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The tWo-year research was extended to a three-year period, due to a
delay in receiving and transzferring funds and mainlv as a result of
Peru's local, pelitical and financial conditicns.

All the main aims «f th® research havs bean achiseved and cur work is
continued in Peru, partly with local funds.

Ths experimental units in LaMclina Universitvy - Lima now in use for
three vyears have bazn rezently extended and will serve further
rezsearch. Thig includes the squipment and research facilities supplied
by AID.

Tha pilet plant unit in Lurinz, now aoperating for two years, is
extend=d as well and will serve in the future as a demonstration unit
for farmers.

Tuo large farms are nouw planned (both in the neorthern part of (-ru),
where our research recults will be ured commerciallv: one a private
initiative and one governmental, operatad by small individual farmers.

Four local agriculturs advisers have been trained to  instruct farmers
on how to use saline water successfully in sandvy areas.

Six M.Sc. students are involved in our research program; three of them
have presented their theszss and the others are in advanced stages of

thsir r srch. M have  been ablz  to invalve more  students than
grezvizuvsly shiughs and e ; : achizvament. One of
thez studznts has ro . | for oz zhovt tzrm in Israsl -

b v
a continuation of cur work. Anrthrr p cmoted student is now active in
field work, as a senicr instructaor.

Prof. Saleomon Helfgott and his colleaguesund staff (Plant Protection,
Plant Bresding, Veretable Departmsnt, Water Department, Laboratory
Department) were deeply involved in the varicus research stages and
this te=am was the basis forr the eo~ad  and  prospective research
achievement. Prof. Helfgott, the Peruvian team and reesearch leader, uwas
abla to lzad the creative atmasphsrs and most of the csuccess of this
research in guch a difficult situaticon in P2ru is to his credit.

Threes local university reparts in Spanish have btesr published. At each
of my five visite to La Moline, seminars, lectur=ss and <ourses uwere
given (bv M. Schwarz and &. Helfgott) to the staff members and higher-
grade students.

in close cantact with

The visit of Prof. Helfgott to Israsl [
utes, which 1le2ads to new

re
Isracli Agriculture and PResearch Ins
development ideas.

The 2xperim=ntal, envirsnmental and nutritional contralled experiments
in Israel have been accomplished in close connection with the Technion
Institute in Haifa and recently, with the Bar Ilan University in Ramat
Gan. These institutes preovide all the requirements for the basic
researcher. The first year's work was to detarmine the best nutrient

solution for the Peruvian saline water and compared with 1local
observation. The further work was concentrated in the root:shoot ratio
and roc. aeration problems undser salinity (recently continued under
"field" conditions in Peru) and related problems.

The reducticon of the first investment (law-cost irrigation dripper) and
promaotion of this subiject was investipated during the last years.

I'nts research peried -« provided bv AID - wae e=xciting for all  the
scientists invelved and we thank the AID «officials and the US
Govarnment for involving wse in promotion of a new practice in a
developing cauntrv and with the pecple of Peru.



EXPECTATION (WORK PLAN) AND FULFILLMENT

The main purpose {(page 18 of the research preoposal):

"the combining of the research knowledge recently obtained in
laboratory plant growth experiments for carbon (energy) balance and
ionic balance. under medium and high saline conditions, with the field
axperiznce in gravel and water culture under low salinity, while during
sand culture methods and the use of sand dunes for agricultural
purposes, using saline water sources.

1
The purpose will be to arrive at a formula for reoct environment (water-
nutrients-air) and other agrotechnica possibilities for optimizing
plant growth.

The aim of the present prcposal is to undertake engineering, plant
growth and part of the economic feasibility =studies, in a pre-pilot
plant unit. Th2 main research study will ke at the D.C. facilities,
where the pre-pilot plant unit will be erected.”

- has heen achisved.

The =xperimsntal unitz - 18 X 10 m® = 150 m= unit - have been
syractsd zod zvrae in fol) uze fir o<hras vezrs oand will o b= ouzsd  in the
future ‘in <he gropssal, £ X 20 m® = 100 m® units) !pags 2¢). This
includss automatic controllers, fertilizer-proporticoners, irrigation

Sand culture techniques - the sand from two different areas is used in
0.% and 1.% atm pressure and two salinity levels (1,500 and 2,500 TSS)
and control (pase 20).

Th= plants used have been mainly tomato, cabbage, lettuce and sweet
potato (page 21).

Three to cix dailyv irrigation regimes have been used, according to
plants (variseties-plant grecith stage-season) and a primary irrigation
schedule has been prepared (pag=s 21). :

The main pilet plant unit (pags 20) in Lurin of 300 m= was recently
enlarged to 600 m=, divided inte €S0 m™ units and is now the main
field observation unit.

The standard nutrient solution (mentioned in page 11) has been adjvsted
to local available fertilicers (reportse 1 and 2).

We have not found differences while lowering the P-Phosphorus level and
changing the iron levels (page 22, no. 1) but this will require a
further study. Similar experiments made in Israel (Bar Ilan University)
have not shown significant differences.

Lowering the calcium nitrate and iron to half the standard solution and
lowering total nutrient solution to half and irrigation more freguently
(nos. 2 and 3, page 22) has been tried for several crops, for four
seasaons (part of the M.Sc. work of our two first students in La Melina,
which is included in their M.Sc. theses). The general answer is:
reducing concentration and more frequent irrigation, which is



recommended n all salinity regimes. This observation has been received
as well on the pilot plant unit (Lurine).

The root aeration (page 21) (controlled experiments) observation could
not be accomplished in La Molina and was =studied first at Ba~ Ilan
University. A summary of this experiment ic in App. and will be
presented for publishing during this year.

The general observation is that controlling root aeration during some
critical hours (light hours, ircluding the first two dark hours) will
be one of the limiting factors of growth control and root:shoot ratio.

1

The fertilizer propcr-tional units (page 22) and the nutrient (including
micronutrient) solution was used and found suitable, according to the
proposal (page 22). The use of unpurified fertilizer standards allowus
ommission of Molybdenum and no defi~iency symptoms have been observed .

Nutrient solution tests of watering and used nutrient solution has
always shown a suff.cient amount of Cu. Zn, Mn and B (and .0 tox-ic
amcunt of B) (page 22

The "best'" irrigation schezZule (page 23) is part of the M.Sc. thesesg of
two studsnts (in La Mclina), according te our basic instructions {page
23) and will be summarized soon.

The general main cbservaticns - for tomatos, lsttuce and swest potatos
- are that night irrigaticn is not required (night includes two hours
before darlkness).

(The full root:shoct ratic regime - root asration influence and the
related harvest index - especially for root harvest crope like potator
and carrots., 1is a separate research project and seems to be of great
importance undsr zalins conditions!)

The nutrient sclution tests (page 23) have been developed to a standard
routine in La Molina by our students. We helped to replace and renew
some of the missinz equipment and used also field measurement
equipment. supplied through our research funds.

The field routine tests are pH, total salinity and D.0. Routine
laboratory tests are N-NOs and N-NHa. P, Ca + Mg and Cl (page 23).

The root:shoot ratic (page 24) and root harvest index has received
special attention during the 1last vyear, while successfully growing
sweet potatos and, recently, salt-tolerant potato species in  saline
water. The first axperiments have been very successful. Good quality
and good yields have been received using saline water, under reduced
shoot (leaf) volume of over 40% (often, darker Eree) leaves

These observations are the main part of the research of two M.Sc.
students (started recently) in La Molina and Lurine.

We found these directions of research (sweet potato and potato) more
applied and important than the groposed winged-bean (page 24) and
concentrated in this direction.

Some primary cbservations of beans in salinity (as practised in Peru)
have not shown prospective results.



Regular water-timers and solenoid contrel of preoportioners have been
found satisfactory for timing and irrigation schecdules and the program
of mini-computers has been delayed (page 24). On large-scale operations
(two large units ar2 now in preparation in Peru), some worker will
always be on the farm and no remote control is required. Even at our
2xperimental and pilot plant unit, this proposed remote control
requirement was, not found to limit development and experiments.

We find it mere important to reduce =quipment and to make the units as
simple as possible, not to add ' more sophisticated equipment, as
described in "new developments™.

The econcmic feasibility (page 26) of the use of saline water in sand
was one of the important purposes of the projsctes. This was not only
for use of local available fertilizers and equipment but also to reduce
the first irvestment cost

We encouraged the development of low-cost, thin-walled irrigation trip-
pipes. which mav b2 used for up to three vears (if properly restored)
but are «calculated for only two to thres seasons (one to two years).
The development of these pipss has be=n carried cut at two factories in
the U.3. and especially in a new process (and more accurate), as in an
integratzd unit in Israsl (Gilzzd process) and a2 sample is included.
The price per "running meter" is reduced, from 40-50 U.S. cents, for
the =tandard pipes., t2 &about 6-2 <c=nts. This reduction may be the
"breakthrough” to npen this kind of controlled irrigation, <ven for
ponr  farmers. Those pipes (the Israzli version) could be produced in
Peru and, with zgovernment help, nmnay be a push for successfully
contrelled farming.

All thecs achievemznts and developments have been presented and
discussw:d with the heads of variocus agriculture departments and the
Vice-Minister of Agriculture in Peru.

The first large unit to usge thess svstems (including our information
and experiments in applied sand culture and salinity) will be at the
new devzlopment area, 300 km north of Lima, where some thousand acres
of sand and sandy sc¢il will be developed for irrigation. This project
will be start ed at the =nd of Lhis year. We have been requested to
inreoduce cur syst=ems and we have current contect with the main
instructors. The full development of our research, the combination of
advenced techniques with basic and applied plant growth researchers,
will be demonstrated at this unit. The economic consideration (page 26)
will become the final proof in this area.

Our first M.Sc. student finished his thesis last year. He has recently
been responsible for development at the agriculture instriiction center
in the tropice in the Upper Amazonas Valley. In this area, he will try
to develop our findings in a sandy area (he has no problem of salinity
but protlems of unbalanced nutrition). We are in permanent contact with
him.

The wuse of our findings in the higher mountain regions has been
conzidered several times. The vields in the green valleys of the Sierra
and on the terraces are very poor, especially of the main crops: corn,
potatos and beans. In several places, the light soil can be enriched
successfully, according to our findings. Water supply is irregular and

W



wat=sr gquality is variable during the season, which is one of the main
limiting factors. e may overcoms some of these problems. It was often
discuss=d whether the high altitude and lowar atmospheric pressures may
be one - or the main - limiting factor. We have not found precise
answers to this point. This is not the primary goal of our work! As we
have so often asked, whether our work and findings would be used in the
higher mountainocus regions, we started some experiments in this
direction. It is cl=ar to us that any positive answer may have, in the
future, an important influence - not only in Peru. Many areas in this
upper level in Peru are not so secure (militarily) and no work (primary
observation) could be established. As this problem was so often brought
up and at least primary consideration was requested, we prepared some
=ywperiments under controlled conditions, in specially prepared grouwth
chambers, 2at the Bar Ilan University. We got some help for these
enperimsnts from the university and the Jerusalem College of
Technoleogy. ’

On page 4 of the propcsal for the research, it was sta+ted that:

The hvpothesis is based on the assumption that if it was possible to
grow successfully certain culture plants, using high salinity, under
fullv controlled cenditions in water culture method. similar results
chould be cobtained in partly controlled sand culture methods, for
practical use in sand dunss. This was proven.

Exrected contributicns of research to the D.C. ccocuntries and Israel:

econdaryv contributicn:

()]

(W

Increase the understanding of the physiological and nutritional
basiz of salt tolerance (partly fulfilled).

3]

Fnable selection of crops suitable for productive growth, under high
caline and arid conditicns (partly fulfilled).

1Y)

Supply important parameters as tools for breeding of new salt- and
ariditv-tolerant cultivars (partly fulfilled).

Provide important information concerning management of other
controllable environmental facteores (partly fulfilled).

=~

S. Evaluate the possibilities of extending crop longevity and wvitality
under saline zonditions (partly fulfilled).

Main contribution:

6. Increase the guantity of water available for irrigation, due to the
possible use of high saline water (yes).

7. Increase the area of cultivated land and especially sand dunes, due
to the availability of additional water sources and greater use of
arid regions (vyes).

3. Provide local consumption of vegetables in some D.C. areas and
provide outlcocoks for export {only partly).

\
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Salomon Helfgott,Ph.D. 1/

Increasing requirements for fond production demands the
exploitation of marginal resources for agriculture.
Prominent among such resources in Peru are the use of
saline irrigation water in the large sand areas
surrounding important cities along the coastal region.

It has recently been demonstrated that successful growth
of some crops under high saline conditions in sand or
gravel is possible using applied soilless culture methods

Our main objective was to determine Crop management
techniques in arid coastal sand areas of Peru using
saline water and ion nutrition in trickle irrigation.

The expected contributions of the Project were:

a) Increase the area of cultivated land due to the
availability of additional non-potable water
sources and dgreater use of arid zones.

b) Enable selection of crops suitable for nroductive
growth under saline and arid conditions.

c) Increase the understanding of plant growth under
special stress conditions.

Main activities

Work was conducted during approximately 24 months {enad
of 1987 until February 1990) at .a Molina National
Agrarian University (UNALM) and in an open sand area
in Lurin, 40 km south of Lima. Both areas have high
level sunshine, good climatic conditions and no rain.

Preliminary work and observations took place during the
first six to eight months and most of the research and
demonstration was do&®e-in the last 16-18 months.

a) La Molina (UNALM)

During the first three months we collected sand and
water samples, planned the construction of a Pilot

Unit and prepared the nutrient solutions. 1In the next
three months, the Pilot Unit was constructed. Initially,
it consisted of 12 experimental 10x1.2x0.4 m beds.

1/ Faculty of Agronomy, UNALM, Apto. 4556, Lima, PERU.
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During the second year, a new similar 12 bed group was
constructed. Black plastic was put in the bottom of
the beds before adding the sand. After installing the
drip irrigation system, tomato and lettuce seedlings
were transplanted fqr preliminary observations.

When the experimental beds were in good operation and
the irrigation and nutrient solution systems were
functioning adequately, research was started first
with lettuce and then with tomato (three trials) and
sweet potato (two trials). Work with these crops was
the thesis of six graduate students. Variables that
were studied included three salinity levels up to 5.0
mmhos/cm, two irrigation frequencies:twice daily (7 am
and 1 pm) and three times daily (7 am, 11 am and 3 pm)
and two fertilization levels.

Regular plant observations were registered and the
evaluations included root:shoot ratio, harvest index
and total yields. 1In addition, in one of the tomato
and one of the sweet potato experiments, we determined
net photosynthesis and transpiration rates as well as
stomatal diffusive resistance, leaf temperature and
photon flux density. We used a photosynthesis micro-
chamber, an infrared gas analyzer (ADC, England) and a
Porometer LI-1600 (Licor, USA). Measurements started
one month after transplanting and were made every two
weeks.

Plant growth as well as yields of the three species were
satisfactory thus confirming that successful growth and
crop production is possible in sand with high water

salinity levels and ion nutrition in trickle irrigation.

The salary of the students as well as the printing of
qtheir thesis was paid according to our budget. We are
preparing scientific papers based on part of the work
and they will be submitted for publication in .spanish
in "Anales Cientificos", a scientific journal of the
UNALM.

b) Lurin

This place was selected for the Demonstration Unit
because it was a virgin sand area near Lima, water is
saline (5.0 mmhos/cm) and there are many small farmers.
The Unit consisted of eight 10x4 m plots in the middle
of a new asparagus plantation.

Our crops included asparagus, lettuce, tomato, sweet
potato and cabbage. We had two students that after
doing some preliminary observations, started their «..
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...thesis work in order to evaluate the response of
the abovementioned crops to saline water present in
the area and two irrigation frequencies (two and
three times daily) with ion nutrition in trickle
irrigation. ,
Results under these conditions have also been satis-
factory and farmers are enthusiastic about the system.

Other activities

Since the Project started, Professor Meier Schwarz )
from Jerusalem College of Technology (JCT) was in Peru
four times : November 1987, May 1988, February 1989
and January 1990. During each visit we discussed our
work "on site" and decided about changes to improve
the system.

Professor Schwarz gave several conferences at the Uni-
versity, visited farmers and had important meetings

at the Ministry of Agriculture in order to explain
authorities the importance of our work. They promised
us, through the University, a 50 has piece of land
(sand area) with saline weter for demonstration
purposes.

On the other hand, in accordance with the approved work
plan and the objectives of the Project, I spent two
weeks in Israel near the end of the first year (Oct 88).
I visited with Professor Schwarz soilless culture
laboratories and greenhouses, experimental facilities
and commercial plantations under greenhouse or field
conditions, with ion nutrition in trickle irrigation,

in order to make contact with israeli researchers and
farmers. The visit included Institutions such as JCT
in Jerusalem, the Negev Arid Zome Research Institute

in Beer-Sheva, the Experlmental Station at Chavat Habsor
and the Volcani Institute in Bet-Dagan and Rehovot. We
also spent some time looking at commercial crops in
Arav (Dead Sea Valley) and in the Western Negev.

Concluding remarks

We have been able to demonstrate that it is p0551b1e to
grow and obtain reasonable good yields of various co-
mmercial crops{tomato, sweet potato,lettuce,cabbage, as-
paragus) under sand conditions with saline water up to
5.0 mmhos/cm with ion nutrition in trickle 1rrlgat10n in
the coastal area of Peru.



A total of eight graduate students particinated
working for the Project doing research for their th
thesis. Their salaries as well as the printing of
their thesis were paid according to our budget.
Several scientific papers will be published in
“"Anales Cientificos" (UNALM). The participation

of USAID as well as JCT will be mentioned in all
the thesis and scientific papers as well as in the
extension leaflets that will be prepared.

People at the Ministry of Agriculture are very much
interested in our work and promised us, through the
University, a piece of land (sand area) for
demonstration purposes.

We already spent or have allocated the final funds
that were available for our Project. Peru is in a
bad economic situation and the outleok for the future
is not good. Thus, the continuation of our work and
the maintenance of the equipment will depend on out-
cide financial help.

Lima, February, 1990. ) (L—_——_———, ’
f (Vg
///% o —

Salomdn Helfgott \_BpebT - e
/
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In accordance with the approved work plan and the
objectives of the Project, we continued with our
research in the Pilot Unit at La Molina National
Agrarian University (UNALM) and in the Demonstration
Unit in Lurin, 40 km south of Lima.

La Molina

The 12 experimental beds were in good operation and the
irrigation and nutrient solution systems were functioning
satisfactorily. 1In addition, another 12 bed group was
constructed and started operating in September.

At the beginning of the year, research with lettuce was
completed and this was the thesis of our first MSc.
student, Mr. Julio C. Rivas Plata who received an A .
Part of his work has been submitted for publication in
"Anales Cientificos", a scientific journal of the UNALM.

After the lettuce was harvested,we initiated work with
tomato in order to evaluate the response of this crop
to three water salinity levels: 1.25 (s1), 3.0 (S2) and
4.5 (S3) mmhos/cm. This was the thesis of our second
MSc. student, Mr. Freddy Casas. He determined root:
shoot ratio at various growth periods as well as yields
when the crop was harvested in June. Yields wvere equi-
valent to approximately 22 (S3), 38 (S2) and 52 (s1)
ton/ha. The first draft of the thesis is now ready

and is being reviewed by his Committee.

In August,,swegﬁﬁsgtatoes were planted in the same 12
experimental sand beds. This was the thesis of our
third”MSc.~student,“MrJ.Miguel A. Polo and as far as we
know, this'is the! first time that research is conducted
to evaluate the response of this crop to different water
salinity levels (same as above) under sand conditions
and drip irrigation. Plant growvh was excellent and
root:shoot ratio was deternined every 15 days, starting
three months after planting. Harvest will take place

in mid-January 1990. :

1/ Faculty of Agronomy, UNALM, Apto. 456, Lima, PERU.
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A fourth student, Mr. Rommel Estrada, was interviewed
and accepted in September. He first performed prelim-
inary work in the new 12 bed group and in December
transplanted tomato. He is now evaluating the response
of this crop to three water salinity levels (1.25, 3.0
and 5.0 mmhos/cm) and two irrigation frequencies: two
times daily (7 am, 1 pm) and three times daily (7 am,
11 am and 3 pm).

Lurin

The Demonstration Unit is in the middle of an asparagus
plantation. We have eight 40 m? (10 x 4 m) plots in an
open sand area and our crops included asparagus,lettuce,
tomato and sweet potato. A graduate student, Mr Maximo
Ramirez, did some preliminary work from July to October
and obtained good results with the four crops. He is
now conducting his thesis work in order to evaluate the
response of the abovementioned crops to saline water
(5.0 mmhos/cm) present in the area and two irrigation
frequencies (tvo and three times daily) with ion nutrition
in trickle irrigation.

Other activities

Professor Meier Schwarz from Jerusalem College of Tech-
nology spent eight days in Peru from the end of Februar;
to the beginning of March. We discussed our work "on
site" and decided about changes and further objectives.
We also had an important meeting with the Vice-Minister
of Agriculture. He was informed about our work and alsi
promised us, through the University, a 50 has piece of
land (sand area) with saline water for demonstration
purposes. ‘

Lima, December 31, 1989.

Salomon Hg%fg9£%, Ph.D.
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Sefior Ing.

Santos Galarza B.
Vice<dinistro de Recuroos
Naturales ¥y Desarrollo Rural
Presente. ~

De ml ~onsidaracisas

Ma es grato dfrizirme a Ud. para arradecerle por el apoyo que nos brindd
en relacidn a la reunidn asbre risgo por goteo que e afactud en la Sala
de Conferencias del Vice-Ministerio el passdo midr-oles 17.

La reunidn fus pregidida por el Ing. Ram{rex y asistieron los Directores
Generales de Irrigacion (Ing. Lecca) y Agua y Suslpe (Ing. Crusads) asi
como los Directores y/o represantantes de PROMADET (Ing. Guerrero), PRO-
NASTER (Ing. Limreux PROMAVEMI (Ing. Arias) vy de la Adwinistyacion y O
peracidn de Distritos de Risgo (Ing. Garcis).

La exposicion sobre el pwoyecto Produccidn de cultivos en arsna utilizan
dorimw@wmmu&ymmmm estuvo &
cargo del Dr. Meier Sclwars del Jerusalena College of Techmlogy, el Ing.
Lorsnzo Changelavarro y el smscrito. Se'putomfuil en las nwevas cin
:as paras- riego pow gotso cuys costo es equivilente a 1/10 en cmrncion
al d» las tuberfns convencionaiss. Este hecho harsi posible su meyor dai
t‘uuonyunmnpoducir alizentos y genersy mayowrus ingrasos pars s
pohlacion de areas marginaies 0 para aguellcs que mdmmmenortg
cion.

El Ing. Remfrez nos ofrecid que coordinaria con ncootros a 1z brevedad
pmmmmhwuemumqu no
dudamos serd de gran bensficio pars el
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EFECTO DE IA SALINIDAD ¥ FERTILIZACION EN EL RENDIMIENTO DR LECHUGA
(M sativa) CULTIVADA EN POZAS DR ARENA Y UTILIZANDO RIEG0 POR
* GOTRO

8. Heltgott,l L. Chang-Na.vmo,l A. Canaa,l M S'chvarz,a.J.' .ﬁ.‘!.cn,zq3‘

INTRODUCCION

A 1o largo de la dride costa peruana se ancusntran grandes extensiones
‘dd suelo d= arena que no son aprovechadas para la agricultura y son di
ticiles de cultivar y regar por los metodoo convencionales por el pell
gro de erosion, por 1a beje eficiencia de aplicacidn del agua de lego
y por la baja disponibilidad de agua no aalina que se requiere  normal
mente y Qua se presenia en ln epoca de estiaje. . .

Eu verios pafses del’ mundo se aprovecha los suelos de arena elpletndo
el riego por goteo y alin agua salina para regar los cultivos que - se -
realizan en estos arenalss, aunque todsv{a en paquefia eacals.. . Estae
practicas se Jbasan en trabajos de investigadorsiorooso! uﬂehvéu*’ £3968),
quien report¢ quea la tolerancis de las plantas a las sales. que ase pra
gentan &l usar agua salina depende de una uerie de factores tales comc
1a variedad, el grado de desarrollo, la adicidn de aquelios nutrientes
que no se encuentran en dicha agua y la feecusncia de los dagou. Tan
bien indlcd que las cosechas de lechuga y pepino an redujeron de 10 &
15% ¥, de 20 a 25%, respectivamente, cuando estos se dessrrollaban’en a
gua que contenfa 3000 ppm de sales. Asimismo, merciond que 1ae plantar
cultivadas en soluciones tienen aparentemente una mayor tolermcia Pa
ra niveles de zinc y cobre que normaimente podr{en considerarse toxi =
cos. Finalmente, sefiald que las presiones oasmfticas extremadamente al
tas (mayores de 10 atmsferas) de soluciones nutritivas, durante lar -
goa periodos de tiempo con presiones osmoticas moderadaments altas. (h-
5 atmosferas).

Resh (1987) menciond que para cultivos hort{colas dos riegon por .da{a
son suficientes en verano cuando se usa zoluciones nutritivas y jarena
fina como medio de cultivo. Sin embargo, Schwarz (1987) encontyd que
regando tres veces por dfa se obtenfan las mejores cosechns ‘eri Israel,

1. Profesores Principales y Asociado, UNALM, Lima, Perd
2. Jeruyalem College of Technology, Jerusalem, Iarael
3. Ingeuiero Agr{icola



cuando se usaba arena como medio de cultivo. Los risgos deben dn'le u
na hora dsspues de la salida del sol, a las 10 a.m. y las 3 p.m.

No hemos encontrado referencias sobre inveatigaciones para encontrar
los er:l;teric:l de manejo de suslos de arena utilizando agua salina en
el Peru. En lechuga se riega por gravadad y los rendimientos promedios
llegan a 50 ton/ha de materia fresca comercial (Delgado et al; 198 )
aunque Ferndnder (1977) obtuvo 72 ton/ha de lechuga en suslos do textu
ra franco arenoso.

El presente trabajo tuvo por objerivo principal evaluar el efecto de
tres niveles de salinidad del agua de riego en combinacion con dos ni
veles de fertilizacion 1{quida aplicados cor riego por goteo en lechu-
ga cultivada en poras de arena.

MATERIALES Y METODOS

La investigacidn se 1llevd a cabo en un campo del Programa je Hortall -
zas de 1la Universidad Nacional Agraria La Molira, ubicada en el distri
to de La Molina, provincia de Lima y Departamento de Lima., Geografice
mente, el lugar se encusntra a 12°05' latitud sur y a T76°57" longitud
oeste y a una altitud de 238 m.s.n.m. El clima corresponde a desler.
to subtopical arido caluroso y durante la ejecucion del experimanto no
llovfo. Los datos climdticos de los meses (octubre a diciembre 1988)
en que se realizd el experimento fueron los siguientes:

Mes  Horag, Tamperaturas {°C) Humedad Relat.(%)Evap.
Max. n, omedio . x. Min. o e A

Oct. + 6.00 20.60  13.50 16.20 96 66 86 ) 8.90
Kov. 6.53 22,70 11.60 18,00 98 61 8k kb
ple. S.h7  2k60 16,80  20.30 98 61 83 h.b7

Los tres niveles de salinidad del agua de riego provenients de pozo que
ae oﬁudiaron fueron los siguientes: .
se, estua < Clave

« Salinidad del mgua de pozo presentando 1.23 mshos/cm a 25°C 8I

= Salinidad del agus de pozo con sdicién de 1,200 ppm de ClNa .
presentando 3.30 mmhos/em a 25°C

o 8alinidad del agua de pozc con adicidn de 1,800 ppm de ClNa
presantando b,30 mmhos/cm a 25°C 83

Los dos niveles de fertilizacidon que se estuaron fueron los siguientes:
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= Bolueidn Schwarz (ver Cuadro 1) 5 B

=« Dodle concentracion de la solucion Sehsars o
on lo que respecta a mecronutrientes pero .
normal en micronutrientes: re

Cusiro 1. Fdraula de Fertilizceidn de Schwars

' g/1000 %

Sulfato de Potaslo (52% X0) T 600

Nitrato de awonic . (3% N) 700
Fosfato 41 aminico (184 N, k5% P20) 350
Sulfato magnésico 200

' Sulfate calelco 10
Sulfato de fierro 2

‘Acido bérico ' 1
Sulfato de mangansso . 0.5
Sulfato de cobre © 0.1

Sulfato de sinc' 0.1

Nota: A esta solucidn se le agregd 0.1 g de quelato
de fierro (Fe-EDTA) cuando las plantas estu = .
vieron grandes.

La fertilizacion y el riego se realizaron en forma conjunta de modo que

combinaciones de los niveles de los dos tratamientos mncionados re
' #iltaron en ocho con:inaciones de tratamientos cuyas soluclones tienén
1as caracter{sticas mostradas en el Cuadro 2. '

Cuadro 2. Salinidad y pH de les combiraciones de tratamientos

Salinidad del sgus {eelisehed: a 25° C)-

Tratamientos

Pozo Poro+CIiNg poto + CiNa . o

) + fertilizantes C
Clave incxr(%) incr(¥$)

FisL 1.23 1.23 ) 3.38 0o 7.3

Fl182 = . 123 3.3 . 168 5.22 . 5h 7,33

ri1s3 : 1.23 k.3 249 6.50 o2 7.30



Fas1 1.23 A1.23 ) 5.18% 53 . 727
ros2 .23 3.3 168 7.0 10 ' i7.26
r2s3 123 L3 2k9 8.00 .13 _.T.2h

# 8in adicidn de CIRa

Las caracter{sticas quimicas del agua de pozo para el riego figuran en
el Cuadro 3.

~ Cuadro 3. Caracter{sticas quimicas del agua de pozo

w . 7.10
'C.E. (milimhos/em a 25°C) T L3
ca't (m.v./1) 110,40
Mgt (m.e. /L) : ©0:36
Fat (me./L) 1.60
' (me./L) 1 0.10
~Suma de cationes (m.e./L) 12,46
co§” . 0.00
805" 2,26
Suma de aniones (m.e. /L) 12,36
Boro (ppm) 0,00
Relacidn de Adsorcion de Sodio 0.68

Clasificacién c'3 g

* Agnn altamente aalina y bajo pgligro de sodio

' Ss explod el diseBo estad{stico de bloques completamente al azsr «n dis

posicidn factorial de 3 x 2 con dos repeticiones. Lap unidedes experi-

mentales consistieron de 12 pores de 10y de largo y 1.20 x.de -ancho, 10

de las cuales fusron de piso de tierrs y paredds de ladrillo sevestido

' con wna capa de arena cemento y dos Poras fueron excevadas entivrrs.La

_ alturs de las pozas varid de 30 a 45 cm. Al plso de cads pora sw l¢ d16
uma pendiente longitulinal de 1% y en el extremo més bujo we {nftails un

_ tubo de desagiie de PVC de 2" de didmetro y 20 cm de longitud., -
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Las posas fueron cubirtas por ldminas de polietileno negro e 20 »ild
simas de pulgadas de espesor para aillarlu del nuolo. Enmdioy . a
1o largo de cada poza y encima del plastico re instald un sistesa de
drenaje hecho con tejas superpuestas y consctada al tubo de dessgiie de
1a poza (Fig.1). Finalmente, se llenaron las pozas con uuk capd d¢ &
rena de 30 cm de altura. Colindando cm las potas y para ¢l lade  de
‘los dessgiies de lzs as se hiro un piquefio canal para raeibiz 1os w8
currimientos que salfan por los tubos ds deungua. Se higo un levalo ~
de sales de la arena, la cual finalmente maonto una conductivided e .
léctrica de 3muhos/cm a 25°C. La arena presentd un 98%de arema
mente dicho y 2% de 1imo y su capacidad_de retencicn de agua fus 42 ﬁﬂ
Lz densidad seca del suelo fue 1.4 g/em3. El sistem hidwaunlieo para.
el riego consistfa de una cisterna para almscenar el agus ds pofo, una
" bomba de ugua para impulsar 2l ngua, un filtro de agus, un ‘sistema de
inyeccidn de 1z nolucion fertilizante y de ClNa al agua de po%o y wn
regulador de yresion del agua. El sistemn de tuberfa de conﬂuccion -
consistid de:

; Una tu’ou-fa principal enterrada de FVC de 1" de didmetro}

b) Una tuberfa secundaria de polietileno negro de 16 m de dismtro 20,

nectada a un elevador de tuber{a principal mediante una valvnla de
compuerta que permite independizar el riego de las pozas que perte~
necen a un determinado tratamiento;

c) Una tuber{a terciaria también de polietileio negro de 16 sm de dia
matro conectada a la sscundaria por una conexidn en T.

d) Por las tuber{as laterales también de polietileno de 15 »m de didme
tro que llavan los goteros de riego incorporados y autoregulados de
Jrred delgada que dejan salir el 1{quido de 1.2 a 3.5Iph a wa prs
8idn de trabajo de 0.8-4,2 atmdsfera de presion. En cada pozs hu
bieron 3 1{neas lnterales distanciedas 40 cm entre ellas,

- La variedad de lechuga empleada fus la americana Great Lakes 699 Las
plantulas provenientes de un aluacign se trasplantaron & los 31 dfas
en las pozas de arena, en hileras distanciada kO cm entre ellas. Bl
distanciamiento entre plantas fue de 3) cm alcansandoss ml. denaidad o
quivalente a 84,183 plantas por hactdrea.

Durante 14 dfas las plantas de todas las pozas recidieron el mismo tra

tamiento de riego y fertilizacion: los sicte m-imeros dfas se regaron

sdlo _con agua de pozo y los sigulentes siete dfae ge regaron con la so

lucidén correspondiente al tratamiento F1S1l. A partir de la tercera -

semna se implementaron los diversos tratamientoa. Los iegos se die
ron diariamente, de 1 a ki veces por dfa. .

LOI goteros funcionaron emitiendo un caudal de 2.7 L'ph Y DArs uns pre-
81dn de trabajo de 19.5 m de columa de agua. Rl numero de goteros ypor
pota fue de 80. El tiempo de riego era sguel que demoraba én salir las
primeras gotas de agua por el dessgile dc las pogas. El rango de¢ & ne.-
cacidn de agua fluctud entre 1.6 y 6.7 xm/riego. Para 3oz posas
tratamiento con sus dos mpaticionu) se aplicaba un caudal de 5.52 L/
min.



Los riegos se dieron hasta 7 d{as antes de 1a Ultima ccsecha para eviiar
la pudricidn de las plantas. En total, cada poza recibis riego equiva -
lente 4 unos 188 mm, es decir, casi 4 em por dfa.
Para el andlisis se consideraron el rendimiento total de iechugs al esta
do fresco y como raterla seca, rendimiento de lechuga comoreial al euta
do fresco, la productivided media del agua o sea 1a eficlancis; .del ugo
del agua por las vlantas en relacion al peso fresco de las lxehugAI Y.
considerando el rendimiento total. Se hicleron tarbién dblervacionel L]
bre el color y apariancia de las hojas.

RESULTADOS Y DISCUSION

i

En el Cuadro 4 se presentan datou sobre la influencia de los tratamiene
tos de salinided y fertilizacidn sobre el rendimiento total de lechuga
fresca. Obgervumos que para amhos niveles de fertiliracion, el randimien
to dilminuyo con el aumento de la #alinidad, pero el porcentaje 48 rcduc
cidn del vendimiento fus menor en Fl que en F2, Asimismo, para un mdsmo
nivel de salinidad del agzus de riego, el doblar la fertilimacidn no sig
nifico incremento de rendimietto sino una reduceion dehido a que ge au
montdé la selinidad. A nivel de S1, F2 mostrd una reduccion cerckna a

con respecto a F1, pero a nivel de 52 y 53 laa reducciones fueron mu
cho mas notorias. Es decir, el aumento de la fertilizacidn no eonpenlo
el efacto depresivo de la salinidad sino por el contrario lo agravo.

CUADRO L. Influencie de los tratamientoz de salinidsd y fertilitacion
* °  gobre el rendimiento total de lechuga fresca.

Fertilizacidn o
S8alinidad Fl . T2
del egua
t/ha % reduceion - t/ha % reduccion
s1 ' 69.8 0 54.7 0
82 59.8 1k 16.A T0

83 54,7 22 15.0 n




En el Cuadro 5 se observa que el efecto de los tratamientos sobre el ren
dimiento de lechuga fresca comercial sigue la misma tendencia anterior
pero con la diferencia de que a nivel F2 no se obtuvo lechuga comercial
con 52 y 3. Las hojas con S2 F2 y S3 F2 mostraron s{ntomas tfpicos de
quemaduras debido a la salinidad.

CUADRO 5. Influencia de los tratamientos de salinidad y fertiliracion
aobre el rendimiento de lgchuga fresca comercial..

Fertilizacidn
Salinids? Fl ra
del Agua
t/ha % reduceidn t/na % reduccidn
Sl 6c 7 0 51.9 0
52 55.9 20 0.0 100

’

83 51.9 26 0.0 100

La misma tendencia se obgervs en cuanto al rendimiento de materia seca
(Cuadro 6) y la productividad ge1 agua o sea la cantided (toneladas) de
%echuga f§eaca producida por m® de ngua (molucidn nutritiva) emplesda )
Cuadro 7). S

CUADRO 6. Influencia de los tratamientos de salinidad y fertilizacidn
sobre el rendimiento de materia seca de lechuga.

Fartiliracion
Salinidad F1 P2
_el Agun
t/ha % reduccidn t/ha % rpeduccidn
s1 3.84 0 2.95 .0
52 3.00 22 0.68 T

83 2.20 43 0.62 79




CUADRO 7. Influencia de los tratamientos de salinidad y fertilisacion
sobre la productividad media del agua

Pertilizacion _
Balinjdad m 2 .
del Agua’
t/ha % reduceidn t/na 4 ‘roduccién
s1 0.037. 0 0.029 0 -
82 . 0.030 19 0. 009 69

83 0.029 22 " 0,008 72




Nutriernt solution in salinity

The ion contents in the saline water sources used in our experiments
(report 11 and III) are differemt than those in Israel. These
differences have wot beern too extremes and the general formula (page

11 on research proposal) mas—--on mest occasions--the basic formula.
During the first year we prepared. in Israel. saline water matching
Feruvian salinity and compared wcontinuously the growth and
davelopment {tomato =eedlings and lettuce) with common Israeli
salinity (approx. 26400 ppm) (Schwarz  1768) . No significant

differences were found.

A few primary trials in Ferw concentrated on the same problem» tiying
3 and 5 mM - P. raising the Fe level to doukle the amount. and

revising tetal microelements to double the amount. AlJl these
experiments are summarized iw the Peruvian publication. and no
significant «changes have been observed. The pH level was always

reduced to be below 4.5-7.

The gereral summary in “"The Ilse of Saline MWater in Hydroponics"
(Schwarz-1785). App. 5. was found suitable in all our work.



A study was conductad in ths Mational Avrori .n Unlversity
(Poru) to investipnte lottuce growth in sand using saline
weter-anc drip irrigption. Lettuce plants (var.
wore transplanted in sand culturs units (12 x 1. 1 m) at
the beginning cof spring 198C. Threo salinity lavals,

23 (Sq), 3.3 (s2) una .3 (S7) wuhos /em ot 25°C and
tws faptilization levels, Schyarz Tarmula (1) and double
gtren~th «f the sowas Topeules only ‘n omaercnutrioents (Fgl,
wers tzsted as a Zx2 factorial. With the addition of
nutrisnts, final water sanlinity was 3. 38, 5.18, 5.22, 6.5,
7.1 and 8.0 mwhos/em at 25°C for F1S1, F2S1, F18p, F1S3,
Pouo and Pasz, respectively. The send units vere irripgnted
fowr timos rax dHxy deily during the first twc woeeks and
than only vnca daily. EBach irripetion lasted not more thon
27 minutose. ‘
Hiphly significant differenc s woere found between treatments.
Fresh yiolds were 69.C, 5.7, 58.9, 5.7, 16. 6 und 16.0
ton/ha for F1S,q, F2S1, F1S8p, Fi5z, ‘FoSs dnd. PZS~, respec tively.
An increase in mocronutrlent c: neentretion did not ¢ .mpensate
the dewressive affect of salinity. On ths contrary, yield
roduction was grocter.

“Foraoncl communlestil n, Jeruralem Cellara »f s chnolepry
F ( [
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SUMMARY

Energie supply by respiration for root functioning is related to maintenance
and growth storage and translocation activities.

Maintenance respiration may require up to 30 % of the avail;ble oxygen under
stress conditions. During high root activity hours, oxygen demand is up to 10
tices higher than at low activity hours.

Part of the oxygen may be :translocated from shoot to root part.

Night aeration or continuous air saturating of the nutrient solution, stimu-
lates - often uneccessarily - root formation, and requires plant material and
increasing yield. Extremely high aeration stimulates large root volume produc-
tion. Controlled aeration may reduce the shoot:root ratio which will e a

benefit in soilless culture conditions.

INTRODUCTION

Oxygen concentration in root environment, in saline condition and
sewage is aften very low (below 0.5 mg/l), a situation also
existing in tramped soil, and flood conditions.

In recent work (Schwarz’, M. & Gale, J. 1981) the reduction in
grevth under low salinity could be related to the increase of
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maintenance respiration. The energy. cost of maintenance is
greater under salt stress conditions as a result of requirements
for compartmentation, secretion ana for repair of cellular
damage. Mcre plant assimilate resources are required for mainte-
nance with less being left for growth, whlch is thus reduced.

In saline conditions, this higher respiration (carbon) require-
ment necessitates high oxygen supplementation, especially to the
roots, and oxygenr could be the limiting growth factor.
Oxygenating of the nutrient solution during the critical hours
may overcome this limitation.

BASIC ASSUMPTION

The synthesis of plant dry matter from glucose and mineral nutri-
ents requires the input of energy. The energy is supplied by the
respiration process, the growth respiration. In shoot parts, a
portion of the required oxygen could be supplied from oxygen
released from the photosynthetic process. In root parts almost
all the required oxygen would come from air. The growing tissues
of the root and the root tips would require the majority of the
root oxygen requirements.

The non-growing tissue additionally requires respiratory energy,
the maintenance energy or maintenace respiration. The growing
tissues require maintenance respiration during non-growth peri-

cds, and even parts of the measured growth respiration will be
required for maintenance of the growth tissues. It is assumed
that the same amount of maintenance respiration is required dur-
" ing photosynthetic active hours as during aon-active hours (Sza-
niawski 1981).

Maintenance respiration will include energy requirements for com-
partmentation, secretion, repair of cellular damage,etc.

The amount of maintenance respiration requirements measured per
dry matter of living plant tissue could be different in plant
species, as some researchers found a higher respiration rate in
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shoot parts than in root parts, others found higher rates in root
parts, and some found equal amounts (Lambers et al. 1983). Dif-
ferent methods of measuring maintenance respiration could explain
some of these differences. Maintenance repiration will be higher
in young and active tissues than in othker tissues. The energy
cost of biochemical reactions and the conservation of energy in
the respiratory pathway - the conversion efficiencies - (ADP:
0 ratio) of roots and shoots differ considerably (Lambers et al.
1583).

The third important requiresent for the ion and water uptake -
the ion uptake respiration, was measured first by Veen (1980).

A fourth component of respiration-energy Trequirements will
include the translccation energy requirements inciuding the
phloem activities, which will be be relatively high during those

active photosynthetic hours.
Where does all the root oxygen required for those respiration
processes come from, and is oxygen availability a main limiting
factor?

If the amount of available energy for al” the required processes
is not sufficient, which respiratory process will be preferred?
Is this a simple automatic process, "first-come first-served"”, or
is the plant able to calculate and control the energy balance and
first supply maintenance requirements, using only surplus energy
for other activities?

ROOT FORMATION IN SOIL AND SOILLESS CONDITION

A plant supplied with all the nutritional and environmental
requirements will have the same growth development patterns and
yield in soil and soilless conditions. The main known difference
between soil and soilless culture developed plants is, that in
soilless conditions no root hairs develop. This phenomenon is
found especially in water-culture methods, as well as in all sand
and gfavel culture (inert media culture) methods. No sound expla-
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nation was given for this basic difference. Who "told" the plant
that it is growing in soilless conditions? Apparently, plants
grown in soil grow just as well in soilless conditioas as the
water film around the roots supplies the required water, nutri-
ents and oxygen.

The requirements of the enormous combin;d-length of the root
hairs for plant growth mentioned in text Sooks (which may reach
thousands Sf kilometers for a single plant) is not required in
soilless conditions. Why? This greatly reduces the amount of root
material required for plant growth, and a normal ratio of 1:2 or
1:3 in shoot /root soil condition, can in geod socilless condition
be reduced to 1:10.

MAINTENANCE RESPIRATION IN ROOTS UNDER TEMPERATURE AND SALINE
STRESS CONDITIONS

Root functioning, dpparent bottle-neck in plant production in
most situations, is controlled by the interplay between shoot and
root and respiration rates are influenced accordingly. Reduction
of root functioning, as a result of oxygen deficiency, probably
connected to energy deficiency, was observed expecially in saline
conditions. The energy cost of maintenance respiration in sali-
nity-stress was calculated for Xanthium Strumarium (-5 x IOS
Pa NacCl salinity) to be 30 % of the decreased growth (Table 1).
It has been suggested that the salt-induced increase of respira-
tion during the day is a result of the plant being unable to use
assimilates for growth. It was found that COZ fertilization sti-
mulates growth more in salized than in contral plants. This sup-
ports the hypothesis that at low salinity the plants suffer from
a shortage of assimilates due to reduction of photosynthesis and
an increase of maintenance respiration.

The carbon fixation efficiency (carbon remaining in plant after
24 hours = carbon fixed-maintenance respiration) was found to be
about 0.75 for all Plants and is not affected by salt. |
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Table ! Daily root requirements for oxygen (i.. /umol) in salinized and
controlled plants (for 5 g fresh weight roots) (Schwarz & Gale 1983)

Salinity Salinized plants Control plants

in mmol day night day night

Nacl 14 h 10 h 14 h 10 h

Xanthium strumarium 130 191 65 176 50
Phaseolus vulgaris 140 202 98 180 75
Atriplex halimus 170 127 55 117 45

Morphological disorders under low saline conditions, f.g. reduc-
tion of leaf thickness, leaf area and internode distances, are
expected to be amongst the reasons for reduced growth. Recent
research indicates clearly that these disorders are also a result
of reduced available energy in salinized plants for plant struc-
ture, and not a result of salinity per se, as most of these dis-
orders could be alleviated by increasing the CO2 level.
Maintenance respiration increases with rising temperature
(Schwarz & Gale, 1983). An increase from 16 - 28 °C in Xanthium
strumarium increases the maintenance respiration requirements by
100 v (from 200 to 400 /mol COZ/gdw/day) under control conditi?ns
and in low saline stress cenditions by 65 1 above the saline
stress maintenance respiration requirements.

In saline conditions, when the photosynthetic activity is already
reduced, and the salt maintenance respiration is high, the tempe-
rature stress maintenance respiration will put an extra burden on
the carbon balance in the plant.

THE DAILY -ROOT RESPIRATION COURSE

A “typical" daily respiration course of a tomato plant is seen in
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Fig. 1. After light was turned on, root respiration rose. Photo-

synthesis reached maximum rates after approximately 90 minutes
The beginning of maximal rate of root

respiration is delayed
about 130 minutes. The same delay of a

130 minute period, is the
decline in root respiration after the ligh} was turned off.
Salinized plants require more
ration in shoots and rcots,
affected (Schwarz & Gale 1981). The relationship between photo-
synthesis under saline condition and the root
shown (lines marked x-x-x and 0-0-0).
ning of maximum photosynthesis,
was delayed.

2nergy for their maintcnance respi-
and their overall carbon balance is

respiration is
Salinity delays the begin-
and accordingly root respiration

i

r
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Fig. 1 Daily co i
g Y course of uptake and efflux of C02 in normal and salinized

tamato plants

x-x = salinized root respiration
0~0 = salinized shoot respiration
— = normal root respiration

——- = normal shoot respiration
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The following periods may be observed in root respiration:

Day, period I
Gradually increasing; shortly (minutes) after starting photo-
synthesis until (minutes to hours) maximum photosynthesis.

Day/Night, period Ila
Constantly high, equivalent to maximum photosynthesis.
Continuing IIb at night (related also to accumulation and
storage of photosynthesate).

Night, period III
Gradueally stecep decreasing, and continuing several hours
(related to reduced accumulation and storage of photosynthe-
sate).

Night, period 1V
Contant rate. .

With increasing salinity the increase in maintenince respiration
requirements (Schwarz and Gale 1981) will leave less free energy
for the root, and full root respiration rate will be obtained
later. Root respiration in dark was always found to be higher
than in shoot.

Root respiration of beans was found similar to tomato. In maize
maximal root respiration occurred approximately half an hour
after beginning of photosynthesis and this rate remained con-
stant. This rate was reduced shortly after the dark period began.
The knowledge of the daily course of the energy used, the respi-
ration rate of the roots in regular and saline conditions, may
help to understand the root requircments and open a possibility
to control and/or supply adequate 02 for this respiration rate.
The deficiency of oxygen, or the excess of CO, in roots will
greatly reduce root activity, especially in saline conditions
(Brouwer, 1979). Metabolic activities of roots are unaffected by
lowering 9, concentration, until it is very low (Greenwood 1969).
The knowledge of these low rates, in regular and saline conditi-
ons, may help to supply only the required oxygen amount and sav-
ing of energy in recycling nutrient solution as in water culturc
method, or in drip irrigation conditions, and to add amount of
air or oxygen only, when requested by the roots.
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It is generally accepted that root growth occurs mainly in "night
time”, when the roots are free from other - more primary - "obli-
gations", as intake and uptaks of ions, translocation and storage
of phyotosynthesate. The energy requirements for those more pri-
mary functions may not leave enough free energy for growth pro-
Cesses during day time. It is a general rule in life science that
an organism uses its energy ar' sources first for maintenance and
then for cther productive plant requirements.

According to Fig. 1, day time root respiration will continue into
night - depending on plant species - 60-120 minutes. It seems
that root aeration will not be required during the subsequent
night hours. Root aeration will increase during these hours
causing some unnecessary root formation.

In some plants, part of the oxygen requirements of the roots
could be supplied through the leaves and stem (Greenwood 1969).
Since saline conditions require relatively large quantities of
oxygen for root functioning, it was suggested that among the fea-
tures of low salt-resistant plants will be the ability to trans-
fer oxygen from shoot to roct. Primary observations support this
idea.

In Table 1 the amount of Oxygen requirement, day and night in
three salt resistant plants are presented.

During night hours (night hours starting 120 minutes after dark)
all the oxygen was removed from the nutrient solution by bub-
bling nitrogen. No difference in growth was observed. This con-
trolled root aeration will be examined in further experiments.
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Fact 0E=77
Qbjectives
L, T determine and control the rootishoot ratio toward Inmcreasing

[a]
harvezt tndex ratto under saline conditions.

: To determine the plant carben i{enevrgy) balance as  the maimnmternance
regpiration of vootsz avwd enhcotz under salivne conmditions and thersw
daily course.

z. To avaluate the phytohkormone balance wnder these conditions.
1, To evaluate theze findings for economic DuUurposes. especially  for

root harvest plants zuch az potato. zweet potato and tomato.

. -
ummary _nf the Research Concepts

Exploitation of marginal water resources for agriculture is one of the
main vreguirements  fon increasing  food production  in many countries.
Lmportant resources are caline and brackish water in warm semi-—-arid and
ari1d areasz. .

In recent work (Ichwarz and Bale. 1%#1) the reduction in growth under
zalinity could be related to the increase of maintenance respiration.
lhe energy cost of mainternance increases under salt strese conmditiong as
2 result of reguivrements for compavtmentation: secretion and for repainr

2f «cellular damaqe. More plant aszimilate recources are reqguired for
matntenance. leaving less for growth. which is thus reduced., The evergy
zost of maintevance respirvation in salinity was «calculated to be

responsible for 3F0XN of  the decrezsed growth in some C4 salt resistant
nlant zaecies. The carbon fixation 2fficiencsy {(Carton remaiving in plant
after 24 heuars) 15 0.7%: and was not affected by salt.

fRoot fuwmctioning. aften an apparent bottleneck inm planmt production: is
contrelled by the 1nterplay between =zhoot and voot. Recpiration rates
Are influenced accordingly., Feduction of root functioning. as a result
of oxygen deficiency. mas observed especially in saline wconditions
tArmstrong. 17E1) .


http:Respiratio.ri

Tha woot/shoot ratio ie influenced by nutrition as observed in
soillew Srlture conditions. High yields could ke oktained in  tomatoes
on a 14 ,not:shoot ratiec as compared to the regular 1:3 ratio.

The root/shoot ratio 15 affected especially ivw salinity. on the oxygen
level availakle to the roote. There are ctrong indications that
oversupply of oxyagen to the roots—--especially at wight time. will produce
Figh root volume which will be a bkallast (increase¥) on plant-yield
productivity. A too low oxygew level:. egpecially during photaosynthetic
active hours wrll have well known deleterious effecis,

The root oxvaen level and the day-wight fluctuation cowtrol the carbow
tkalance and the root to sheoot ratio.

Cptimal oxygen supply and dizstribution for respiration processes in
roots and zhootz anmd the ratio betwesen them are of primary importance for
ercomomical crop production an salinity. EBetter knowledge of these basic
processes will lead to understanding of the mechanis=m of plant tolerawnce
to salinity and its economics.

oot development also depewds on media and environment: for examples
many - hyidiopontecallv-grown plants  have no rootlets. and shoot—to-root
~atino varies to extremes in the same plant uander different growth
ovedibrone. Thegse haszic differerncez may influence yield, The waste of
amargy  Thr produsing unnecesszary plant tizsues and organs and the extra
anergy reguired for msantenance vespivation of this "unimportant" plant
natevial:. may he o7 high =conomic wvaluwe.

Contvrollivng vooiiszhoot vatio will Le important. especially when
Jrowing root—harvest plants zuch as potato and sweet potato using =aline
watsr.

[ndiczatione of ths =sffects mewntioned have beer observed under
sontrolled - cowmditionz st Bar-Ilam maverszity and Fhyto—-trown. Duke
iversity porth Carolina and  under pilot plant conditions at  La
Melina iversity. Limas Feru.,

)

Thic rezearch will aoper the possibility of using more efficient =aline
mater sources. to be found in arid areas. especially nusing sand and sandy
zail, '



Methods

The basic research program will be conducted In Israel at the Life
Sciences Department of Bar—Ilanm University and the Jerusalem College of
" Techology. Jerusalem,

The Fhyto—tron Engineering facilities and controlled-environment units
(arowth «<cuvettes and chemters) available in both laboratories will he
used.

. The study. to be conducted under pilot plant (200 m2) conditions will
employ sand culture methods and saline water (2500 S000 ppm).

Luration: 3 years Starting Date: January 1771
Estimated EBudget: i
Fersonnel $125, 000
Suppl iess equipment 25,000
Filot plant 40,000
Travel 1y Q00
Lverhead 22000

Total : $240,600
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Oraft to ke presented at
American Hydroponic Society Meeting:
May, 19770, Vancouver

ROOT SHOOT-RATID AND FLANT GROWTH UNDER SALINE CONDITIONS

The basis for successful gromth under high salivne conditions is a
good aevated growth medium such as saqd: and supplying the media with
a fertilizer nutrient solution.

Accurate cowntrol of water—ions—air  (oxygen) in the plant®s root
volume is critical: due to the low capacity of sand to retain these
comporienits. In deep sand areas the excess solution will drain to the
lower levels:. and each irrigation replaces the nutrient-water content
in the root-holding sand-medium level.

Secientific background of the special problem

In recent work (Schwarz. M, and BGale- J. 1781, Carbon balance of
plants growing under saline conditions)s. the reduction in growth
urnder low salinity «could be re. ated to the increase of maintenance
recpiration. The energy cost of mainterance is greater under salt
stress conditions as & result ¢f reguirement for compartmentation:
secretion and for repair of cellular damage. More plant assimilate
resources are reguired for maintermance with less being left for
growth: which is thus reduced. The ewnergy cost of maintenance

respiration in salinity was «calculated to be 30X of the decreased
growth in some 4 salt resistant plant species.

The photosyrnthetiz mecharism:. per se. was not affected by salinity.
The carbom fixation efficiency (carbon remaining in plant after 24
hours) is 0.75. and was not affected by salt. Cl» supplementation
ivicreased plant tolerance of salinity levels. and morphological
charges under salinity were counteracted by high ambient COx. The

root—-to-shoot ratio was raised.

In =caline conditionss this higher respiration (carbon) reguirement
necessitates high oxyagen supplementation. especially to the roots.
and oxygen could be the limiting growth factor.

Root furmctiowmings an apparent bottleneck iw plant production: in most
situationss ic controlled by the interplay between shoot and root.
and respiration rates are influenced accordingly. Reduction of root
functionming. as a result of oxygen deficienzy was observed especially
in saline conditions.

The waste of energy for producing unnecessary plant tissues and
organs and the extra emergy requirved for maintenance vrespiration of
this "unimportant” plant material, may be of high ecormomic value.

The root/shoot ratio is influenced partly by nutrition as observed in
soilless culture conditions. High vyields w«ould bke obtained in
tomatoes on a :7 rootishoot ratio as compared to a regular 1:3
ratio.



The root/shoot ratio is affocted especially in saliwnity on the oxygen
level available to the roots. There are strong indications that
oversupply of oxygen to the roots——especially at night time--will
produce high root volume which will be a ballast to plant-yield

productivity. A too 1 ow oxygen level. especially during
photosynthetic active hours: will have well known deleterious
effects.

The root oxygen level and the day—night fluctuation control the
carbon balance and the root to shoot ratio.

Cptimal oxygen supply ard distritution for respiration’ processes in
roots and the ratio between them are of primary importance for
economic crops in salinity.

It should be mentioned that the highly active hours of the root
respiration continue in many C4 culture plants 40-70 minutes after
darkness and start at a similar timespan after reaching morning
maximum photosynthetic activity. These are the critical hours of
controlling oxygen level in roots for rootishoot influences and
zarbon balance.

The preoblem investigated was
a) on field conditions and pilot plant facilities in Ferus
b» ow controlled ewnvirommental «conditions in Israel-—Ear Ilan

hiversity

Objectives: a. To study the recot/shoot ratio and erergy (zarbon)
balavce in plants growing in saline conditions.

k. To cowtrol root/shonot ratio for improving harvest
index in saline conditions.

To demoncstrate the practice oy growing semi—-salt
tolerant culture plants in the near inert sand of
the arid coastal area of Feru. while using the only
availakle saline water sources.



The beginning experiments include!

Optimal oxygenating day and night.

Optimal oxygewmating only at day.

Dptimal oxygenating only from 40-70 minutes after
daylight until &40-%20 minutes after darkness.

4., Control: mo oxygenating.

DO A

The above in saline level of 3000 TOZ &nd cowntrol.

Flants used are local varieties of tomato (var. Faculty 38). lettuce
(var. x22). and cabbage (var. Tasty). Plant tests include the
reqular plant observations. rootishoot ratio and yield consideration.



ts in saline and control conditions with additional root aeration

Shoot (fw) and root {dw) of tomato {var. Fac. 38) plan
nal aeration (C),

at night (N}, day (D}, continually (F), and no additio
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Shoot (dw) and root (dw) of iettuce {var. 163) plants in saline and control conditions, with additional root aeration at
night (N}, day (D), continucusly (F) and no additional aeration (C).

dw. dw
am gm
300- n‘- 200- r{_
4o - ‘ Yoo~ . 1.
) ) -{ ] . .
' {1t 1]
control saline control saline
dry weight dry weight
shoot
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Short Discussiont
Lnder saline conditions in tomato plamts increased root and shoot
volumes are observed wnder continuous aerationi when no additional
aeration orcurss: or in circumstances of interrupted aeration—-—-day or
night-—there is reduced root and shoot mass. This lower root and
shoot volume will reduce the carton (ernergy) loss by vespiration. To
determime if this reduced plant mass production will affect plant
yield-——fruits--will require further investigation.

In lettuce plants. under salive conditions. an increase in root and
=hoat macs was determined when there was night time aevation. This
increases the yield—-—the lettuce head—-—as well.

Day and/or night root respiration certainly plays an important role
in plant development under saline conditions. as demonstrated in this
experiment. Reduced or additiomal root aeration may te the key for
ecomomic w<rops iw salinity. and the bhest aeration schedule will
differ accordiny to whether the root: the shoot or the fruit alone is
the product whose yield needs to ke increased. This rootishoot
talance undew salinity requires further and primary investigation.
including plant hormowvie balance.

g7/ hydro.mch
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ROOT AND SHOOT RESPIRATION WITH HALF ROOTS AND SHOOTS

UNDER SALINE CONDITIONS

Meier Schwarz

The root:shoot ratio and their carbon balance influences have received
miner intersst in recsent vears, compared to the literature 20 vyears
ago. Some of the older "findings' should be reviewed and re-examined,
while growing under controlled environmental conditions. The carbon
balance (changes and 1losses (raspiration)) under high light and CO=
cpnditions will affect the root:shoot ratio.

A first observaticon was made to determine the influence on respiration
of reocot:shoots under full and half roots and shoots grown under high
light and high C0O= conditicning, under saline stress.

Tomato rlants (var. red cherry) were zrown in greenhouse conditions, in
growth media gravel:vermiculite 2/2:1/3 (v:v), using half-strength
modified Hecagland nutrient solution.

Plantz w=re transferr=sd to  asratsd water culture (. modified
Hoagland nutrisnt scluticon) in glass cuvettes. The plant stems passed
through holes in Z-cm thick rubbsr bungs, seal=d with plasticine.

Conditions wers: 12 h light at 600 ¢4 mol m~= S~ photoe flux density
(400-700 pm:, with mercury growth lamps. 25/182 £ 0,.52C dav/nizht air
temperaturss and 60%  * BN relative  humidity; 1000 ppm CO= in the
shoot chamtber.

Roct and shoat respiration were measured with IRGA instruments. Fresh
and drv weight of root and shoot parts were weighed and respiration (Pg
0=) per gram dry w=ight per second-calculated.

ware taken thre= hours after light start and night

Davy measurem=nts
- 90 minutes from beginning of darkness.

measur=ments

Salinity level of a total of approximately 2,500 ppm received after
three days and stepwise increasing salinity (Schwarz, 1968).

Results:

Root respiration of 10-week-o0ld tomato plants in Ng O=/g dw/sec.:

full half full half

shoot shoot root shoot
root day 12 10.5 11 12
respiration night 3.1 3.4 3.1 3.€

no sign. diff.



THE INFLUENCE OF ROOT AERATION ON ROOT:SHOOT RATIO

IN SALINITY ON TOMATO AND LETTUCE

Tomato plants (var.f«¢}) and lettuce (var. » 63) were grown under saline
(3,000 TDS/1,500 TDS8) and control (690 TDS) - nutrient solution
~onditions, in 1/2-23/4 cm particlss of tuff (porcus vulcanic ash from
the Golan Heights) gravel. Plastigc growth containers, 30 cm diameter
and 35 cm depth, were aerated through perforated plastic pipes from
underneath. A=sration occurs in the daytime (from sunrise to two hours
aft=ar sunset) or at night (from two hours after sunset to sunrise) or
continuously ,and contrel! =~ (no additional asration).

Four-week-old plants were adapted - gradually to the salinity levels
within seven days and then, the aeration treatment started. Six
replications for each treatment in three treatment series have’ been
studied.

Tomato treatment continues for six weeks; lettuce treatment for three
weeks.

Root and sheoeot fresh and dry wesight was taken.

The results of one of the experiments is summarized belcw.

In lettuce plcits (salt-sensitive). no differences have been found in
the varicus asration treatmsnts. Lettuce head (shoot) vield was,in non-
=aline ~ondition, average 35% higher and 40% in root we=ight. The taste
of the saline-treated plants was more bitter, comparead to contrel
plants.

Short Discussion:

"Night-time'" for roots starts approximately 20 minutes after darkness,
when shoot-to-root translocation is reduced and root maintenance
respiratien is near the minimum (Schwarz and ©Gale, 1984). Aeration
during these '"non-requested" root activity hours may induce production
of new roots. mostly not required and a burden on the carbon balance in
the plant under salinity.

7,71



Primary Results and Discussion:

The main conclusion of these first experiments is that the root
respiration - per gram weight - is not influenced by the amount of
roots or shoots. If the half-root or shoot produces the same root
activity, the other half can be a waste for the plant productivity - a
burden on the carbon balance. The respiration and maintenance
respiration of this non-required plant material could be free for other
rlant activities and may raise te harvest index ratio ', under saline
conditions!

Suggestions for Further Observations:

The primarv cohservation was with a Cs salt-tolerant plant (tomato).
Similar observations &are important with =salt-sencitive plant, Ca
plants and control conditions.

Is root velume production influenced by root aeraticn (day or night)?
Where is the border between too much and toc little aeration?



SUMMARY

FURTHER SUGGESTIONS:

Root:Shoot Ratico and Harvest Index in Salinity:

This ratic will b2 of primary impertance under salinitvy and contreolled

conditions. ,

The influence of root aeration - oxygen contrel - and at variosus day
and night hours - has to b= determined and their balance calculated.

The economic consideration will be for root-harvest plants such as
sweet potatos. potatos (saline resistance varieties), carrots and fruit
plants (such as tomatos), as a result of the carbon balance in the
plant and horncne transport.

Bazic research will include determining the carbon balance (maintenance
respiration) of shoot and recot, day and night, reduce non-required
plant mass for most of the roots (a burden on the carbon balance!).

Culture Plant-sSrowing at Hisher Altitudes (low atm. pressure):

The influence of growing culture plants under 1low atm. stress
conditions (high Andian location) under fully controlled nutritional
cznditions and various contreolled =nvironmental conditions (light,
C0=) should be studi=d, to find the limiting growth factors in this
=nvirenment and to improve vields and adapt varieties to this area.



Recent Pubklication

The main field information obtained in recent years: including the
‘work inm Feruw, will be published 'Cin print) bty the Food and
Agriculture Organization (LLLN.) in Rome in the next few months. It
is proposed. by the same orgawnization to prepare a "Simple
Techriologies for Small Scale Soilless  Cul ture Vegetable FProduction
Zystems in the Tropics" to be published in 1971, based as well on oLy
findings in  Feru. In all +these publications AID work will be
mentioned accordingly.

In the ”Dx}genating of Nutrient Solution iwn Normal and Stress
Conditions” in Soilless-Culture. S:1, 45-53 (Schwarz. 1929) some of
our primary assumptions during the last period of research are
included (App. 4). The coming reports. "Oxygenating of Growth Media
in Normal and Stress Conditions" includes our recent findings.
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