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Section I

Executive Summary

The positive effect of dissolved inorganic carbon C02IHC03- (DIC) has been shown to alliviate

effects of salinity and other stresses, both in Israel and other countries around the world (Mexico,

southern US, Spain, Portugal, France, etc.). The present project has focus on confirmation of the

effects of DIe observed on crops under saline conditions and also on the growth of legwninous

plants actively fixing atomespheric N2. The notable increase of aspartic/asparagine among the

soluble amino acids ofthis plants suggested an increased participation ofoxaloacetate (OAA) in the

assimilation ofNfu+ in stress conditions and when ammonium or N2 are the main inorganic sources

ofN for the plants.

Further work in Sede Boqer and Los Banos has confirmed the activation and induction ofa number

ofenzymes of the alternative path ofNH/ assimilation, described bellow:

N assimilation paths in plants under normal and stress conditions

GLU -..------~I* GLU ................-GLN
NH4+~GLN

gs I......::F~__ ASP ... • ASN
Respiratory gogat

cycle ----I..~ OG

t
AlP

Osmoregulation
Ion uptake

Tissue maintenance

PYR ppdk.. PEP pepc.. OAA

ATP+pp t _
o ENZYMES

• NORMAL N-assimilation path

• STRESS N-assimilation path

The scheme above describes the normal path of ammonium assimilation (blue traces) mediated by

the enzymes glutamine synthetase (gs) and glutamine oxoglutarate amino transferase (gogat) to

yield a mixture of glutamate (glu) and glutamine (gIn). Carbon skeletons are provided by de
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respiratory cycle in the fonn of oxoglutarate. However, under stress conditions the demand of the

root cells for ATP is largely increased, drastically limiting the capacity of respiration to furnish

oxoglutarate for N assimilation. Under these stress conditions and the shortage of OG supply

possible, root cells induce two new enzymes, namely pyruvate-phosphate di kinase (ppdk) and

asparagine synthetase (as) while increasing the activity ofphosphoenol pyruva carboxylase (pepc).

The three enzymes catalyze the assimilation of He03" and PEP into oxaloacetate (OAA) which

replaces the missing OG for the deamination of GLN into GLU + ASP. This change in pathways of

N assimilation determines de abundance of ASP/ASP at the expense of GLU/GLN and enable

plants under stress to maintain N assimilation and growth under stress conditions. Stress tolerant

plants can activate the stress pathway while stress sensitive plants do it to a very limited extent.

Following this rational, the Israeli investigators focused on the regulation of the enzyme AS under

saline conditions while the Philippino researchers studied the genetic regulation of PEPc and both

groups extended their efforts on PPDK. It looks now clear that while AS and PPDK are induced in

plants under saline conditions, PEPc is activated to a higher level of activity although some

additional induction may be involved in this process.

The main conclussion deriving from these observation are that genetic transformation in plants to

increase their capacity to enhance activity and inductions of the enzymes ppdk, pepc and as - will

contribute to their stress tolerance.

Work in this project was carried out at the lab level on the regulation ofthe enzymes mentioned and

under field conditions to determine the ability of bicarbonate fertilization under saline conditions to

sustain growth and productivity of crops.

The Philippines have plenty of rainwater - during the rainy season. However, this is not the case

during the prolonged dry season, in which many fields are not cultivated for luck of water and

irrigation system. We have shown together with our Philippino colleagues that slightly saline water

from Laguna de Bay could be used for irrigation to obtain higher and better quality yields of

peanuts, maize and other crops during the dry season (C5-0Ol, Cll-131).

The current Filipino team is studying the effect of bicarbonate fertilization on the productivity and

fruit quality of several local crops such as mangustan. Another line of work we will staIt soon with

potted plants will be to study the effect of limited irrigation and fertilization on the productivity of

these desert plants.
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Section 1
A. Research Objective

Overall aim:

To investigate the influence of increased concentrations of inorganic carbon applied to the root
medium on the growth and fruit quality of tomato plants with a view to improving production
(quality and quantity) while minimizing environmental pollution due to unused fertilizers and
maximizing the marketing and nutritional value of the produce.

Specific objectives:

a) Investigation of the physiological and metabolic mechanisms through which rhizosphere
dissolved inorganic carbon (DIC = CO2 + HC03) affects carbon and nitrogen assimilation. To
understand the relationships between increased DIC supply and; (I) anaplerotic carbon provision
through PEPc activity, (2) NO]" and NH/ uptake, (3) N metabolism and (4) respiration. (5)
regulation ofassimilate allocation to growth sinks.

b) To study the enhancement of salt-tolerance through the enrichment of rhizosphere DIC. To
optimize additions of dissolved inorganic carbon to fertigation under saline conditions caused by
either saline soils or water. To understand the mechanisms through which enriched rbizosphere
DIC ameliorates salinity stress.

c) To test the potential ofenriched rhizosphere DIC to overcome the natural limitation of plants to
use NHt at levels that could support vigorous growth ofcrops. Plants grown with NH4+ nutrition
have bigh rates of DIC utilization and may thus benefit from enriched rhizosphere DIC
concentrations. Improved N~+ utilization by crop plants would be beneficial due to decreased

N03" accumulation in agricultural produce and reduced leaching of NO)Tertilizers into water
resources.

d) Investigation of the utilization of DIC derived from natural sources. Manure rel~s CO2 and
NH/. Rhizosphere DIC enrichment under these conditions and increased DIe in the soil resulting

from plastic mulching may enhance an environmentally safer (low NOJ- applications) crop
production in rural areas. These techniques may be used to enhance salinity tolerance of plants
grown without drip irrigation.

B. Research Accomplishments

Regulation of three AS genes in sunflower plants under saline conditions
Aspartate (ASP) amidation by asparagine synthetase (AS, EC 6.3.5.4) is the main source of
asparagine (ASN) in plants. In most plant studies two AS genes have been identified. but using a
strategy based on the simmultaneous amplification of cDNAs of different plant organs, complete
cDNA of three genes have been isolated in sunflower: HASt, HASl.I and HAS2. These genes
showed a large degree of homology . The polypeptides HAS I. HAS1.1 and HAS2 contain the
amino acids essential for the Ntn-aminotransferases using glutamine.

The abundance of transcripts of these three AS genes in sunflower is positively regulated by
nitrogen abundance in the medium in the form of nitrate or ammonium. However. nitrogen
deficiency in the medium stimulates de expression of HAS2. The expression of AS genes in
sunflower is codified by a family of three genes, structurally and functionally different regulated by
a complex combination of environmental and developmental factors such as light, nitrogen and
carbon availability, salinity and other stresses and developmental stages of the plants.

Expression of AS genes was enhanced by increased levels of nitrogen (nitrate or ammonium) in
the nutrient medium, presumably due to increasing levels of ammonium above the capacity of the
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root cells to supply the oxoglutarate (00) required by their assimilation through the GS-GOGAT
path. Also reducing the photosynthetic performance of the plants by shading the leaves or
keeping them at a relatively low level of atmospheric CO2, produced higher levels of PPDK. PEPc
and AS in the roots. But. as far as the main aim of this project was concerned. both salinity and
drought enhanced the assimilation of N through the alternative "stress" path mediated by the three
enzymes mentioned above. Further work is now underway to verify critical points of the research
described before publication of the results.

Differential gene expression in salt tolerant and salt sensitive corn as affected by soil CO2

levels.

The objective of these experiments was to identify specific genes that are expressed under
conditions of salinity and enhanced by fixation of dissolved inorganic carbon dioxide in the
rhizosphere.

Transformation of salt-sensitive com using the cloned genes.

Total RNA was extracted from the roots of salt sensitive Pi 11 and salt-tolerant Pi 31 e'Cposed to 4
treatments namely: control: 0 salt + 0 CO2; 100 mM NaCI + 0 % CO2; 0 mM NaCI +0.1 % CO2; and
100 roM NaCI + 0.1% CO2, The total RNA profile isolated from the 2 inbreds grown under these
conditions is shown in Fig. 1. It is interesting to note that more total RNA was extracted when the
plants received 0.1% CO2 under non-saline environment (Lanes 3 and 7). Pi 31 gave mure brightly
stained and thicker RNA bands than Pi II. Within an inbred, increasing CO2 level to O. I% did not
effect improvements in the amount of RNA transcripts in the presence of salt (Lanes 4 and 8).
However. Pi 11 grown under 100 roM NaCI + 0.1 % CO2 showed more RNA transcripts than Pi31
similarly treated. This suggested that the susceptible Pi I I was favorably affected by rhizosphere
CO2 enrichment compared to Pi 31.

1 2 3 4 5 6 7 8

Figure 1. Total RNA extracted from roots of corn (14 days old). The roots were treated with
different combinations ofC02 and salt. Lanes 1 to 4 were from accession number PIl. treated with
1) 0 salt and 0 C02, 2) 100 roM salt and 0 C02, 3) 0 salt and 0.1% C02. 4) 100 roM salt and 0.1%
C02. Lanes 5 to 8 were from accession number P3 I, treated with 5) 0 salt and 0 C02. 6) 100 mM
salt and 0 C02. 7) 0 salt and 0.1% C02, 8) 100 roM salt and 0.1% C02.

1. The total RNA from Pi 31 grown under 0 salt +0.1% CO2 was used in initial studies on the
cloning ofPEPC and Na+fH+ antiport RT-PCR ofthe total RNA produced the cDNA template
for subsequent PCR work. Primers were designed based on known sequences of the two genes
and by using the Vector NTI computer program.

2. For Na+/H+ antiport gene. two primers were designed using the aligned sequences of the
Na+lH+ antiport sequences. They were designated as NaHI and NaH2. Their sequences are as
follows:
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NaHi 5' CTG CAG CIT GGT CAT CGT ITG 3'
NaH2 5' CGT CGA AGC TGT AIT GGT GC 3'

NaHi was used in the subsequent PCR reactions. There were two peR products obtained after the
PCR reactions, a 500 bp band and 1.2 kb band. These bands were isolated using the Agarose gel
extraction kit and will be used in the ligation, transformation and sequencing procedures.

I. For PEPC, seven forward primers were made using a Vector NT! program. The primer was
designed based on the conserved sequences of known PEPC gene found in the roots. The two
forward primers synthesized were pi5 and pf7. Alphal and alpha 2 were used as reverse
primers.

Primer 5 (pf5) : GGA ITA ATG GCA AGe AGG AG
Primer 7 (pf7) : GTC TGA ACT GAG GOO CAA AC
Alpha I : GAC TCG AGT CGA CAT CGA
Alpha 2 : GAC TCG AGT CGA CAT CGA TIT TIT TIT TIT TIT IT

The total RNA was reverse transcribed using a Superscript II, an enzyme produced by Gibeo
BRL. After reverse transcription the cDNA produced was amplified by PCR using the designed
primers. The PCR was done for 35 cycles. An amplified band approximately 1.6 kb was obtained
using primer pf5. The cDNA used came from com treated with 0 salt and 0.1% CO2, No PCR
product was seen when primer pf 7 was used. The 1.6 kb PCR product was re-amplified for
another 35 cycles to produce more copies for ligation to pGEM-T vector.

Transformation and Plasmid Miniprep

DH5ct competent cells produced by Gibco-BRL were used in the transformation experiment.
After an overnight incubation at 37°C of the transformed cells a colony was seen growing on the
LB-ampicillin plate. The plasmid was isolated using alkaline lysis method. After the plasmid had
been isolated, it was cut by Eco-RI to release the ligated PCR product Two bands were seen after
digestion of Eco-RI. The sizes of the bands were approximately 1.2 and 0.4 kb (Fig. 3). Like the
PEPC gene the cloned gene has an internal ECO RI site.

Sequencing and Sequence Analysis

The cloned gene was sequenced by Newcastle DNA Express Sequencing (NOES). The full length
of the clone was hoped to be seen using primers SP6, and 17 (Table I). The sequence results given
by NDES has several N or unidentified nucleotide and thus it was difficult to see the true identity
and characteristics of the cloned gene. Nevertheless the similarity of the clone gene with other
known genes was searched using BLAST Sequence Similarity Program. The result of the search
showed that the cloned gene was higWy similar to wheat mitochondrial 26S rRNA gene with a
score of 1041. A similarity with maize mitochondrial26S rRNA gene also was also seen.

Based on the results the design primer has a complimentary sequence to the rRNA of com, thus it
is necessary to destroy the rRNA after reverse transcription. Treatment of RNAse A on the
reaction mixture after transcription may help solve the problem.

Future Activities

• Continue differential gene expression between salt sensitive and salt tolerant inbreds.
• Continue cloning experiments for Na+/H" antiport and PEPC genes.
• Characterization of cloned Na+II-t antiport and PEPC genes
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2. Crops responses
Maize

I. Database search for phosphoenolpyruvate carboxylase and NaIH antiport genes from various
sources was conducted. The homology of the sequences gathered was analyzed sing Vector NTI
and forward primers for the genes were designed with the same program. Cloning conditions for
PEPC and NaIH antiport are being optimized.

2. Com seedlings were grown in the greenhouse under saline and enhanced rhizosphere inorganic
carbon conditions. Improved growth of salt-treated plants ameliorated with 0.1 % C02 was
demonstrated by both varieties, though growth enhancement was more pronounced in the salt
sensitive Pi-II. Enzyme analyses showed that 100 mM NaCI induced root NRA ofsalt-tolreant Pi
31 by as much as 140%. With the addition of0.1% C02 to the salt-treated pos, leafand root NRA's
of both Pi-II and Pi 31 increased by 11% and 31 %, respectively (averaged over two varieties and
two replications), when compared over that of plants grown without salt and DIe. Extraction of
total RNA fromt he roots is in process for the differential gene expression analysis of salt-tolerant
Pi 31 and salt-sensitive Pi-II.

Mungbean

Optimizing the levels ofCO, for growth of mungbean

Previuos pot experiment under greenhouse conditions had shown positive response ofmungbean to
added inorganic carbon in the form of bicarbonate equivalent to 0.1% CCh. The present experiment
was conducted to determine the level of CO2 that would be optimum for growth of salt-sensitive
Pag-asa 7 and relatively tolerant Pag-asa 9 under saline and non-saline conditions. Salinized
environment was attained by the addition of 100 roM NaCl. Control plants were grown in pots
without NaCl. The different C02 levels applied were the following: 0%, 0.1 %, 0.2% and 0.3%.
The CO2 treatments were designated as Cl, C2, C3 and C4 levels.

Effect ofNaCl on mungbean growth.

Mungbean plants grew vigorously in the absence ofNACI. However, in the presence of salt, plant
fresh weight was reduced by about 13% (about 15% on a dry weight basis).

Effect ofvarious levels ofC02 on mungbean growth.

Under normal conditions, supplemental CO2 at 0.1 % increased the plant fresh weight (pFW) of
Pag-asa 9 and PAg-asa 7 by about 19% when compared with those plants without added DIC.
Inorganic carbon enhanced root growth of PAg-aSa 9 at all levels of CO2• withh the effect
decreasing as the level of C02 was increased. Percentage increases in root fresh weight (RFW)
ranged from 103% at 0.1 % C02 down to 43% at 0.3% C02. Increases in stem fresh weight (SFW,
24%), leaf fresh weight (LFW, 37%) and the total PFW (21%) were also observed at 0.1% CCh.
However, as the levels of C02 were increased, SFW, LFW, and PFW decreased. Under saline
environment, the addition ofDIC produced better growth of the root. However, SFW. LFW as well
as total PFW decreased with increasing C02 concentrations. Pag-asa 7 showed erratic response to
the treatments.

Overall comaprison of the effects of added DIC on the growth ofPAg-asa 9 and Pag-asa 7 showed
that the salt induced loss of growth of mungbean plants could be negated by DIC supplementation
around the roots. Plants grown under salt and supplemented with 0.1% CO2 exhibited even higher
PDW's than controls, those plannts grown under normal conditions, with or without added DIC. by
as much as 24% and 13%, respectively. These results are in agriment to our expectations that
HCOJ- fertilization can alleviate yield losses of leguminous plants affected by salinity by its
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possitive effect on dark CO2 fixation by PEPc into OAA and the support of the latter of
ammonium assimilation processes in the root.

The optimal concentration of CO2 suitable for growth of mungbean under saline and non-saline
conditions apperaed to be around 0.1 % C02. Higher levels of COz were detrimental to mungbean
plants grown under both conditions as shown by severe drying and ultimately death ofplants.

Effects of0.1% C02 on mungbean varieties grown at moderate and high salinity levels (on-going).

As a follow-up study, an experiment was set-up to determine the effect of 0.1% C02 on the salt
sensitive and salt-tolerant Pag-asa 9 grown in moderate (50 mM NaCI) and high salinity (100 mM
NaCl) levels. The seeds were sown directly in salt-treated soil mixture while bicarbonate solution
was added in samll amounts daily. Initial results on pod setting showed that the two varieties were
significantly different in their ability to set pods under the above conditions. Regardless of salinity
levels, highly significant differences in pod setting were observed amonng PAg-asa 9 plants grown
with 0.1% C02, about 24% increase in pod setting over that of control plants without added DIC.
Regardless of varieties, the effect of 0.1 % CO2 on percentage pod setting was significant only at
high salinity level, with 32% increase in pod setting over that of control (0% COz).

Technical problems of HC03- fertilization with drip irrigation

The effects of HC03- fertilization in crop production are controversial in several papers published
during the last year. So are they in the reports and discussions ofa COST network of the European
Union. We are trying to find the explanation for the diversity of results reported. The .::quilibrium
HC03-/C02 must be a factor of great importance since the affinity of PEPc is much larger for
HC03- than for CO2. The pH of the nutrient solution and of the soil liquid phase determines to
which side shifts equilibrium between these to inorganic carbon forms.

Using drip irrigation in greenhouses a pH around 7, bellow the soil pH of 7.5-8.0 would preserve
most ofDIC in the HC03- form but, unfortunately, this pH also favors the formation of insoluble
carbonate salts which clog the irrigation emitters. By lowering the pH of the irrigation using
phosphoric acid instead of its Na+ and K+ salts will prevent to a large extent clogging of emitters
and the determining factor may become the alkaline soil pH that will shift equilibriwn back in favor
ofHC03-. Experiments at this effects are presently under way

CO/HC03- in the rhizosphere and its effect on gas exchange and growth rates
of tomato.
Stimulation of growth by elevated DIe has been observed previously in plants grown under
conditions of salinity stress and was related to the site of N03- reduction in salinity stressed plants
(Cramer and Lips, 1995). Under high light intensity. however, the effect ofDIC was greater in non
salinized than in salinized plants. Although enriched Ole may influence plant growth through
anapletoric provision of C in the roots of enhanced uptake of NO;. it is also possible that other
more directly light-dependent mechanisms are operative.

Plants grown with elevated DIC at high RH (80%) and low light intensity exhibited higher stomatal
conductance, higher water use efficiency and lower Jmax than plants grown with 360 J-ll1lol mol-l
aeration. Photosynthetic rates were, however, unaltered. This may be interpreted as indicating that
with elevated DIC, the supply of carbon through the xylem partially met the demand for carbon for
photosynthesis. A similar conclusion was reached by Bialczyk and Lechowski (1992). The would
allow partial stomatal closure without significantly detrimental effects on growth.

The effect of enriched rhizospheric DIC on gas exchange may explain why growth effects on plants
grown with elevated Ole are most readily observed in plants growing under high irradiances,
salinity and drought stress or at high shoot temperatures. The effect of dissolved inorganic carbon
(DIC =CO2 + HC03-) on the growth and metabolism of young tomato (Lycopersicon escu/entum
(L.) Mill. Cv. 144) plants as affected by salinity was further studied in these experimenK
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Enriched DIC increased biomass production by more than 200% on plants grown at more than 1500
Ilffiol m-2

S·I (Fig. 1). Plants grown under 1000 JlIIlol m-2
S-I increased biomass due to increased DIC

only in the presence of salinity and high temperatures.

At high light intensities the photosynthetic rate, the CO2 and light saturated photosynthetic rate
(J...,J and the stomatal conductance of plants grown at high light intensity were lower in plants
supplied with enriched than with ambient DIC (Table 1).

Labelled organic carbon in the xylem sap derived from root 14C_DIC was found to be in the order of
1% of the photosynthesis of plants supplied with ambient DIe level or 10% of the photosynthesis
of plants supplied with enriched DIC levels at the root level.

It is possible that organic C produced by DIC fixation by the roots may provide an emergency
source of CO2 assimilates to the shoots under conditions in where low stomatal conductance is
advantageous such as salinity or drought, high shoot temperatures and high light intensity.
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Figure 1: Biomass production by tomato plants as
affected by salinity (0 and 100 mM HaCI, nitrogen

source (N03- or NH4+l and DIC (0 and 5,000 IJM)
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Table 1: Gas exchange variables (n=8) and variables from A:Cj curves (n=4)
Plants were grown with controlled root temperature in a greenhouse with a
maximum daily photon flux density of 1,000 J,1mol m-l

S-I for 12-14 days mter
transfer into hydroponic cultures with 2 mM N03-. Measurements were performed
at an air temperature of 34.2+0.2 °C and with a saturating irradiance of 1,350±20
JlIllol m·l S·I

Photosynthesis Control Salinity

parameters 360 5,000 360 5,000
~ (f.lmol m-2 sol) 17.5±0.2c 14.4±O.3b 13.6±O.7ab 11.9±O.7a
IE (mmol m-2 sol) 7.8± O.3ab 8.1±0.2b 7.8±O.4ab 6.9±O.2a

lei (!lmole marl) 218±6a 221±2a 200±7a 201±9a

Os (mmot m-2 5.1) 628±63c 405±17b 239±21a 207±15a

WUE (mmol marl) 2.2±0.lb 1.8±O.la 1.7±O.la 1.7±O.1a

~:Cicurve

Cj at Ca = 360 (!lmo} marl) 227±6b 234±2b 183±7a 204±8a
A (J.1mol m-l S·I) 17.8±07b 16.3±O.5b 11.7±O.8a 11.8±O.7a

Ao (J.1mol m-2 S-I) 28.9±O.5c 25.5±O.5b 24.1±1.4b 19.7±1.2a

1 0.38±0.03a 0.36±O.01a 0.51±O.02b 0.41±O.01a

Jmax (!lmol m-2 S·I) 35.9±0.9c 31.2±O.7b 30.5±0.2b 25.1±O.3a

VRubisw (!lmol m02
sol) 0.14±0.01a 0.10±0.02a O.15±O.02a 0.12±O.03a

r2 0.99 ! 0.99 0.95 0.95

Table 2: Effect of rhizospheric DIC concentration on the translocation of DIC and organic
products of DIe incorporation in the xylem sap and the concentration of soluble products ofDIC

incorporation in the shoot and root (nmol g-I FW)

Rhizosphere C<h concentrations
[Ilmole marl)

360 5,000
lXylem (nmol gol root FW h-I) 1.3±0.4 a 16.4±1.4b

lXylem (J.1mol m-2 S-I) O.07±O.02a O.88±O.09b

Shoot (omol g-I FW) 2.5±0.3a 18.4±2.3b

[Root (nmol g-I FW) 16.2±2a 158±8.b

Shoot:root 0.t7±O.03a O.12±O.Ola
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C. Scientific Impact of Collaboration:

The experience gained by the Philippino investigators both in the genetic and agronomical aspects
of bicarbonate fertilization on the productivity of local crops has considerably increased their
capacity to deal with other problems of plant productivity in their country. when affected by
drought and salinity during the prolonged dry season in the region.

D. Description of Project Impact

The main impact of the present project is the development of new and betters way to use irrigation
water during the dry season in the Philippines. allowing local fanners to make use of local water
resources affected by mild salinity (up to 4-5 dS m-I). Although the use of HC03- fertilization is
just one way of alleviating deleterious salinity effects on crop production, research on this point
may stimulate seeking additional ways to keep up crop production during the dry season through
the use of intensive irrigation with a wide quality range of water resources.

E. Strengthening of Developing Coun~ies Institutions

The AID/CDR grant is the basis for increased research activity, fellowships for graduate students,
purchase of new equipment required for advanced modem methodologies, etc. The connection to
the Israeli lab gives important scientific, technical and moral support to carry on and expand the
activities ofthe Filipino group.

F. Future Work
Final report: The investigators of these project both in Israel and the Philippines are now
summarizing the results of the last experimental work for the final report. We believe that a few
interesting publications on biochemical and agronomical aspects of DIe fertilization will be
prepared.
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Section II
A) Managerial Issues:
No outstanding issues at the moment.

B) Budget: No changes have been made or asked for

C) special Concerns: None

D) Collaboration, Travel, Training and Publications:

Publications with the Philippino investigators is a slow process. Several draft papers are almost
ready and will be submitted to journals, hopefully, during 2002. Travel to the Philippines was
undertaken by Moshe Sagi and Herman Lips on funds other than the AID/CDR projects and
allowed us to overview the field work and discuss research directions during the remaining of this
project. The Final Report is now in preparation and will be submitted during the first half of2003.

E) Request for American Embassy Tel Aviv or A.I.D. Actions: None.


