Predator  Granivore Predator
0% % 19% 8%
Omni
Inse
6%
Insectivore
96% Insectivore

75%

Figure 7: Birds of different feeding types in various distances

The analyses of the appearance of the four different feeding types of birds (insectivore, omnivore,
granivore and predator) shows that the great majority of birds in the fields were insectivores (figure
7). At 0-30 meters from the observer, 96% of birds observed were insectivores, just 3% were
omnivores and 1% were predators. No granivore birds have been observed in 0-30m.

At 30-250 meters from the observer, 75% of the birds observed were feeding insectivores, 16%
omnivores, 8% granivores and 1% predators.

Of the flyover birds, 6% feed on insects, 15% are omnivores, 76% are granivores and 3% predators.
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At a distance of 0-30 meters from the observer, the most common observed genus was Anthus 67%
of the observations, 22% of the observations were of the genus Motacilla, 6% Hirundo and 1%
Luscinia (figure 8).

In a distance of 30-250 meters from the observer, 30% of the observed birds belonged to genus
Motacilla, 29% belonged to genus Anthus and 8% to genus Hirundo. Birds of these genera are
insectivore. Omnivore genera were Passer which were observed at a rate of 5% and Pychonotus at a
rate of 4%.

0-30m
Luscinia 1% 30-250m ﬂyover
c Galerzlg/oa 1% Others Lonchura 2%
iy Columba 4% Other:
Hirundo 6% Others17% Hirundo 7%
Motacilla 4%
Pychonotus 4% 0%
Motacilla | P 5%
asser Corvus
= Anthus Strept
67% o
Anthus
Hirundo 29%
8%

Figure 8: Top seven genera in various distances

The seven most common bird species in the onion fields were as follows: In 0-30 meters from the
observer, 51% of the observed birds were Red-throated Pipits (Anthus cervinus), White Wagtail
(Motacilla alba), 18% and the third most commonly observed species was the Water Pipit (Anthus
spinoletta), 15% of the observed birds.

In 30-250 meters, the most frequently observed bird species was the White Wagtail (Motacilla alba),
Red-throated Pipits (Anthus cervinus) 23% of the observed bird species.

Flyover birds were mainly pigeons and doves (figure 9).

0-30m 30-250m flyover

Other 5%
Yellow Wagtail

Crested Lark 4%  Eurasian Spanish Sparrow
1y, Collared  House Rock Martin 1%

Dove _Sparrow
5% Indian Silverbill 2%

House Crow 2%

Other
6%

Other

23%
House Cr,

Feral Pi

Eurasian Teal

Eurasian
5%
Collared
Dove
Tree Pipit Water Pipit 69%
2% Rock Martin 3% 6%

Figure 9: Top seven species in various distances
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The frequency of migratory and
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Figure 11: Types of birds according to their feeding types observed by time for
observations in all distances

The frequency of the seven most
common bird species at 0-30 meters from the observer has been analysed by time (Figure 12). It is
noticeable, that the number of Red-throated Pipits (Anthus cervinus) is by far higher than the number
of the other six most frequently observed bird species. Moreover, the frequency of Red-throated
Pipits (Anthus cervinus) is the highest in the two weeks from 4.-29.10 and 30.10.-05.11.2023.
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Figure 12: Frequency of top 7 bird species (0-30m) observed by time

common species in frequency at 30-250 meters.

In the week beginning on 6
November 2023, there is a clear
drop in the number of Red-throated
Pipits (Anthus cervinus) and in the
following weeks the numbers of the
weeks before 6 November 2023 are
no longer reached.

The second most common species is
the White Wagtail (Motacilla alba).
The biggest numbers of White
Wagtails (Motacilla alba) have also
been observed in the two weeks
between the 24™ of October and
the 5" November. From the end of
October on, Water Pipits (Anthus
spinoletta) can be observed
regularly, which is the third most

In 0-250m combined, the observations of the 7 most common species included: Red-throated Pipit
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Figure 13: Frequency of top 7 bird species (0-250m)
observed by time.

(Anthus cervinus) and White Wagtail
(Motacilla alba) continue to be by far
the most frequently observed species,
followed at some distance by the third
most common species, the Water Pipit
(Anthus spinoletta). After that,
Eurasian Collared Dove (Streptopelia
decaocto), Rock Martin (Ptyonoprogne
fuligula), Yellow Wagtail (Motacilla
flava)

and House Crow

(Corvus splendens) are among the
seven most common species (Fig. 13).
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The frequency of thrips over the whole period of observations has been visualized in Figure 14.

Comparing the number of thrips by time with the number of birds in a distance of 0-250 meters

(Figure 13), it stands out that especially for the weeks from the 24" of October until the end of the

No. of thrips observed by time
8000

7000
6000
= 5000
= 4000
5 3000

2000 I
1000

0 [ |
¢ P

N N @R @

Q/ QI \/ \l
N N N N
SR NN OO

hrips

No

7,
2.

Qq
SRR
N N N

Week

Figure 14: No. of thrips observed by time.

observations at the beginning of
December, there is a correlation in
abundance of thrips and abundance
of birds. This correlation is not so
strong in the first three weeks of the
observations.

Correlation analyses between birds
and thrips

We the correlation between the
number of birds and the number of
thrips. The statistical tests showed
evidence that there are correlations
to the abundancy of thrips for all birds

as well as migratory birds in 0-250 meters from the observer and 0-30 meters from the observer

(table 1).

Table 1 summary of the results of the correlation analyses between Thrip and bird abundance in 0-

30m and 0-250m for different bird groups and species.

Spearman correlation

BIRD (type, genus,

Normally 0-250m

species...) distributed? ,p

Spearman correlation
0-30m
r, p

White Wagtail
(Motacilla alba)
Water-Pipit
(Anthus spinoletta) no

r(100) = 0.47, p < 0,001

no r(100) = 0,53, p < 0,001
no r(100) = 0.48, p < 0.001
no r(100) = 0.31, p = 0.001
no r(100) = 0.25, p = 0.01
r(100) = -0.11,

no p=0.254

no r(100) = 0.25, p = 0.018
no r(93) = 0.4, p = <0.001

r(63) = 0.33, p = 0.007

r(100) = 0.39, p < 0.001
r(100) = 0.4, p < 0.001
r(100) = 0.13, p = 0.19
r(100) = 0.15, p =0.129
r(100) = -0.03, p = 0.798
r(100) = -0.09, p = 0.384
r(100) = 0.14, p = 0.175

r(93) =0.15, p=0.136

r(63) =0.11, p = 0.393



Migration phenology analyses

In the first week of observations in the fields from the 5™ to the 9t of October, there were already
over 150 birds counted. Abundances are fluctuating but peaking at abot 490 birds in week five from
30t October to 5" November. To the last week of observations, numbers are falling a little steeper to
around 80 individuals (Fig.15)
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Figure 15: No. birds as a function of date Figure 16: No. migratory birds as a function of date

Figure 16 displays the number of migratory birds observed over the same period of time in the same
time intervals with similar patterns peaking with 440 migratory birds at the end of October-beginning
of November.
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Figure 17: No. Red-throated Pipit (Anthus cervinus), Water Pipit (Anthus spinoletta) and White
Wagtail (Motacilla alba) as a function of the date. (Motacilla alba) has

been observed from the
second week of observations on, while the Water-Pipit (Anthus spinoletta) has first been observed
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from the fouth week of observations on, which was end of October. The graph shows, that the peak
of observations is different for the three species.

Environmental influences on the appearance of migratory birds in onion fields

Habitat structures

Water

The appearance of water was documented on in the categories none —temporary — intensive.
Intensive has never been reported. As the data was not normally distributed, a Mann-Whitney U-test
was conducted. It was hypothesized that there would be more birds in the fields if there was water
available.

The hypothesis, that there would be more birds if water was available than if no water was available
needed to be rejected towards the null hypothesis for this sample. There was not a difference in the
frequency of birds coming to the fields if water was available or not.

Perches

Perches were documented in the categories none — 1 to 5 - many. Here, too, it was investigated
whether the presence of perches makes the fields more attractive for migratory birds. It was
hypothesized that there is a difference in the frequency of birds for various numbers of perches.

No evidence could be found that birds prefer coming to the fields if there are perches available. For
the Red-throated Pipit (Anthus cervinus), the Kruskal-Wallis test and the following post-hoc test, the
Dunn-Bonferroni test showed evidence, that Red-throated Pipits (Anthus cervinus) prefer coming to
the fields, if there are no perches available than if a few perches are available. However, there were
just three counts with 0-5 perches, so it is doubtful, if the test is statistically evaluable. For the Water
Pipit, there were no counts with 0-5 perches and just one count with many perches, therefore, no
test could be conducted. The hypothesis, that there would be a difference in the number of birds
coming to the fields if perches are available needed to be rejected in favour to the null hypothesis,
there is no difference in the number of birds coming to the fields, if perches available or not.

5 Discussion

We found that mostly migratory birds feed on insects, while stopping in onion fields on their
migration route. This is an important indication that they are important for pest control, which was
also documented in several studies in India (Rajashekara and Venkatesha, 2014; Singh et al., 2019;
Upadhyay et al., 2019).

Mainly insectivorous migratory birds have been observed in the fields which suggests that the birds
come to the fields because of the insects present here, mainly Thrips tabaci. Which is also supported
by the finding that habitat structures like perches, water and shelter had no significant impact on
bird abundance in fields. The two most common genera observed in the onion fields were Anthus
and Motacilla. Both genera belong to the family of Moticillidae which contains migratory insectivore
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bird species (Svensson et al., 2010, p. 262). The impacts of Motacillidae in avian-mediated pest
control has already been reported in several studies in India, (Kumar et al., n.d.; Mandan et al., 2014;
Rajashekara and Venkatesha, 2014) where generally more Pipit and Wagtail species are present than
in the Middle East (Sullivan et al., 2009).

The three most common species within a radius of 250 meters are the Red-throated Pipit (Anthus
cervinus), the White Wagtail (Motacilla alba) and the Water Pipit (Anthus spinoletta).

Especially these for pest control relevant species have mostly been observed in or at the edges of the
fields. Other species as for example the omnivore White-spectacled Bulbul (Pycnonotus xanthopygos)
or birds of the genus Passer or the insectivore but resident Graceful Prinia (Prinia gracilis) were often
calling from bushes in the surrounding of the fields.

The analyses of the distribution of migratory and sedentary birds as well as the distribution of birds
of different feeding types in all distances showed, that over the whole time of observations, it was
mostly insectivore migratory bird species, that were observed in the fields which brings a high
potential for biological pest control services.

Our results about the varying bird abundances of different species throughout the season indicates
the important role migration phenology plays in avian-mediated pest control. The analyses of the
abundance of thrips over time shows similar patterns, indicating that birds can work as biological
pest controllers for thrips tabaci as their phenology of appearance in the region is similar.

Birds of the genera Anthus and Motacilla, were correlated to the number of thrips in the onion. The
three species that were correlated to the number of thrips in the fields were the Red-throated Pipit
(Anthus cervinus), the White Wagtail (Motacilla alba) and the Water Pipit (Anthus spinoletta),
indicating that these birds might stay in higher number inside the fields if they can find insect prey.
They are therefore potentially the most relevant species for pest control in the onion fields in the
Southern Arava.

The White Wagtail (Motacilla alba) has been reported as pest control agent in several studies
(Chougale, n.d.; Rajashekara and Venkatesha, 2014; Singh et al., 2019) and also the Red-throated
Pipit (Anthus cervinus) is known as pest control agent (Rajashekara and Venkatesha, 2014).

We hypothesized, that the pest controlling bird species are available during autumn migration time
as they use the fields as a stopover site before continuing their journey to the wintering grounds.
Which can now be even more specified based on the migration phenology analyses.

The comparison of the three species that were correlated to the number of thrips showed that
during the whole growing season of the onions, at least one of these species was present in the
fields, mostly it was all three of them. A difference in phenology was especially visible between the
Water Pipit (Anthus spinoletta) and the other two species. It has first been observed four weeks later
than Red-throated Pipit (Anthus cervinus) and three weeks later than the White Wagtail (Motacilla
alba) in the Eilot onion fields. Accordingly, its peak in the number of birds is also later than the peak
of the other bird species: It is two weeks later than the Red-throated Pipit’s (Anthus cervinus) and
one week later than the White Wagrail’s (Motacilla alba). Thus, the later peak of Water Pipits
(Anthus spinoletta) somewhat buffers the falling numbers of the other two species. This indicates the
importance of phenological differences between pest-control agents.

No evidence could be found that the abundance of birds is higher if there is water or perches
available. Nevertheless, especially White Wagtails (Motacilla alba) could regularly be observed
drinking out of water puddles, hinting that water availability is important but was never a limiting



factor throughout the data collection season. Data about shelter was not included in the analyses as
it is the onion leaves themselves that provide shelter and their height is correlated to the time of the
season.

Reflected results are initial results. The final outcome of the study including a comparison of data and
results for data sets from 2 years (2019 and 2023) are part of a Bachelor thesis which will be
submitted in May 2024. Data analyses is ongoing and final results will be ready in summer 2024.

For further research, it is suggested to talk with farmers if it is possible to establish a permanent
water supply for birds and perches for birds in the field itself. Now water puddles were just
permanently created by sprinklers. Perches, if available, were mostly at the edges and not in the field
itself. Also permanent shelter at the edges of the fields could be critical for birds in the early stages of
the onion growing season.
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Monitoring and managing bat houses for habitat enhancement

- mitigate overheating using ibutton sensors.
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1 Introduction

Bats are essential in ecosystems, pollinating plants and controlling insect populations. Climate change,
habitat loss, and other factors are declining worldwide. The first artificial bat shelters in European forests
were established in France in 1918 (Margaret & Lisa, 2000). Few studies have been published on the
effects of climate change on the bat box microclimate, and little is known about the effects of different
materials on the internal temperature. European publications report that bats prefer wooden concrete or
wooden boxes (Garazi et al., 2018) and that the occupancy of wooden boxes was 20% higher than
wooden boxes. The specific effects of color, pattern, microenvironment, and orientation on the indoor
temperature in arid and semi-arid areas, where summer temperatures often reach 40 °C, have been poorly
studied. Studies have shown that temperate females prefer warm enclosures after birth (Tomas &
Zdenek, 2007).

Bats are fundamental in ecosystems as natural pest control agents and help maintain biodiversity (Jones
et al., 2009). In the Arava region, bats can serve as valuable pest control tools, particularly for crops
such as dates and other agricultural products. However, the suitability of bat roosts, especially
overheating roosts, has yet to be thoroughly investigated. This research project aimed to fill this gap and
support local farmers in choosing suitable bat roosts. Bats perform essential ecological services such as
insect control due to their insectivorous diet, seed dispersal, and pollination. They are crucial in
maintaining ecosystems’ balance and contributing to biodiversity. They eat many insects, including
agricultural pests, reducing dependence on chemical pesticides. Harnessing their natural predatory
abilities can provide sustainable pest control solutions. Bat houses are artificial roosts designed to attract
and house bats. They can be strategically placed in agricultural areas to increase bat abundance and
encourage roosting, optimizing your pest control services. The Arava region experiences extreme heat,
which challenges bat houses. These structures can become heat traps, leading to overheating and
threatening the well-being and success of bats. This research will address this issue and identify suitable
bat houses for Arava’s local bat species and climate. The southern Arava is home to 16 insectivorous
bat species. Thirteen species have been foraging in agricultural sites like date plantations and melon or

pumpkin fields.

2 What is known from literature.

Lourenco and Palmeirim report that females in maternal colonies avoid temperatures above 40°C (Sofia
& Jorge, 2004). Recently, high mortality during overheating of bat roosts has been recorded along the
east coast of the Iberian Peninsula. Indeed, the growing risk of overheating due to high summer
temperatures in arid regions can turn traditional bat boxes—often intended for use in more temperate
countries—into ecological traps (Carles, Ignacio, & Ramon, The value of bat boxes in the conservation

of Pipistrellus pygmaeus in wetland rice paddies, 2006). Young pups are born in summer, and the
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temperatures in the box can be pretty high. Outside the box, they would suffer even more from
dehydration as they would no longer have a shelter to protect themselves from the sun's rays. In such
situations, bats could not escape these boxes, reducing their chances of survival. Bats living in extremely
arid areas are particularly vulnerable to the effects of climate change, as their large body surface area
can cause them to suffer from dehydration, which can cause them to lose enormous amounts of water
when overheating. Therefore, there is a need to improve the construction and use of bat roosts in these

regions to avoid new episodes of bat mass extinctions (Carles et al., 2014).
Aims and Objectives

The main objective of this project is to create bat houses suitable for southern Arava's climate and for
the local bat species to provide bat house-building guidelines for farmers for desert agriculture to

enhance bio-pest control by bats.
The main project aims are:

1. Monitor the temperature in bat boxes created as part of another project with ibutton sensors to

determine overheating and suitable roosts.

2. Analyse obtained data from 2 years to identify temperature patterns or trends related to

environmental or other factors.

3. Develop recommendations for bat roost management to reduce the risk of overheating and
promote healthy bat populations and enhanced biological pest control.

The project aims to provide valuable information on the temperature in bat roosts and their impact on
bat populations. The results will be used to develop strategies to reduce the risk of overheating and
promote healthy bat populations. The project will also help protect bat populations in the region and

raise awareness of the importance of bat conservation.

3 Methodology and Materials

The research is conducted on the Southern Arava Research Center farm. The methodology for this
research project involves a comprehensive literature review in gathering knowledge on roosting bat
preferences and thermal requirements, as well as previous studies on bat boxes in similar climates. Fifty
artificial bat roosts were installed across three different sites in the MOP Research Farm in Yotvata,
Israel, in spring 2022. The sites included the Marula plantation with six experimental roosts, the Date
Palm plantation with 14 experimental boxes, and the Mixed Palm Trees plantation with seven
experimental roosts. These sites were chosen to represent different plantation settings within the Arava
region. The bat houses encompasse six designs, including Kent bat houses with chambers, pipes

(hollows), small boxes, big boxes, and ventilated funnels made from boards and concrete houses. The
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construction of the bat houses was carried out based on established plans and guidelines. To monitor the
temperature in the artificial roosts, we used compact (16 mm diameter, 6 mm thick, 2.9g) temperature
loggers (iButtonl DS1921G-F5 and DS1922L) that record and store the temperature data (range; 40-
85 °C) (Sutti & Allan, 2014), with data collected at half-hour intervals throughout the research period
from April to June. Ibutton sensors are small, inexpensive devices that can record temperature data every
30 minutes for several months. They are easy to install, use and maintain, making them ideal for
monitoring temperature in bat boxes. The sensors will be placed in the bat boxes and secured against
slipping or falling over by taping them on bamboo sticks. Ibutton technology has made significant
discoveries and provided new data on changes in microclimate and body temperature that would
otherwise be very difficult to obtain. This comprehensive methodology will systematically evaluate the
thermal conditions in the bat roosts, considering various designs, color, and their effectiveness in the
different plantation settings within the Yotvata Research Model Farm.

The collected temperature data is being managed and analyzed using the Maxim Integrated One-Wire
Viewer software and Microsoft Excel or Google Sheets. The data analysis will be performed using a
statistical analysis of the temperature data to determine if the temperature in bat boxes is outside the
optimal range for bat survival and reproduction. Regression analysis identifies patterns or trends in data
related to environmental or other factors such as house design, color, location, or ventilation. The data
will be presented using graphs and tables to show the difference and significant changes that will be

observed.

4 Result

We checked which bat houses surpassed the temperature limit of (40°C) to determine which were
overheating and which remained below the limit. This analysis did not provide noteworthy results, as
each bat house either overheated or there was an error in the data collection. The graphs show
overheating in every plantation, however there is a slightly lower temperature in the Marula plantation

(figl and 2). This is most likely due to the shadier nature of the trees.

We then compared the sum of overheating events in every house, organized by location and coded by
color. Again, our data suggests that the Marula bat houses overheat less often, likely due to the shade.
We further condensed our analysis by comparing color and house type so we could determine which
house would perform best under the Arava Desert conditions and might be suitable for future

investigation.
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Figure 1. temperature in the different bat houses in date plantation. Every bat house overheated during
the time of the experiment.
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Figure 2. temperature in the different bat houses in Marula plantation. Every bat house overheated
during the time of the experiment. Temperatures are slightly lower than in the date plantations

When analyzing the effect of colors on temperature, we did not include the concrete block as it
overheated 117 times during the study, far higher than the average overheating events of any other
color. In comparing the other colors - white, brown, gray, and blue - we found that blue and gray
performed the worst with an average of around 85 overheating events since September. Brown was
slightly better, with an average of 62.5 overheating events, and white performed best with an average
of 46.28 overheating events during the study.
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When breaking down the analysis by house type, we found that S-Type, board type, and ventilated
funnel models overheated the most, with averages of over 80 overheating events. T-Type had an
average of 52.667 events. The best house types for cooling were the pipe houses and the Kent bat
houses. The pipe houses had an average of 48.5 overheating events throughout the course of the study
and the Kent houses had an average of 40.6.

Overheating Events in White Bat Houses
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Figure 3 White bat houses and their overheating events.
Overheating Events in Kent Bat Houses
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Figure 4 Overheating events in Kent bat houses. The bat house with the least overheating events.

5 Discussion
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For ideal roosting climate temperatures should not be higher than 35C and should not be higher than

38C to ensure safe climates for bats.

Our total findings suggest that all bat houses overheat when placed in the Arava Desert climate. This
means that the current bat house styles in use, as well as the different colors, may not be suitable for
bats in this region. The design that overheats the least is the Kent Bat style, however to prevent the
possibility of any overheating, experimentation on possible improvements to the initial style should be
done. The concrete design overheated the most, which suggests that it should be disregarded as an
option for a suitable living space. Additionally, the findings suggest that the white bat houses had the
least overheating, while the brown houses overheated the most. We conclude that the most viable
house option would be a white, Kent Bat house as that color and style maintain the lowest cases of
overheating. However, since we surveyed fewer pipe style bat houses, it’s possible they are both

viable options.

Future research may need to include the possibility of passive and active cooling of the bat houses. For
now, we do not recommend to install bat houses in hot desert climates since they may act as heat traps

rather than improve the habitat for bats.
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Wildflower Strips to Support Biodiversity in Desert Agriculture and Enhance Biological Pest
Control and Pollination
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Abstract

Israel’s Arava desert, a hyper-arid ecosystem, is characterized by intensive agriculture, causing
reduced biodiversity and loss of related ecosystem services in agroecosystems. Wildflower
strips adjacent to agriculture are a known method to enhance biodiversity but a new concept to
arid environments.

The goal of the presented study is to enhance ecosystem services of pollination and biological
pest control by introducing wildflowers to desert agriculture. We planted flower strips of native
desert plants alongside date plantations would work well in an agricultural setting and to test
which plants would be most attractive to pollinators and parasitoid wasps. We studied the flower
strips through insect-flower observation, suction samples, and camera traps. Data from fall and
spring 2023 are compared.

Our results show that some native desert plants such as Aaronsohnia factorovsky have a high
potential to enhance biodiversity in agroecosystems. There is a higher abundance of parasitoid
wasps in spring, yet there still is parasitoid wasp presence in fall. Our findings will contribute to
sustainable desert agriculture and give farmers an easy-to-use versatile tool to use ecosystem
services efficiently.

1. Introduction

Agricultural intensification is a driver of global biodiversity decline, leading to a loss of
ecosystem functions such as pollination and biological pest control (Balzan et al., 2016). This
decline is primarily attributed to the increased use of monocultures and chemical inputs like
fertilizers, pesticides, and herbicides. These practices simplify agricultural systems, resulting in
a significant reduction in the diversity and abundance of natural enemies and pollinators in
agroecosystems (Rusch et al., 2016). Consequently, the natural landscape degrades to the
extent that it can no longer sustain healthy pollinator populations, reducing the pollination
services essential for flowering crops (Gill et al., 2016).

The current global agricultural system, despite yielding increased production, causes
widespread habitat loss and degradation (Rundlof et al., 2022). There is, therefore, a crucial
need to restore biodiversity and ecosystem services within agriculture. This restoration can be
achieved through farming practices that specifically enhance biological pest control and
pollination. In order to reverse the simplification of the agricultural system and decrease farmers'
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on external inputs, it is important to understand how to restore these ecosystem services.
According to Zehnder et al. (2007), two strategies are of particular interest: (i) provide habitats
supporting pest enemies that have the ability to perform predation and parasitism, and (i)
complicate the search of host plants by pests. This research focuses on both of these
approaches.

This research project explores the commonly proposed strategy of planting wildflower strips
adjacent to farmland to provide habitat for biological control agents and pollinators. The
research occurred in the Arava Valley hyper-arid desert.

The Arava valley

The Arava Valley is located on the Israeli-Jordanian border, between the Dead Sea in the north
and the Gulf of Agaba in the south (Ginat et al., 2011). The valley is long and narrow and
divides the Edom Mountain Range in the east from the Negev and Eilat Mountains in the west
(Ostreicher, n.d.). It has a hyper-arid climate and it is characterized by a continuous lack of
water, stemming from the very few permanent sources of water and a low level of precipitation.
Additionally, the climate is immoderate and experiences high air temperatures (averagely >23
degree; summer average 31 degree) and strong radiation (Ginat et al., 2011).

Despite the extreme conditions, there are several productive agricultural communities, which
produce crops such as peppers and melons. Date palm plantations dominate the region and are
a prime source of income and livelihood of the kibbutzim communities.

The intensification of agricultural practice by means of irrigation and the construction of road 90,
next to the establishment of kibbutzim, have led to a significant change in the hydrology (Ridder
& Gallée, 1998). The Arava is naturally characterized by flash floods in the winter, with which
flower seeds would flow into the flood channels and then grow. Due to the change in landscape
and removal of vegetation, the original flooding areas are altered to an extent that floods carry
water, soil and seeds directly to drainage canals. This results in little water being taken up by
the land and a loss of wild flowering areas and biodiversity (Yom-tov, 2013).

The establishment of wildflowering strips in Arava plantations can recover some of the lost
biodiversity and increase pollination and natural pest control in agriculture. While flowering strips
are known to be successful in more moderate climates, there is no knowledge about the
applicability and efficiency of the wildflower strips approach in arid systems. Therefore, this
research internship focuses on the Arava valley and consists of multiple experiments with
planting a variety of wild flowering plants adjacent to crops such as the date tree.

Wildflower strips

According to research, wildflower strips can promote different aspects of farmland insect
biodiversity and provide a habitat for natural pest enemies (Haaland et al., 2011; Korpela et al.,
2013). They provide food such as nectar and pollen to pollinators and natural pest enemies, and
they offer shelter for parasitoid hosts and insect diversity. (Korpela et al., 2013). Wildflowering
strips also help promote conservation of native desert plants. Certain flower species are sources
of herbal medicines and food and can be valuable additional harvests.
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Pollination

One of the most important ecosystem services performed by insects is crop pollination. Insects
together with all other pollinating animals are responsible for 75% of the world’s crops (Klein et
al., 2007). The dominant species for crop pollination services are bees, followed by bats, birds,
moths, flies and other insects. It is increasingly being supported by research that the
conservation of habitats for wild pollinators alongside agriculture enhances both the stability and
the level of pollination within the planted area. This results in an increase in yield and therefore
income (Klein et al., 2003). Pollination depends on the management and the surrounding
landscape (Tilman, 1999). Insect activity is also highly seasonal and impacted by both
temperature and rainfall (Argueta-Guzman et al., 2022).

Biological pest control

Date palm plantations in the Arava are managed as large monocultures, with hardly any
vegetation growing underneath the trees. One of the main pests in this system is the lesser date
moth Batrachedra amydraula (Lepidoptera: Batrachedridae) which borrows into the date fruits
early in the season and causes significant yield loss (Blumberg, 2008). More than ten parasitoid
species are known to attack this species and therefore shown to be an important biological
control agent of this pest in date plantations in Oman (Polaszek et al. 2019). Biological control
services by this and other parasitoids may be enhanced by supplementing the plantation with
nectar-producing plants.

Parasitoids are insects (mainly wasps) that lay their eggs in or on the body of another arthropod.
Their offspring develop while feeding on the body of the host, eventually killing it, and emerging
as adults (Godfray 1994). Parasitoids have high importance as regulators of insect populations
in natural systems (Kidd & Jervis 2007), as well as in agricultural habitats where they often
attack agricultural pests (Hajek et al. 2004). However, parasitoids are not always efficient in
controlling pest populations. Part of the reason may be that they lack important resources such
as food, shelter, and alternative hosts, inside agricultural fields (Rusch et al. 2016). For
example, adult parasitoids often feed on sugar sources such as flower-nectar to extend their
lifespan (Kishinevsky et al. 2018, Segoli & Rosenheim 2013). Hence, the preservation and
supplementation of non-crop vegetation, and in particular of flowering plants, has been
suggested as a means to enhance parasitoid populations and thereby promote the biological
control services that they provide (Barbosa 1998, Landis et al. 2000). Parasitoid wasp
communities exhibit seasonal changes in abundance, species composition, and functional
diversity due to shifts in temperature, pest host activity, and crop planting (Osorio-Canadas et
al. 2018).

The southern Arava is located on one of the world's busiest bird migration routes with hundreds
of thousands of birds stopping over every autumn and spring. Many of the migratory birds need
to refuel in the Arava before or after crossing the Sahara Desert (Shirihai et al. 1996). Before
the massive impact of human development in the region, migratory birds used natural habitats
such as salt marshes and flowering dry riverbeds as their main stopover sites. Birds provide
biological pest control services (Kross et al., 2016) in various field crops (Karp et al., 2013) and
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have significant economic value (Kellermann et al., 2008). Placing flowering strips next to fields
might increase the pest control service birds provide to agriculture.

Rewilding and introducing flowering strips will potentially help all these species that rely on wild
flowering as habitat. Insects, bats and insectivorous birds would find shelter and feed on nectar,
pollen and refuel on insects (Schmidt, 2022; Vickery et al., 2002).

Research Goals and Objectives

Most studies about flowering strips are conducted in agricultural landscapes of Europe, but little
is known about arid areas, even though flowering habitats may as well be one of the main
resources for biodiversity in these areas. Our study therefore addresses this lack of knowledge
and studied several flower combinations and insect groups that are potential service givers to
agriculture. Our overarching objective was to enhance agricultural areas for pollinators,
biological pest control agents such as parasitoids, with the use of wildflower strips.

The study gives an indication whether wildflower plants native to the southern Arava have the
potential to create ES-supporting wildflower strips for agricultural areas, in this hyper-arid desert
environment. The research may also help to understand how the strips change over the year
and how to manage the strips.

The following objectives guide the research:

- How (successfully) do native flower species grow, in both pots with potted soil, and in the
soil adjacent to farming fields, connected to the given irrigation system.

- Understanding the attractiveness of wildflowers for the ecosystem service providers:
such as pest biological control agents and pollinators

- Understanding the seasonal changes of flowering strips and the insects that use them

With the following main research questions:

e Which combination of local wild flowering plant species is suitable for agricultural
flowering strips?
Which service providers use wildflower strips (pollinators, parasitoids, birds, bats)
Are flower strips effective in specific seasons or year-round?



2. Methods

The research so far is conducted at the Southern Arava R&D farm (Red
Dot), which is in between Kibbutz Yotvata and the Jordan border and
borders agriculture land and sand dunes. The experimental farm largely
consists of date plantations, and it also contains citrus orchards and
smaller scale projects.
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Data collection consisted of four different parts: insect-flower observations,
parasitoid suction samples, camera traps, and seed germination. Image 1
presents a picture of the farm.

Plant germination, development and flowering

Experiment 1

A collection of fourteen different plant species (appendix |) were used for
this experiment and were seeded in pots in a nethouse (figure 2), at the
Arava R&D farm (MOP). And received irrigation for half an hour every
morning.

Figure 1: location of study site

= S

‘Ifighre 2: pots in nehdué

The plants that started flowering, were placed outside when they were peak blooming. Which was
for some plants after 1-2 months, and for some after 4 months. Every time a plant would flower,
it would be placed outside, continuing throughout the entire season. Once outside, data collection
about the pollinators and biological pest control agents started.

Experiment 2

For the second experiment, we obtained seeds from the Israeli Gene Bank. The seed selection
was based on previous research, about all the naturally growing flowers in the region. This
selection of seeds also was potted in a net house with irrigation, divided in four pots for every
species, with 10 seeds per pot (figure 3).
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By the time they were flowering, they were placed outside,
to start the data collection of the insect abundance (figure 4).

Figure 3: flowering plants in nethouse Figure 4: flowering plants in plantation

Experiment 3

In the third experiment we were sowing the seeds from the flowers that were successful in
experiment one, directly in the ground (figure 5). After four/five months, a fully grown flower strip
was established. Surprisingly, some of the seeds that grew well in the pots, did not germinate
within these five months. The seeds that were sown in the ground:

1. Rumex Cyprius,

Echium judaeum,

Lavandula pubescens Decne.,

Lavendula Stoechas L.,

Centaurea crocodylium L.,

Baileya Multiradiata,

2
3
4
5. Aaronsohnia factorovskyi,
6
7
8

Lotus Lanuginosus,

9. Silene Vulgaris.

Of these flowers, only 5 species (underlined) germinated and = { N el
flowered in the soil. Of the three Figure 5: Flower strip directly sown into the
strips in the soil, the two in the full sun were more successful. ~ Soil of the plantation.

The strip in shade was more impacted by weeds and had a

lower diversity (figure 6)
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Figure 6: locations of flower strips of which 1 and 2 received more sun while
3 was more shaded. Net house location is indicated by Seed Germination.
Flower field was used for data collection in fall.

Data collection Spring 2023
Plant germination, growth and flowering

The first part focuses on germination success, growth rates, and flowering periods of the different
plant species. The second part focuses on monitoring the abundance of (beneficial) insects, such
as pollinators and biological pest control agents.

Collecting data on the growth process allowed us to understand which of the seeds germinate,
and flower, and within what time frame. This information is useful to create a flowering strip that
is not only ecologically beneficial, but also economic. Therefore, an additional aspect of focus was
to obtain the seeds are, by contacting (local) seed banks in the region.

The flower growth data collection was performed once a week according to the following table
(table 1):

Table 1: data collected about flowers in nethouse growth experiment

Treatment Flower Growth in | Percentage | Number Date start | Number
nr. name cm of pot that is flowering
covered of shoots of flowers
Date with plant

Insect data

The data collection started with a substantial amount of plants flowering. The pots were all placed
outside adjacent to the date plantation.



We collected data about of pollinating insects, and the amount of pest-controlling insect
abundance and species richness monitored on, and around the flowers. The monitoring was done
in two ways, using a different technique for the pollinators than for the pest natural enemies. For
the pollinators, observations were done with the eye, according to the following protocol:

e Three times ten minutes in the morning, and three times ten minutes in the afternoon,
once per week. For this the following table is used and filled in (table 2):

Table 2 pollinator data collection

Date Time Temperature in | Wind Family of | Size of | Flower Comments
degrees °C speed insect insect that insect
(low, was seen
medium, on
high)

As for the pest natural enemies, mainly referring to parasitoids, we used suction sampling to
assess parasitoid abundance, and richness. For this we used the Vortis Insect Suction Sampler.

The insects that were collected with the vortex are not released but kept for identification, since
they can be very small and need to be send to the lab to be identified.

The frequency of sampling was once a week, for 10-20 seconds, making sure every flower is
visited with the Vortis Insect Suction Sampler. The collection tube is partly filled with ethanol so
that the captured insects are preserved after which the tubes are saved in a freezer until
identification.

Data collection Fall 2023

Insect-Flower Observations

We conducted insect-flower observations at the flower strips during October and November and
observations during November and December at the flower field, which is a part of a separate
project in which tens of flower species were planted in individual rows during September 2023
(figure 6). The species that were native to Israel’s Arava or to a Middle Eastern desert climate
and were in bloom were monitored.

Aaronsohnia factorovskyi,

Baileya Multiradiata— Desert Marigold
Anastatica hierochuntica— Rose of Jericho,
Asphodelus fistulosus— Onionweed

Echium judaeum- Judean Viper's-Bugloss,
Scabiosa palaestina—

Silene aegyptiaca— Egyptian Campion,

NooakwdrE

The flower strips were monitored for 10 minutes each and the flower field rows were monitored
for 5 minutes each. A smaller observation time was selected due to the uniformity of the rows.
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Table 3: This table was used to collect data on both sets of flowers.

Date| Time| Temperature °C | Wind (low, | Insect | Size of insect (tiny: <3mm, Flower
med, high) | Order | small: 3-10mm, medium: 10- | visited
20mm, large: >20mm)

Parasitoid Suction Samples

We utilized the ‘Vortis’ insect suction sampler to collect natural pest predator specimens and
collected samples a few times a week between October and December from the flowering strips
only. We noted the temperature and morning/afternoon at time of collection. To obtain a sample,
we would pass the vacuum over all of the flowers in the strip for 30 seconds. The storing of
samples was according to the spring protocol

We sorted the samples with a stereo microscope, identifying insects to their order and recording
abundance. Parasitic wasps, in the hymenoptera order, were saved for further investigation.

Camera Traps

W set up one motion detection camera in October next to each
flowering strip to record potential bird and mammal activity and
interaction. In placing the cameras, we ensured that the whole
strip as well as some of the surrounding area were within view.
After one month, we collected and replaced the memory cards. A
scan of the collected footage revealed that the movement of the
tall grasses in the wind was caused near constant photography.
To minimize clouding the data, we trimmed the grass weeds.
Cameras were then in place for another two months.

Seed Germination

Seven species that did not germinate or grow successfully during
the first testing round in spring, were selected for a second
attempt. The species include:

Figure 7: Camera trap facing a flower strip

Asteriscus graveolens
Volutaria lippii
Pulicaria incisa
Reseda stenostachya
Tetraena simplex
Trichodesma africana
Zilla spinosa

NooakwdE
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We planted 8 seeds of each species, each in their own pot, in a mixture of 50% sand and 50%
soil. The pots were kept in the nethouse and were irrigated three times a day for 20 minutes at
7:00, 15:00, and 23:00. We then monitored the plant growth once a week.

Data analysis

The data is collected and analysed in excel, making use of (pivot) tables, charts, and graphs.
The pivot tables, charts and graphs are used to draw connections and relationships among the
different variables. We looked at the growth processes of the flowers, what insects are attracted
to what flowers, and how wind and temperature influence this. When it comes to the flower
growth process, we focus on germination success, the time frame between seeding,
germination, and flowering, and how long the flowering lasts.

Ultimately, conclusions can be drawn about which flowers are the most suitable to be used in a
flowering strip and should be further researched.

3. Results
Spring 2023
Flower growth processes
The majority of the seeds (11 out of 14) that we obtained locally, germinated. Graph 1 shows
the growth process, portraying the growth of the stems of the plant in centimetres. On the right
there is a list of all the flower species that germinated.

Flower growth October-lanuary

300 = faronschnia factorowsky
Baileya Multiradiata
Centaurea crocodylium L.
Echium judaeum Lacaita

== Lavandula pubescens Decne.

= Lavendula Stoechas L.

cm

== Lotus Lanuginasus
= atricaria recutita L
= Rumex Cyprius

w— Shimson Cain

= Zilene palaestina Boiss

Flower growth in

Figure 8: Plant growth of different species over several months



After about a month, the first plants started
flowering, which were both from the same
family: the daisy family. Both plants produce
yellow flowers, of which one has white petals
and the other has no petals (Figure 9).

The annuals Aaronsohnia factorovskyi and
Matricaria recutita L. germinated the soonest . !
after seeding. Yet in experiment three, in the soil, these two did not germinate yet after five
months. These two, including the perennials Lavandula pubescens Decne. and Lavendula
Stoechas L. were very successful in the pots. They attracted many insects (see below) and
grew fast, with a long period of flowering. Yet, these four, including the annual Rumex Cyprius,
did not germinate in the strip outside in the soil. The Silene vulgaris, Echium judaeum Lacaita,
Baileya Multiradiata and Lotus Lanuginosus, on the other hand, did germinate and flower
withing 3-5 months outside in the soil.

Table 4: Tested plant species and their germination, growing and flowering times

Flower species Date Weeks Date start | Time Date end
Germinatio | from flowering flowerin | flowering
n germination g
to flowering
Aaronsohnia factorovskyi | 22/10/2022 | 5 weeks 29/11/202 | 15 13/03/20
2 weeks 23
Matricaria recutita L. 22/10/2022 | 5 weeks 29/11/202 | 15 13/03/20
2 weeks 23
Lavandula pubescens 22/10/2022 | 8 weeks 19/12/202 | 14 End
Decne. 2 weeks March
Lavendula Stoechas L. 22/10/2022 | 8 weeks 19/12/202 | 14 End
2 weeks March
Rumex Cyprius 22/10/2022 | 8 weeks 19/12/202 | 12 13/03/20
2 weeks 23
Silene vulgaris 22/10/2022 | 9 weeks 26/12/22 13 End
weeks March
Echium judaeum Lacaita 22/10/2022 | 10 weeks 02/01/202 | 10 13/03/20
3 weeks 23
Baileya Multiradiata 22/10/2022 | 12 weeks 19/01/202 | 13 End April
3 weeks
Lotus Lanuginosus 22/10/2022 | 14 weeks 10/03/202 | 7 weeks | End April
3
Average: Average
8.7 weeks 1125
weeks
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The total amount of flowers increases for most species after 2-3 months, and starts stabilizing
after 3-4 months. Interestingly, the Lotus lanuginosus (Lotlan), did not flower within these four
months, but only started flowering after. While in experiment three in the soil, this was one of the
few that germinated and started flowering within four months.

Flower growth (January — May 2023)

We seeded 15 species of local flowering plants. The seeds were obtained from the Israeli gene
bank.

In this experiment, we had a specific number of seeds per plant species. On average 3.7 seeds
per 10 seeded seeds germinated.

Table5: number of successfully germinated seeds per species per 10 seeds

Row Labels

Average of Amount of shoots

Avena sterilis L.

1.931034483

Diplotaxis acris (Forssk.) Boiss.

1.814814815

Erucaria microcarpa Boiss. 3.657142857

Fagonia mollis Delile 1
Launaea nudicaulis (L.) Hook. f. 5.25
Ochradenus baccatus Delile 6.297297297

Phalaris minor Retz 1
Pulicaria dysenterica (L.) Bernh. 1.628571429
Solanum nigrum L. 7.964285714

Trichodesma africana (L.) Lehm 1
Volutaria lippii (L.) Cass. ex Maire 1
Zilla spinosa (L.) Prantl 1

1.555555556
3.662745098

Zygophyllum simplex L.
Grand Average

Germination dates largely differed, even among the same flower but different pot. Yet, the
average amount of time from germination to flowering, comes down to almost the same as in
our pre-study in fall 2022.

Thirteen of the fifteen species germinated (Figure 10), yet only eight flowered in this experiment.
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Plant growth in cm January - May — fyena sterilis L.

- Diplotaxis acris (Forssk.)
Boiss.

= Erucaria microcarpa Boiss.
Fagonia mollis Delile

= Launaea nudicaulis (L]
Hook. f

- Dchradenus baccatus
Delile

=== Phalaris minor Retz

= Pulicaria dysenterica (L.}
= Bernh.

= = Solanum nigrum L.

= — Trichodesma africana (L.}
E Lehm

= — WfOlutaria lippii (L.) Cass. ex
] Baire

= Filla spimosa (L) Prantl
— Fygophyllum simplesx L.

Figure 10: Growth of plants that germinated in the potted experiment

Insect attractiveness
Figure 11 reflects the insect abundance, including the pre-experiment and the following
experiment until May 2023.

Count of insect family per flower October - May

W Ants
all W EBes=
. B Bug
Zygophyllum simplex L. [ 1] Bumblehes
Saolanum nigrum L. LB M Butterfly
Avena sterilis L. | M Caterpillar
B Crwarf honeybes
Launaea nudicaulis (L.} Hook. £. | IEEE— mFly
Erucaria microcarpa Boiss. L B W Green moth
Diplotaxis acris [Forssk.) Soiss. R W Hairy bestlz
M Hornet
Lavandula pubescens Decne. NN
" P W Housefly
.E Shimson Cain ] W Hoverfly
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g Echium judaeum Lacaita N Parasitoid Wazp
©  Lavandula coronopifolia Poir. I [ M Tubermoth
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Silene Vulgaris I W Wasp
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Lotus Lanuginosus | I .
Baileya Multiradiata TN 1
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Figure 11 insect abundance on different flower species
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According to our findings:

+ Yellow and white flowers (Erucaria microcarpa Boiss. &
Aaronsohnia factorovskyi,) seem the most attractive for
insects.

< The Hoverflies are the most abundant insect group,

followed by wasps, the bees and the flies.

Parasitoid wasp have been spotted a few times on among others
the Erucaria microcarpa Boiss., and on the Zygophyllum simplex
L. (figure X).

Figure 12: Insect on flower

Insect abundance over time
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Figure 13: Abundance of different insect groups along the time line

The insect abundance increased during spring and started to go down when summer started
(figure 13). Wind at the day of data collection, influenced the count and the distribution of the
insects abundance. During times with ‘low’ wind the total amount of insects is much higher, in
comparison to ‘high’ wind levels. Additionally, the diversity of insects is higher during times with
low and medium wind levels.

Fall 2023

Flower Strips

2 out of the 3 flower strips seeded at the start of 2023 remained viable by September 2023. In
full shade Strip 3, soil was over saturated with water, reed weeds grew dominant, and the native
desert plants did not establish. In full sun Strip 2, Lotus lanuginosus was the only remaining
wildflower, blooming for the full period of observation and completely covering 50% of the strip.
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Weeds covered the remaining half of the strip. Starts of Echium judaeum and Silene vulgaris
were transplanted into Strip 2. The plants established, yet growth was stunted and flowers did
not bloom during the observation period. Partial sun Strip 1 supported Lotus lanuginosus and
Baileya multiradiata flowers and the plants of Echium judaeum and Silene vulgaris without
flowers. Lotus lanuginosus had drastically reduced flowering by the end of the observation
period.

Insect-Flower Observations

Flower Strips

We recorded a total of 402 insect-plant interactions in the flower strips. 196 interactions were
observed in Strip 1 and 206 interactions were observed in Strip 2. Lotus lanuginosus had the
highest number of insect visits. Butterflies were the most common insect, responsible for 25% of
plant interactions. Figure 14 presents the combined Strip 1 and Strip 2 insect-plant interactions.

B butterfly
B bug

ant
Baileya multiradiata m fy
B ladybug

@ hoverfly
spider
Echium judaeum [ grasshopper

wasp

Flower Visited

drone fly

bee
mantis
horsefly

cricket

Lotus lanuginosus

catipillar

0 100 200 300 400 beetle

# of Insects

Figure 14: Fall plant-insect interactions, total abundance of observed insects on plants.
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Figure 15 and Figure 16 depict the abundances of the different insect groups visiting the flower

strips throughout the observation period.

Abundance

= ant

= bee
bug

== butterfly

== catipillar

== drone fly

- fly
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== hoverfly
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mantis
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Date
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\/ / / == mantis
o 1 spider
10/22 10/29 11/5 11/12 11/19 11/26 == wasp
Date

Figure 15: Flower strip 1 insect abundance over time

Flower Field

Figure 16: Flower strip 2 insect abundance over time

We recorded a total of 494 insect-plant interactions in the flower field. Aaronsohnia factorovskyi
and Anastatica hierochuntica were the most visited plant species, and Echium judaeum was the
least frequented. Flies were the most abundant insect, responsible for 32% of all visits. The two
next most common insects were bugs and then wasps.

Figure 17 presents the total insect-plant interactions according to the different flower species

and insect orders.

Aaronsohnia
factorovskyi

Anastatica
hierochuntica

Asphodelus fistulosus

Scabiosa palaestina
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Silene aegyptiaca
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T e
wasp
B butterfly
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100 150 200 grasshopper
leafhopper
# of Insects beetle

Figure 17: Fall insect-plant interactions, flower field abundance.

Figures 18 and 19 present abundance timelines of flower visitation and insect activity

respectively.
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Figure 18: Fall insect-flower interactions, flower field over time
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Figure 19: Flower field insect abundance over time fall 2023

Parasitoid Suction Sample

26 samples were collected from the flowering strips, 13 from each strip. To date, 11 samples
have been sorted. A total of 898 insects were identified. Diptera was the most abundant insect
species, 25% of the total sample. 25 parasitoid wasps, 2.8% of the sample, were identified.
Figure 20 presents the relative abundance of insect groups from the suction sample.
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Orthoptera
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Figure 20: Fall 2023 suction samples insect abundance and richness for
flower strips
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Figure 21: Fall 2023 parasitoid wasp abundance in suction samples of flower
strips.
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Figure 22: Spring 2024 relative insect abundance in suction samples of flower
strips.

Figure 21 presents the
parasitoid wasp
abundances throughout
the sampling period.
Strip 2, maintained a
higher wasp abundance.

Additionally, 4 samples
collected from the
Spring 2023 flower strips
were sorted. 164 insects
were identified.
Homoptera was the
must abundance group,
26% of the total sample.
27 parasitoid wasps,
16.4% of the sample,
were identified. Figure
22 presents the relative
abundance of all insects
sorted.

Camera Traps

The camera traps
recorded many forms of
animal activity beyond
insects at the flower
strips. Strip 1 featured
multiple instances of
fox and jackal presence
(image 2). Strip 2
featured moderate bird
activity including
perching and feeding.
Image 3 depicts a bee-
eater chasing a
butterfly.
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Image 2

4. Discussion
Flowering plants and flower strips

Some plants that did not do well in the potted soil in the nethouse experiment did well in the flower
strips sown directly into the plantation outdoors. This may indicate that these plants are very well
tailored to the outdoor condition which are hard to imitate in pots in nethouses. We since decided
not to continue nethouse experiments for growth but just use the nethouse to create a seedbank.

On average we found that 3.7 seeds per 10 seeded seeds germinated, meaning that in the
flower strip it is important to seed more seeds than the amount of flowers needed.

The flower strips with partial to full sun exposure remained viable 8 months after planting, while
the strip in the shade did not. Water pooled in the shaded strip, causing plant rot and reed weed
dominance. Weed maintenance of about 1 hour per plot was still necessary at the start of the
fall season. A possible solution would be to turn off the irrigation during the summer months to
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kill off the weeds and preserve the native plant seeds and roots. If direct seeding to begin a strip
or natural reseeding for a season are unsuccessful, transplanting is possible yet its impact on
flowering is unknown. Three topics for future investigation are 1) Impacts of year-round irrigation
on flowering time, 2) how flower strips grow over years and influences of perennial and annuals
(Blaauw & Isaacs, 2015; Pellissier & Jabbour, 2018), 3) impacts of strip size on insect
abundance (Pfiffner, et al., 2003).

Insect-Flower Observations

In spring several plant species grow and flowered, and the most attractive ones for insects had
white or yellow flowers. In the flower strips that thrived throughout the year and were still
available in fall, Lotus lanuginosus was the most abundant wildflower. While it grew in both Strip
1 and 2, it had a much fuller flowering in the strip with full sun exposure. In spring 2023,
hoverfly, wasp, and bee were the most common insect visitors, but in Fall 2023, wasp and bee
were among the rarest insect visitors. The flowers were particularly attractive to butterflies;
however, the red color of the flowers are not as attractive to bee pollinators, something to be
considered for crops that rely on bee pollination (Leén-Osper & Narbona, 2022). Also, its dense
and bushy growth might outcompete other plants. Future research should explore how Lotus
lanuginosus grows together in a strip with other flowers.

Baileya multiradiata attracted a diverse range of insect groups. While bees were the most
common insect visitor in spring 2023, they were among the least common pollinators in fall
2023. Additionally, Baileya multiradiata’s status as a non-native species warrants caution and
we are looking into a local alternative. A study in Israel’s Northern Arava on the impacts of non-
native gardens on desert bees and pollinator networks found that non-native flowers increase
abundance but decrease species diversity (Gotlieb et al., 2011). The influence of Baileya
multiradiata on pollinator community species composition should be researched before it is
incorporated into flower strips.

Aaronsohnia factorovskyi was by far the most attractive flower in the flower fields in fall,
confirming the findings from Spring 2023 research. In both fall and spring, the same insect
groups visited the flower in similar proportions— fly, hoverfly, butterfly, and wasp were the most
abundant in fall, and hoverfly, butterfly, and wasp were the most abundant in spring.
Aaronsohnia factorovskyi is a known source of nectar and pollen for honeybees and has a
strong association with parasitoid wasps (Taha, 2015; Nascimento et al., 2014). It also has high
ethnobotanical significance in Jordan as one of the most used medical plants (Al-Quran, 2009).

Anastatica hierochuntica and Asphodelus fistulosus both show potential in being attractive
species in flower strips and should be further monitored.

Wasps were not observed visiting the flower strips until middle-late November, yet they were
one of the most abundant insect groups in spring 2023. Parasitoids are known to have strong
seasonal dynamics adapted to their host species lifecycle (Ortolani et al., 2008; Osorio-

Canadas et al., 2018). The lesser date moth Batrachedra amydraula, parasitoid wasp’s host,
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finishes its season at the end of summer (Kakar, 2010). This may explain the decreased wasp
activity at the beginning of the fall.

Bees were rarely observed frequenting neither the flower strips nor the flower field during the
fall, while they were the among the most common pollinators in the spring. Seasonality has a
strong impact on desert bee populations (Argueta-Guzman et al., 2022). Bees have higher
abundance and species richness during the rainy season when flowers are in bloom. The fall in
the Arava desert is very dry post-summer and has minimal rainfall, which likely contributed to
the lack of bee visitation.

Parasitoid Suction Sample

The flower strips supported a drastically greater number of parasitoid wasps in the spring than
in the fall. However, the strips did still maintain a presence of parasitoid wasps. We will identify
the wasp samples to determine if and how species composition changed. Further research will
determine whether the variation in wasp abundance is due to the change in season, the change
in flower diversity, or both. Parasitoid wasps are particularly attracted to certain flower species
based on their color, smells, and nectar availability (Bianchi & Wéckers, 2008). The red coloring
of Lotus lanuginosus is known not to be especially attractive to wasps (Ledn-Osper & Narbona,
2022). However, it is notable that Strip 2, which had low plant diversity but high Lotus flowering,
had higher wasp abundance than Strip 1. Future research should explore the relationship
between parasitoid wasps and Lotus lanuginosus.

Camera Traps

Camera traps were used to monitor animal activity at the flower strips. The consequence of
medium sized mammals visiting the strips is not known. It may indicate the presence of small
mammals or rodents hiding in the brush. The most important finding is of birds feeding on
butterflies at the strips. Flower strips have been shown to attract insectivorous birds who then
provide pest control services to the neighboring agriculture fields (Kross et al., 2016, Vickery et
al., 2002). If the strips attract lepidoptera feeding birds, it may be helpful in controlling the lesser
date moth population. In addition to insect observations, birds should be monitored as well to
discover the extent of the interaction.

Seed Germination

10% of all planted seeds germinated. While Reseda stenostachya did not germinate in past
trials, 1/8 seeds germinated in this experiment. Volutaria lippii and Trichodesma africana
germinated in both the prior and current experiment. They should therefore be attempted in the
ground as well. The failed germination of the remaining four species, Asteriscus graveolens,
Pulicaria incisa, Tetraena simplex, and Zilla spinosa, suggests that they may not be effective
species to include in the flowering strips.

5. Conclusion
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Flower strips are an effective way to conserve plant and insect biodiversity and simultaneously
aid farmers in pollination and natural pest control. This study examined insect-plant interactions
between pollinators and native desert wildflowers to determine potential flowers to incorporate
into flowering strips for the Southern Arava. Key findings include: Strips should be placed in
partial to full sun; Aaronsohnia factorovsky is extremely attractive to pollinators and parasitoid
wasps; Lotus lanuginosus flourishes yet requires further study; there is a decrease in wasp and
bee activity in the fall, yet some parasitoid wasps remain. Future research will continue to
explore the long-term viability of flower strips in desert agriculture and will determine the best
flowers to attract pollinators and pest predators.
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N72001 1:10 7w nowa niZ'Ta 7w NIXYIN DX N7200 7 (11700 7700 .NIF71700 7w Nivza77 Nirnid Niz'Ta nIXYIN — 2 1720
.uoI9nI7 X?71 Y717 7W NIV'Y '97 NN NO'W 197 NINNNN

. Mg %Ntotal | Clmgn | ™M
20X nin S-SO4 % | ormnan| % [To oomonip % Na % P-jo'nx o N total mg dS/m | % nnwo | % SP | xnarmnw
% % K voionip 1:10
% 1:10
voivnip
33.25 8.35 0.05 | 0.137 | 1.603 1.508 1.829 1.92 2650 11.99 44.49 01:10 100%
voinip
21.45 3.09 | 0.023 | 0.073 | 0.532 0.831 1.308 0.71 500 3.37 25.52 01:10 75% I
%voionip
6.38 1.015 | 0.01 | 0.072 | 0.208 0.538 1.033 0.04 140 1.1 18.28 01:10 50
%voionip
1.65 1.105 | 0.013 | 0.078 | 0.175 0.551 0.873 0.01 120 0.74 9.29 01:10 25
0.05 0.745 | 0.009 | 0.063 | 0.137 0.373 0.693 0 32 0.26 7.07 01:10 in
Mg |To K N =mpn npMm
S-SO4 | m"g/l | "™a"™n | 9"’ P-jo7ix [N nmx |a"p/a"n | ClI mg/l dS/m
212"n SP SP SP Na mg/I A"p/a"n 22"n ying SP SR
%voionip
927.88 | 102 | 252.3 | 2500.49 141.6 141.6 0.13 38.5 1500 6.99 9.29 31.33% 25
279.57 | 215 | 97.8 55.3 3.3 3.3 0.09 8.3 71 0.62 7.07 34% in
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