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Executive Summary
Overgrazing and tree felling are among the leading causes of desertification in the
antd and semu-and zones of developing countries Precipitation 1n these areas 1s
usually low and erratic However, large volumes of runoff water can frequently be
harvested, conveyed to and trapped 1n dike surrounded plots in which the water
nfiltrates Trees planted in these plots after flooding grow well and high yields may
be attained Unexpected large gaps between rainfall and runoff events may occur and
towards the end of such pertods the trees may have absorbed all the water stored in
their root zone and die Providing the trees with even a moderate amount of water
during unexpected dry spells may ensure tree survival during the early growth stages,
and/or minimum biomass productivity for adult trees
Shallow underground brackish water sources are frequently present in arid zones The
high salt content usually precludes their use for the wrrigation of traditional crops
However, the sporadic application of brackish water to relatively resistant trees may
be feasible, particularly in the case of runoff imgated trees, in which case the salts
may be leached during the flooding of the plot
Within the framework of project C11-133 “Coordmnated use of marginal water
resources 1n arid areas “ we carried out field trials in Kenya and in Israel and the
physiological response to brackish water was studied 1n pot trials in Israel We used
Acacia saligna a leguminous multiple purpose fast growing shrub n all our tnals In
Israel we carried out controlled field tnals in which the interactions between winter
runoff, two levels of salinity and two umigation frequencies were studied Brackish
water (EC= 6 dSm "Ywas obtamned by adding NaCl to the fresh water Cross sectional
area was momtored as an indicator of biomass production The latter was always
positively affected by the application of runoff No effect of brackish umgation was
evident for the two imngation frequency treatments We added two well-watered
treatments (fresh and brackish) for comparison and 1t these treatments we found a
sigmficant difference between fresh and brackish treatments The relation between
Predawn leaf water potential (which was used for wmgation scheduling) and total
amount of water 1n the soil was affected by salt addition, indicating that the osmotic
effect in the root zone may be of importance under field conditions
The addition of NaCl to the irrigation water decreased the hydraulic conductivity of
the soil surface layer The conductivity increased after flooding but not to the level 1t
had prior to application of the salt The level which it regained after flooding after the



second wurigation year was lower than for the previous year indicating that prolonged
wrrigation with brackish water will irreversibly damage the hydraulic properties of the
soil The area affected by salts was limited to the wetted area close to the trunks but
the overall percolation of runoff water (flooding of the whole plot) proceeded at
essentially the same rate for all plots Salt concentration was also monitored 1n the soil
profile to a depth of 1 m and at three distances from the row Samples were obtained
prior to and immediately after flooding Electrical conductivity and the concentration
of Ca, Mg and Na were determined In all treatments irngated with brackish water the
highest concentrations were found close to the tree rows Flooding leached the salt to
deeper hornzons

In the Turkana area in Kenya the tnial was carned out with natural brackish water
pumped from a shallow acquifer Some selected physiological parameters were
momnitored and 1t appears that mud-day stomatal closure is an important water
conservation strategy of the shrub studied Imgation changed the observed pattern and
no mid-day depression was observed Transpiration measurements indicated that is
regulated by stomatal aperture dunng the drought periods and by vapour pressure
deficit when water 1s available 1n the so1l No effect of water quality on the measured
parameters was observed

The effect of salt on some physiological processes showed that the effect of salinity
can be offset, in pot trals, by the addition of mitrogen fertilizer (as nitrate) Both
salinty and mitrate addition reduced nodulation The addition of Molybdenum
together with Nitrate reduced even further the negative impacts of salinity 1n the pot
grown shrubs This effect was not observed when the trial was carried out n
hydropomc conditions

The results of the tnals carmed out in the various locations bear out our imitial
assumption that brackish water can be utilized to offset the severe drought which may
occur between two flood events A crucial aspect of the system tested 1s the localized
application of brackish water that allows water to percolate freely into the soil n
between the salt-affected areas The long term accumulation of salts may however
affect shrub response and it 1s therefore necessary to continue the long term

monitoring of all the relevant variables



COORDINATED USE OF MARGINAL WATER RESOURCES IN ARID AND
DESERT AREAS

INTRODUCTION

—

Overgrazing and tree felling are among the leading causes of desertification 1n the
anid and semu-anid zones of developing countries Precipitation in these areas 1s
usually low and erratic However, large volumes of runoff water can frequently be
harvested, conveyed to and trapped in dike surrounded plots in which the water
infiltrates Trees planted in these plots after flooding grow well and high yields may
be attained Unexpected large gaps between rainfall and runoff events may occur and
towards the end of such periods the trees may have absorbed all the water stored in
their root zone and die Providing the trees with even a moderate amount of water
duning unexpected dry spells may ensure tree survival during the early growth stages,
and/or mmimum biomass productivity for adult trees

Shallow underground brackish water sources are frequently present in arid zones The
high sait content usually precludes their use for the unigation of traditional crops
However, the sporadic application of brackish water to relatively resistant trees may
be feasible, particularly 1n the case of runoff irngated trees, in which case the salts
may be leached during the flooding of the plot

The overall aiam of this project was to stabilize and eventually increase the
productivity of multipurpose fast growing trees (MPFGT) grown on runoff water

generated from floods by adding brackish water from locally available sources during

dry periods

RESEARCH OBJECTIVES

1 Assess the response of Acacia saligna, a multi-purpose fast growing legume shrub,
to various combinations of runoff and wmngation with two levels of salt
concentration

2 Assess the effect brackish water has on the physical properties of the area ungated
with brackish water

More specifically. the objectives of this project were to

1 Assess the effect supplemental wrigation and water quality have on the
development and productivity of the above ground parts of MPFGT
2 Assess the effect supplemental irrigation and water quality have on nitrogen

fixation patterns of the tree



3 Study the effect brackish water has on the physical properties of the urnigated area
and on the overall infiltration rate

4 Determine the leaching efficiency of the runoff water and the distribution of both
water and salt, after flooding

In order to meet the objectives described, we planted Acacia saligna, a proven

multipurpose fast growing legume tree, in both countries (Kenya and Israel) and

imposed a number of treatments, which will be described n details later in the report

1 Irngated only with fresh water

2 Irngated only with brackish water

3 Simulated runoff

4  Simulated runoff supplemented with fresh water

5 Simulated runoff supplemented with brackish water
SITE LOCATION

1. North-west Kenya - TURKANA
The Turkana Region (see attached map) 1s in North-Western Kenya (34° 51° East and

3° 43’ North, altitude ca 390 ma s 1) 1s well suited to runoff agroforestry due to its
climatic conditions and the socio-economuc situation The Turkanas are pastoralists
who are increasingly engaged in violent conflicts with their neighbors over dry season
grazing resources and therefore in need of alternative fodder sources The ramn fall in
Turkana 1s highly variable, a phenomena which 1s typical for and regions However, 1t
apears to follow a bimodal distribution, with “long rais” falling from Apnil to July and
“short rain” period falling from September to October The turkana traditionally crop
Sorghum at the begmning of the long rainy season (April)

The production risk during the short rain season is regarded as too high for croping

Thus the Turkana would benefit from increased prodcution and yield stability in a
runoff agroforestry system

Soil charactenistics will be described in the results of the Kenyan experiments

2 ISRAEL

The field tnals were conducted at the Sde Boker campus (Blaustemn Institute for
Desert Research, Ben-Gurion Umversity of the Negev) 1s situated 50 km south of
Beersheva (Coordinates 30°51' North and 34°47' East)

Sede Boger 1s situated within the runoff farming district 1n the Negev, in which many

remnants are present of ancient rainwater-harvesting practices It 1s a hully area largely
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Sede Boger 1s situated within the runoff farming district in the Negev, i1n which many
remnants are present of ancient rainwater-harvesting practices It 1s a hilly area largely
composed of Late Cretaceous and Early Tertiary marine carbonate rocks Altitudes in
the runoff farming region ranges from 200 m 1n the north to about 1000 m in the
south The loessial soils, shallow and stony on the slopes but one to several meters
thick in the valleys, contain on the average about 15-35% fine sand, 50-65% silt, and
15-25% clay These soils form a crust, conducive to runoff production, but soils are
hard when dry, but very friable and sticky when wet Nitrogen and organic matter
levels are very low, typical for and regions

The chimate i1s very arid, the P/ETP ratio for the area ranges from 004 to 007
According to the classification of Unesco of the world distnibution of and regions the
runoff farming area in the Negev borders the hyper-and zone of the mner desert
which has a P/ETP ratto below 0 03

The rainy season lasts from about October to March, while the rest of the year 1s

almost completely dry The average annual rainfall 1n the area 1s about 90 mm



THE RESPONSE OF ABOVE GROUND BIOMASS PRODUCTION OF ACACIA
SALIGNA TO SEVERAL WATERING REGIMES AND WATER QUALITY

P R BERLINER ANDJ E EPHRATH
MATERIALS AND METHODS

The soil in the experimental site 1s a sandy clay loam Prior to planting soil
mechanical composition was determined on soil samples obtained from various
locations within the experimental field Additional samples were analyzed for N, P, K,
organic matter, pH, EC and ESP Results from soil analysis are presented in Table 1

Table No 1 Soil properties for the Sede Boqer expenimental site Standard deviations
in parenthests (Org M total organic matter on dry mass basis, EC electnical
conductivity in the saturated paste extract, CEC Cation exchange capacity on dry soil
basis ESP exchangeable sodium percentage)

Depth Clay Silt Sand Org M| EC pH CEC ESP
(m) %) | | | |@s™h (meg/100
gr soil)
000-015 186 212 60 2 024 352 83 156 250
©o4) (107 [(012) |59 (3 11)
01503 |226 212 562 025 319 86 158 365
002) |(129) |[(©28) | (065) (7 66)
030-06 266 212 48 2 am——— 803 84 140 590
©97) |(016) | (098) (9 29)

Saplings of Acacia saligna were raised 1n a greenhouse and planted on March

1, 1995 Sixteen shrubs were planted per plot with a distance between rows of 4 m
and 1 m distance between trees in the row Measurements were carried out on the
four mnnermost trees with the rest acting as buffers Each treatment was replicated

three ttmes with a completely random distribution within each of the three blocks



The following treatments were implemented as from the 5 of August 1995

a) Controls
R runoff
wWwW well watered
WWB well watered with brackish water
b) Treatments
RHF runoff + wngation when predawn XLWP reached -1 6 MPa
RLF runoff + imgation when predawn XL WP reached -2 0 MPa
RHFB runoff + wnigation with brackish water when
predawn XL WP reached -1 6 MPa
RLFB runoff + ungation with brackish water when
predawn XLWP reached -2 0 MPa
HF wrrigation when predawn XLWP reached -1 6 MPa
LF wrrigation when predawn XL WP reached -2 0 MPa
HFB irrigation with brackish water when predawn
XLWP reached -1 6 MPa
LFB wrigation with brackish water when predawn

XLWP reached -2 0 Mpa
(XLWP xylem leaf water potential)

The plots were flooded with tap water (simulating runoff with an equivalent
depth of 250 mm) once a year towards the end of the rainy season Imgation with
both water qualities was applied whenever two out of the three replicates reached the
stipulated predawn xylem leaf water potential

Predawn XLWP was measured with a Schollander bomb The leaves were
wrapped 1n a polyethylene bag, excised and stored in a cool box Potentials were
measured after all leaves had been collected No differences between potentials
obtained with this technique than with those that were measured immediately after
excision were found in a preliminary study

The volume of water applied was computed from the deficit between water
content at Field Capacity and water contents (to a depth of 1 05 m) determined on the
day previous to the LWP measurements Soil water content was measured with a
neutron probe Access tubes to a maximum depth of 3 m were inserted in the row
mid-way between two measurement trees The depth 1n each plot varied according to
soil conditions An almost impassable chalk layer was found at depths that varied
between 25 and 3 m To insert the tubes a special percussion auger with a hydraulic
extractor was used Well-watered plots were wrigated twice a week and the volume of

water apphied determined as described above



Irmigation was applied with a drip irrigation system with pressure regulated
emutters Each of the four rows of trees within each plot were surrounded by a dike-
like structure (made of plastic sheets) with a width of 1 m This ensured no surface
water flow outside the dike Due to the relatively low hydraulic conductivity and the
small distance between emuitters the area bounded by the dike was usually flooded

The EC of the water for plots irrigated with water from the Israeh National
Water Carrier was 04 dS m-1. while that of the plots trrigated with brackish water

was 60 dS ml, prepared by adding NaCl to the tap water The total amounts of

water applied during the first four years are presented in Table No 2

Irmigation Treatments
Contro | HF LF HFB LFB wWw WWB
i
Imgation
(no-runoff 2226 1815 2024 1755 3260 2635
apphed)
Imgation + | 1066 3375 2603 2961 2675
Runoff

Table No2 Total amounts of water applied durmng the trnal (four years)

It was not possible to estimate biomass directly due to the small number of
trees Biomass was therefore estimated from trunk cross sectional area (CSA) using
previously established allometric equations We tested the possible effects of brackish
water on the CSA-biomass relations, The results (Fig 1) show no significant
differences 1n the biomass-CSA regressions for trees which were imgated with
brackish water and those that had been imgated with tap water We therefore pooled
the data and used the same equation for the biomass estimations of all treatments

Infiltrability was measured before and after flooding in selected plots using a

falling head permeameter Three replicate measurements per plot were carried out
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D_RESULTS AND DISCUSSION

The developments of the CSA’s of various treatments are presented in Figs 2-11 The
decrease 1n biomass production due to the use of brackish water in the well-watered
treatments 1s clear (Fig 2) The effects of irnigation frequency for both water qualities
are presented in Figs 3 and 4 The fact that there was no difference n productivity for
the two lower brackish imigation frequencies 1s noteworthy In Fig 5 the two lowest
irnigation frequencies for both water qualities are presented It 1s interesting to note
that both treatments irrigated with brackish water performed better that LF In Figs 6
and 7 the effect of flooding and wrnigation frequency (well watered, hugh and low) for
both water qualities are presented The differences between treatments 1s more
marked for the tap water than for the brackish water In Fig 8 the effect of runoff in
addition to wrnigation 1s presented For both frequencies runoff improves productivity

The same trend 1s evident in Fig 9 for the corresponding brackish irngation
treatments In Fig 10 we compare the treatments which were wngated with both
water qualities at two frequency levels and recetved runoff The same trend that was
evident i Fig 5 can be observed the CSA of R+LFB 1s slightly lower than that of
R+HFB and the inversion between the frequencies of the brackish treatments occurs
two years after flooding

The CSA data was statistically analyzed for a number of dates (319, 734, 974, 1012
and 1278 dap) The first analysis was performed on the standing biomass and the
second on the biomass production in the intervals between the above mentioned dates

Due to the introduction of well watered and runoff only treatments the design was
non-balanced We carried out therefore a number of ANOVA’s on a vanety of
treatment combinations Throughout the analysis the use of the word sigmficant

means significant at the 5% level

I STANDING CSA ANALYSIS
1 Fresh water urigation only (without runoff) For DAP 319 the Low Frequency
(LF) treatment yielded sigmficantly less than High Frequency (HF) and Well
Water (WW) At DAP 734, 974 and 1012 the three irngation frequencies
produced sigmficantly different CSA’s (WW>HF>LF) OnDAP1278 WW
produced a significantly higher CSA than HF&LF
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2 Brackish water wrrigation only (without runoff) No significant differences were
found for DAP319 For the rest of the dates WWB was significantly mgher than
HFB&LFB

3 Fresh and brackish rrigation (without runoff) On DAP319 frequency and the

interaction were sigmficant At low frequency brackish treatments produced larger
CSA than the freshwater treatments At higher frequencies the opposite was true
On DAP734 freq, salinity and their interactions were significant Fresh CSA’s
were significantly higher than brackish ones and WW was significantly higher
than HF&LF Interestingly enough the interactions between factors showed that
for the lowest frequency brackish irrigation resulted mn larger CSA’s than those
irigated with fresh water For the other two urigation treatments (HF&WW) the
opposite was true The same results were obtained for DAP974 and DAP1012 On
DAP1278 only Frequency and interactions were significant The highest
frequency (WW) produced significantly more than the other two treatments The
same pattern of interactions as described for the previous dates was observed

4  Fresh and brackish irrigation with and without Runoff (only runoff and well

watered plots excluded) On DAP319 frequency and runoff were sigmficant

factors, HF and runoff increasing CSA On the following dates the following
pattern was repeated Only runoff was a significant factor (addition resulted m
hlmgher CSA’s) and a sigmificant interaction between frequency and salinity was
observed For LF irngation w/brackish water resulted in higher CSA’s and the
opposite was true for HF On DAP1278 only runoff was significant
II CSA PRODUCTION DURING INTERVALS
The production durnng four periods (DAP319-DAP734, DAP734-DAP974,
DAP974-DAP1012, DAP1012-DAP1278 denominated as periods 1 through 4
respectively) was analyzed

1 Fresh and brackish irmgation (without runoff) For the first two periods both

factors (frequency and salimity) were significant No salinity resulting in higher
CSA’s and the highest frequency (WW) resulting 1n higher CSA’s as well The
nteractions between frequency and salimity resulted in the same pattern as
described previously Only frequency of wrigation was sigmficant for the third
period (WW higher than the two other frequencies) and none of the factors was
sigmificant for the last period
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Fresh and brackish irngation with and without Runoff (only runoff and well

watered plots excluded) Runoff and Freq x salinity were sigmificant for penod 1

The interaction was as described previously For peniod 2 frequency and runoff
were significant (HF>LF and runoff higher CSA’s than without) as well as the
interactions between frequency and runoff The addition of runoff resulted mn
larger CSA’s than without its addition for LF but had no effect at the higher

frequency No significant factors or interactions were found for the two remaining

periods
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Table 1_Cross Sectional Areas (cm?) for all plots throughout the trial period

RUNOFF |SALINITY (FREQ |REP |[DAP182 |DAP254 |DAP319 |[DAP483 |DAP597 [DAP734 |DAP767 |DAP942 |DAP974 |DAP1012 |[DAP1207 |DAP1263 |DAP
1 0 0 1 11 45 80 102 215 257 356 357 39 357 391 43 4 460
1 0 0 2 09 33 59 101 150 156 193 226 205 208 277 3186 335
1 0 0 3 08 24 47 77 137 178 223 221 258 261 273 312 327
0 0 3 1 14 46 82 146 233 46 4 532 648 727 781 817 859 895
0 0 3 2 12 46 65 160 257 511 592 701 821 835 101 8 1037 1081
0 0 3 3 10 32 70 137 222 44 4 478 612 693 738 819 849 886
0 1 3 1 09 36 68 121 171 342 408 44 4 506 541 592 669 67 4
0 1 3 2 10 33 57 134 212 392 495 555 569 673 697 756 797
0 1 3 3 16 42 72 130 192 341 405 448 483 600 603 617 628
0 0 2 1 12 36 64 16 161 279 308 336 350 380 429 438 434
0 0 2 2 17 51 82 134 173 204 311 379 406 449 48 8 500 503
0 0 2 3 12 47 75 165 214 350 380 430 448 46 8 536 577 632
0 0 1 1 17 27 38 104 149 245 267 204 308 326 391 405 410
0 0 1 2 06 17 27 74 112 228 231 245 261 287 348 358 369
0 0 1 3 11 19 33 75 107 223 243 266 285 290 N7 27 309
0 1 2 1 08 27 50 104 1486 245 262 310 328 359 426 447 433
0 1 2 2 09 29 54 106 145 224 249 281 305 331 393 413 407
0 1 2 3 10 37 57 115 173 257 285 319 367 378 442 453 46 5
0 1 1 1 13 30 42 88 148 267 280 334 316 349 463 474 490
0 1 1 2 25 36 72 137 225 39 380 386 4158 436 506 518 52 4
0 1 1 3 06 23 36 86 146 250 264 271 283 331 384 371 376
1 0 2 1 08 41 57 a5 168 300 313 365 383 397 419 451 456
1 0 2 2 11 58 101 225 339 536 602 690 622 739 791 825 830
1 0 2 3 08 25 56 120 194 316 379 423 450 458 504 529 569
1 0 1 1 09 31 46 87 143 246 277 288 303 321 368 411 M4
1 0 1 2 10 36 60 132 225 345 414 437 443 492 540 588 620
1 0 1 3 08 29 44 99 173 270 327 354 365 368 426 460 578
1 1 2 1 15 62 77 139 221 340 365 420 446 432 48 3 509 522
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1 1 2 2 15 46 81 136 221 323 360 388 407 431 478 495 513
1 1 2 3 13 43 77 139 238 311 358 388 49 431 456 497 506
1 1 1 1 13 48 75 127 24 4 360 414 44 4 488 498 549 618 661
1 1 1 2 07 29 45 92 16 4 255 305 350 358 376 416 470 487
1 1 1 3 12 43 78 139 260 343 M92 440 453 456 470 455 5§35
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The results of infiltrability presented 1n Fig 10 were obtained two and three
years after the implementation of the brackish treatments The results indicate that
irrigating with brackish water resulted m a decrease of the infiltrability This decrease
was significant prior to flooding in 1996 Flooding in 1996 increased mnfiltrability
which was not significantly different from the control (WW) The same trend was
observed for 1997, but even though the infiltrability levels of the brackish treatment
increased after flooding they were sigmificantly lower than those of the control The
infiltrability values of the corresponding treatments that were not flooded show a
continuous drop

During urigation only a small part of the surface was wetted Infiltration rates
of the remaining area were therefore unaffected by wngation Duning the flooding of
the plots (as happens during a runoff event) water infiltrates mainly through the area
not affected by the brackish irrigation We could see no systematic differences 1n the
time 1t took the ponded water to disappear in the plots that had been previously

irrigated with water of different qualities

E CONCLUSIONS

1 Stonng of runoff water had a positive effect on tree development
2 No detrimental effect of wrigating with brackish water on biomass production at
the two lowest urigation frequencies could be detected

Infiltrability decreased as a result of periodically irrigating with brackish water even
after flooding
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LWP MEASUREMENTS

Introduction

Leaf water potential (LWP) 1s used as an index of plant water status At low LWP when
physiological process are damaged, the plant consider to be under moisture stress Pre-
Dawn Leaf water potential (PDLWP) 1s the potential attained during the mght prior to
sunrise and 1s assumed to represent the intergrated soil water potential n the root zone

The PDLWP which was collected throughout the three years of the experiment were used
n order to decide when to irnigate

LWP was measured using two kinds of pressure chambers at the beginning of the season
when the LWP values were relatively high, the ARI II pressure chamber type (4drimad
Kfar Haruv, Israel) was used When LWP dropped to values below -3 0 Mpa, the PMS
Instrument Company (Corvallis Oregon, USA) pressure chamber was used With the
PMS nstrument LWP values as low as -6 0 Mpa can be measured

The leaves to be measured were of the same age and size and were wrapped with an
alumimum foil at the mght prior to measurements This procedure was carned out mn order
to prevent any water loss from the time of cutting the leaves to the time of the
measurements Keeping the leaves overmight covered with the aluminum foil ensured that
the leaves would reach the same water potential as the soil close to root system

Potentials were measured once a week 1n all three replicates of all treatments

Fig 1 shows data for the control (=runoff only) treatment throughout the three years of
the tnal A continuous reduction in PDLWP was measured throughout the growing
season of each year The highest value of PDLWP was measured night after the flood and

since no additional 1migation was applied the plants grew most of the season under water

24
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stress condrtions At the end of each year, PDLWP reached very low values

0.00 -

100 %«,
S 20
o —&—1st year
= A
300 My —6—2rdlyear
g 05 Ggg —&—3d
> 400 ._.DD year

500 |

'6m I I I ] I i | ] 1

15 170 190 210 230 250 270 290 310 30
Daysfortheyears

Fig 1 Pre-Dawn LWP in Treatment 1 (runoff only) throughout the growing season
during the 3 years of the tnial, Sede Boger, Israel

In Fig 2 the PDLWP of treatments 2 (R+High Frequency-Fresh), 3 (R+Low Frequencyu-
Fresh) and the same urigation treatments with brackish water (Treatments 4 and 5) are
presented

The comparison of Treatments 2 and 4 (Fig 2) indicates that the changes in PDLWP
were more pronounced 1n the high quality water Since both treatments were irrigated
when PDLWP reached a value of —1 6 Mpa, we can see that during the first two years of
the experiment the frequency of the wrnigations was higher (shown here as increase 1n
PDLWP) n treatment 2 when compared to treatment 4

In the low irnigation frequency treatments (Treatments 3 and 5) we can see that the

20
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PDLWP reached lower values in comparison with treatments 2 and 4 In addition to that
we also found that wrigating with fresh water of low frequency caused a lower PDLWP
when compared with the same frequency of irngation with sahine water This phenomena
was detected throughout the three years of the experiment

In Fig 3 the PDLWP of treatments 6-9 1s presented In this treatments the irrigation

scheme was identical to the first set of treatments (2-5) but without a flood at the

beginning of the irnigation season

Comparing the PDLWP data of treatments 2-5 with those of treatments 6-9 shows that
the frequency of irrigation was higher, or a faster reduction in LWP m the case that no
flood was applied at the beginmng of the irngation season (Treatments 6-9), while in
treatments 2-5, the change in LWP was slower resulting 1n less irrigation events

In Fig 4 there 1s a companson of the results from treatments 10 (fresh water) and 11
(brackish water) which were wrngated twice a week regardless to the PDLWP levels
Treatment 10 was wurigated with fresh water and treatment 11 with saline water Durning
the 1% year the PDLWP’s of treatment 10 were lower than those of treatment 11 but from
the 2% year until the end of the experiment, the PDLWP’s of treatment 11 were lower,
although both treatments were 1rrigated twice a week From the data presented 1n Table 1
we can also see that the amount of water applied to treatment 11 were lower when
comared to treatment 10 which might indicate a smaller root system that cause a faster
increase and decrease in LWP

The connection between the PDLWP and the percent of the water content in field
capacity was studied during the three years of the trial Prior to sunnise the plant water

potential consider to be 1n equilibrium with the soil 1n the vicinity of the roots
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without runoff treatments (treatments 6-9) throughout the growing
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The comparison between the PDLWP and the soil water content under wrigation with
brackish or fresh water was carried out for throughout the years of the trnal The results
presented here are for the 2™ year (1996) of the experiment

The results (Fig 5) indicate that under the fresh water a higher leaf water potential was
recorded under the same so1l water content when compared to the brackish water

These results indicate that the osmotic potential which resulted from the addition of salts
affected plant water ststus These effect was however not clearly expressed in the CSA’s

Simular results were obtained also for the third year
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Evaluation of the Effectiveness of Run-off in Leaching Salts m Soils Irmgated with
Brackish Water in the Negev

A Musandu , ] Ephrat, P Berlmer , M Siberbush and C Wexler

ABSTRACT

The effectiveness of run-off on salt leaching 1n a soil irngated with brackish water was
evaluated 1 an acacia saligna ingation field trial laid out on March 1995 at the Jacob
Blaustein Institute for Desert Research at Sede-Boker in the Negev Desert, Israel The
plots were 1rrigated by run-off water during the winter, and by erther fresh-water or
brackish water during the summer, or with fresh-water or brackish water around the
year Irrigation was applhed when leaf water potential decreased below —1 6 or -2 0 bar
Detailed so1l sampling was done 1n 1996, 1997, and 1998 at o, 1 and 2 m from the tree
row The results indicated that salts accumulated away from the tree row, but the pattern
of the accumulation vanied with the flushing regime Winter flood with runoff water
leached the soluble salts that accumulated duning the summer away from the tree root
zone In a continuous-irrigation regime with brackish water, on the other hand, the salts
accumulated along the whole soil profile, but 1-2 m from the tree line, while the root

zone was kept relatively with low soil salimty

INTRODUCTION
The Negev desert 1s short m preciprtation, but has a large amount of brackish ground
water There 1s therefore a need to develop technologies that would enable the use of
this water for 1rrigation with mmmum damage to crop yields and the soil condition
(Mantell er al 1985, Yadav, 1991) In the Negev, both the soils and the ground water
available for irnigation are often saline Different strategies were adapted to ensure that
the soil and water resources 1n this region are used efficiently, including Growth of salt
tolerant crops such as cotton (Mass and Hoffman, 1977), and the use of the drip
wrnigation method (Elfving, 1982) The broad objective of urigation of agricultural crops
with saline water are to leach salts down below the root zone, to reduce surface
evaporation to a mummum and to ensure maximum utilization of water by the plants
(Minhas and Gupta, 1992) These mterventions do not address the problem of soil

salimzation with time when brackish water 1s used for irrigation Besides, most of the
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research work on the use of saline water for silviculture has been restricted to the mmtial
establishment stages (Minhas ez al 1997)

In this study, the effectiveness of run-off water on leaching salts 1n a soil irnigated with
brackish water was measured, and the long-term risks of the use of brackish water were

evaluated

MATERIALS AND METHODS
Detailed soil sampling was done 1n an Acacia saligna irngation field trial laid out by the
Run-off Agniculture Research Group at the Jacob Blaustemn Institute for Desert Research
at Sede-Boker on March, 1995 The treatments in the Acacra unigation tnal were
1 Imgation with run-off only (control),
2 Irngation with run-off during winter and wrnigation with fresh water throughout the
summer,
3 Imgation with run-off at winter and rnigation with brackish water throughout the
summer,
4 Irngation with fresh water twice a week, throughout the year
5 Irmgation with brackish water twice a week, throughout the year

The wrngation treatments at (2) and (3) were apphed either when the leaf water potential

rose up to 1 6 bars for one level, or 2 0 bars for the second level

Run-off was simulated by flooding the plots with 250 mm of fresh water of the National
Water Carrier, which 1s equivalent to annual precipitation at the Northern Negev The
treatments were arrayed 1n a split-plot, completely randomized design, and replicated
three ttmes Run-off treatments were in the main plots and the different water qualities
and wrngation timing 1 the sub-plots Plot dimensions were 5 by 8 m, each with four
rows of four trees The inter-row distances between trees were 1 m, and 2 m between

rows, a 1-m path separated neighbored plots
Soil samples for the reported part of the study were taken with a hand auger down to

100 cm, from two contrasting treatments The soil sampling was done at 0, 1 and 2 m

from the tree row m each plot Soil sampling was done m two treatments only Plots

24
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throughout the year than those plots which were imgated with altered water saliuty, The
slope of the former 1s close to 10, as would be expected according to US Salmity
Laboratory Staff (1954) charts Other factors but Na apparently resulted in the ECe of
those plots that were flushed with non-saline water during the winter, as may be learned
from the correlation of ECe and the extract sodium adsorption ratio (SAR, Fig 2) The
1996 ECe data, obtained from 1 1 soi1l water extracts (Fig 3a-c), showed an
accumulation of soluble salts m the top 15 cm of soil profile This accumulation occurred
within the tree line before the flood (they apparently were flushed by the flood), and 1n
the plots which received only brackish water by wrngation throughout Similar
accumulation of salts m the topsoil after imgation has also been observed by Bajwa et al
(1984) Salt accumulation mn the topsoil occurred after the nmgation when the soil was
subjected to evaporation, leading to upward movement of soluble salts The amount of
salt that moved upwards depends on the salt quantity present 1n that part of the soil
profile, so 1t 1s affected by the quality of the urigation water used (Miyamoto et al,
1986) Flooding resulted in the leaching of salts from the topsoil to the lower horizons,
in the non-flooded plots, at 1 and 2 m from the tree line, the soluble salts accumulated in
the deep soil profile The lateral and vertical movement of water from the dnp emutters

also affected salt distribution in the soil profile

The 1997 ECe data (Figs 4a-c) showed that flooding caused relatively more leaching of
salt from the 1- and 2-m distances from the tree line than within the tree line Irmgation
with brackish water only also caused some leaching of salts down the so1l profile, but
there was a substantial increase in salt accumulation with depth The 1998 ECe profile
(Figs 5a-c) of soil samples taken before the flood showed that there was salt
accumulation n the top soil associated with the posttion 1-m away from the tree line, but
not at 2-m distance Flooding had the same effect on leaching down the salts as in 1997
The no-flood plot showed a greater salt accumulation m the topsoil erther at the 1- or 2-
m positions from the tree line Due to the 3-dimensional pattern of lateral and verticat
distributions of water and salts with the drip imgation system, a build up of salinity
occurred n the soil profile along the tree line, away from the tree - maximum salimty was
observed close to the surface Simular trends m so1l salinity bwild up as a result of using
poor quality imgation waters was also reported by Elagbaly and Naguib (1965) and

Bajwa et al (1983) In our study, there was an agreement between Na concentration
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distribution 1n the soil profile both 1n 1997 and 1998 (Figs 6a-c and 7a- c) and the
corresponding ECe data (Figs 4a-c and 5a-c), respectively

Magnesium concentration varied within a wider range than that of calcum The observed
accumulation of both Ca (Figs 8a-c) and Mg (Figs 10a-c) mn 1997 with increase in
depth 1n the soil profile on the tree hine could be attributed to their roles as
accompanying cations during leaching In 1998, the pattern of Ca and Mg distributions
(Figs 9a-c and 11a-c, respectively) in the soil profile was similar to that observed for Na
and ECe Some of the leaching observed in 1998 could have been caused by the 1997
winter rams The values of SAR at the 1- and 2-m distances from the tree line were
simular, but lower than the values for those positions at the tree line (Figs 14a-c and 15a-
¢, respectively) This was true 1n all cases except than after the flood n 1997 when they
were higher deeper than 20 cm The profiles obtamed when V[(Ca+Mg)/2] concentration
(1n me/l) ratio data (Figs 12a-c and 13a-c, respectively) were plotted against depth were
sumular to the ECe profiles

Thus study has shown that flooding can be used to effectively leach salts to deeper
horizons 1n the soil profile and that Na concentration in the saturated extract and the ECe

are good ndicators of the leachuing accomplished
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down the soil profile, at distance (D) 0, 1 and 2 m from the tree row
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Ca in sat Extr, 98- 8a-before flood, 8b-after
flood, 8c-well water+NacCl
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with brackish water throughout the year (sampled on 10 10 1997) Samples were
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Mg in Sat Extr, 97 9a-before flood, 3b-after flood,

8c-well water+NaCl
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Fig 10 Magnesmum concentration, determuned in the saturated paste soil water extract

(a) before the flooding (2 4 1997), (b) after flooding (29 5 1997) and (c)
continuously with brackish water throughout the year (sampled on 1 4 1997)

Samples were taken down the soil profile, at distance (D) 0, 1 and 2 m from the tree

row
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Mg in Sat Extr, 38 10a-before flood,
10b-after flood, 10c-well water+NaCl
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Fig 11 Magnesium concentration determuned in the saturated paste soi water extract
(a) before the flooding (8 10 1997), (b) after flooding (11 5 1998) and (c)
continuously with brackish water throughout the year (sampled on 10 10 1997)

Samples were taken down the soil profile, at distance (D) 0 1 and 2 m from the tree
row
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sgrt[Ca+Mg]/2 in Sat Extr, 97 13a-before flood,
13b-after flood, 13c-well water+NaCl
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Fig 12 Sum of divalent cations’ concentration equivalent, determuned in the saturated
paste soil water extract (a) before the flooding (2 4 1997), (b) after flooding
(29 5 1997) and (c) contmuously with brackish water throughout the year (sampled
on 1 4 1997) Samples were taken down the soil profile at distance (D)0 1 and 2 m
trom the tree row



sqgrt[Ca+Mg]/2 in Sat Extr, 98 14a-before flood;
14b-after flood, 14c-well water+NaCl
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Fig 13 Sum of divalent cations’ concentration equivalent, determined i the saturated
paste soil water extract (a) before the flooding (8 10 1997), (b) after flooding
(11 5 1998) and (c) continuously with brackish water throughout the year (sampled
on 10 10 1997) Samples were taken down the soil profile at distance (D)0 1 and 2
m from Fig 8 Sodum adsorption ratio levels, determined n the saturated paste soil
water extract (a) before the flooding (2 4 1997) (b) after flooding (29 5 1997) and
(c) continuously with brackish water throughout the year (sampled on | 4 1997)
Samples were taken down the soil profile at distance (D) 0 1 and 2 m from the tree
row
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Physiological studies on the response of Acacia salignato sahmty and mitrogen
S H Lips

Biostress Research Laboratory (J Blaustemn Inst for Desert Research) and Dept of Life
Sciences (Fac of Natural Sciences) Ben-Gurion Univ of the Negev Sede Boger 84993 Israel

The following studies were carried out to assess the potential response of Acacia young trees to
different concentrations and sources of mtrogen under various salimty levels, to establish simple
techniques to increase biomass production under stress

Plant matenal used in the mtial experiments were seedlings obtamned from local seeds However, 1t
was observed that the vanability in the development of the seedlings as well a some of their
responses to experimental treatments was considerable Several propagation methods were tested
until we were able to produce a reliable methodology to obtain homogenous young plants From this
point on time, all the experiments were carried out using plants developed from cutting taken from a
single tree in Sede Boger

A number of experiments extending for short (4-8 months) to long (1-3 years) times were performed
and some of the more significant results are shown here Most of the material 1s in preparation for
publication m relevant scientific journals

Biomass production as affected by nitrate

Young acacia plants were grown 1n the presence of three levels of mitrate 0, 2 and 5 mM The effect
of nitrogen level was followed on the biomass production of leaves, stems, roots and nodules (Fig
I) The plant part most affected by nitrate was root biomass Nitrate 1s known to enhance root
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development of plants i generally, specially branching and formation of lateral roots This seems to
be the case also with Acacia and should be used increase root proliferation i deep zones of the sotl,
to increase the possibilities of the tree to tap these zones when the upper layers dry up during the dry
season

One should consider the convemence of spreading mitrate between the trees prior to runoff
accumulation or brackish water irrigation The fact that mitrate 1s washed down through the soil
profile with the water, should enhance root proliferation in deep soils

Salt tolerance and nitrogen

Salimty affected the biomass production of Acacia plants However, mcreased supply of mtrogen
(nitrate) allowed the plant to sustain biomass production in the presence of 100 mM NaCl (Fig II)

Fresh weight of plant parts
100 mM NaCl1, 0O,2,5 mM NO3

il FW leaves
—t— W stems
——— FW roots
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In this experiment, the main impact of added nitrate was on the biomass production of leaves and
stems They were not only larger in size but also more numerous There 1s no doubt that brackish
water urigation should be accompamed by increased supply of nitrate, as was well documented for a
large number of crops m projects C5-001 and C8-131

Acacia plants exposed to 200 mM NaCl showed also enhanced tolerance to salt in the presence of
mtrate (Figure IIb) In this case, even roots showed mproved growth when “fortified” with 2 5 -5
mM nitrate
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Fresh weight of plant parts
200 mM NaC1; 0,2,5 mM NO3
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The overall effect of Acacia growth as affected by NaCl and NO; concentrations 1n the irmgation
medium 1s summanzed in Figure IIC
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Leaf area

Leaf area of the plant determines not only 1ts transpiration area but its photosynthetic capacity as
well Leaf area of Acacia decreases in plants exposed to salimty as compared to non-stressed plants
The stress induced reduction of leaf area was due mainly to a reduction in the width rather than the
length On the other hand nitrogen promoted leaf width Plants grown i hydropomcs n very lugh
nitrate concentration were very broad, almost round Stressed plants produced the well known
elongated leaves

" Leaf area per plant
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N, fixing nodules

The acacia plants were grown 1n the greenhouse mn a mixture of sand and local soil These plants
formed considerable amounts of nodules n the absence of NaCl nor NO; (Fig IV) However, both
salimity (100 mM) and nitrate miubited the number and activity of these nodules Inhibition of about
85% took place in the presence of 100 mM NaCl When this level of salimty was applied in the
presence of 2 or 5 mM mitrate, nodules did not develop Nitrate at a concentration of 5 mM inhibited
no more than 38% the biomass of nodules formed by control plants This fact suggest that
applications of nitrate to the soil before irrigation may promote root growth in deep soil layers
without affecting too much the formation of No-fixing nodules m the upper soil layers
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Transpiration rates durmg growth

Plant transpiration was monitored during their development and was determuned by the difference
between water apphed less water collected in leaching less evaporation (Fig V) These
measurements were carried out with all treatments but only two will be shown here Plants grown in
the absence of nitrate (Fig VA) and plants recetving 5 mM mitrate (Fig VB)

The development of the young plants was very slow mtially, as may be observed (Fig VA) during
the first 7 weeks of growth, in which transpiration of the plants in all the treatments was very low
From there onwards, a rapid development was observed in plants without salmty Transpiration is
also an expression of the development of leaf area and good growth conditions This phenomenon
seems to be related to the development pattern of acacia plants that invested all its resources on the
promotion of root growth during the first two months Once this mitial tap root development was
completed, asstmilates were allocated also to shoots (leaves and stem growth) This later
development was greatly mnhibited by salinity, apparently due to the lack of mtrogen required for the
production of additional leaves

The mitial preferential allocation of assimilates to root growth was observed also in plants subjected
to the same level of salimty but in the presence of 5 mM NO; There 1s no doubt that shoot growth
was stimulated mainly when the level of salmty was 100 mM NaCl (S1), but even when salinity was
as high as 200 mM NaCl — addition of mitrogen enhanced shoot growth The later decline in growth
after 12 weeks seems to be unrelated to the treatments and affects even the controls This later
decline was prevented by using much larger pots for the acacia plants

vV
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Effect of salinity, nitrate and molybdenum on biomass production and nitrate assimilation in tree
of Acacia saligna.

EE Savdovaand S H Lips

Biostress Research Laboratory (J Blaustem Inst for Desert Research) and Dept of Life Sciences (Fac
of Natural Sciences) Ben-Gurion Univ of the Negev Sede Boger 84993 Israel

Introduction

Acacia saligna (cyanofilla) 1s a small mtrogen fixing fast growing tree (an average height 6 2 m
(Bolland 1989) native to the south-west of Western Australia Acacia saligna 1s cultivated mn north Afnc.
and m the middle East for fodder, fuelwood, sand stabilisation and as a wind break The tree 1s tolerant o
drought, light frost, alkalinity and salt (Simmons 1981) It can grow on very poor sandy soils because o
ability to fix atmospheric mtrogen

The color of nodules indicates the presense of leghemoglobmn which 1s necessary for effective functiomng
of N-fixation machmmary Leghemoglobin with its ligh affimty for oxygen can facilitate the supply ot
oxygen required for vigorous respiration, phosphorylation and the fixation of mtrogen under conditions
of extremly low oxygen tension m bacteroids of nodules (Appleby,1984) It plays a key role of i mtroger
fixation which requires a great deal of ATP

The experiment was conducted to investigate response of Acacia saligna plants to salimty, differens

mtrate levels and application of Mo on nodulation, nitrogen fixation and growth parameters

Plant matenal

Seeds of Acacia saligna were germmated by immersing them for 5 mun in boiing water followed by
placing on wet paper m Petr1 dishes and grown mn green house for 4 months Then seedlings were
selected for umformuty and transferred into 25 L plastic pots filled with muxture of soil taken undes
Acacia saligna trees m field and perlite (1/4, V/V) Plant nutrients were mtially provided with half
strength Long-Ashton nutrient solution (Hewitt, 1966) After two months of growing Acacia trees were
rngated with normal Long-Ashton solution The expeniment included 6 treatments

1 Control without salimty and mitrogen (solutions were prepared with DDW )

2 S mM NO; without salinity

3 5SmMNO; +2 pmol Mo

4 100 mM NaC1 without mtrogen

5 100 mM NaCl + 5 mM NOs

6 100 mM NaCl + 5 mM NO;+ 2 pmol Mo

In 3 month after transfer first two treatments were grown on saline water (100 mM NaC1)

W
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The width and length of 20 leaves of each tree were measured in August when difference between

treatments became pronounced Measurements of all branches were taken during experiment

Chemuical analyses

Nitrogenase activity of nodules was assayed indirectly by gas chromatography method based on the
reduction of acetylene to ethylene (Burns 1967)

Nitrate was determined by reduction to mtrite (Mc Namara et al 1971)

Nitrate reductase was determuned according to Hageman and Reed (1980)

Results

Leaf expansion

The measurements of width and length of 20 developed leaves were taken from 6 months-old plants The
difference in length of the leaves between treatments was less pronounced than width The correlation
between applied nitrogen and width expansion of the leaves was found

Nodulation and mtrogen fixation were severely inhibited under salimty and lack of transported mtrogen to
the leaves suppressed leaf expansion The leaves of Acacia saligna trees grown without muneral
mtrogen on saline water were for 22% more narrow than control leaves The difference between length
of the leaves 1n both free-nitrogen treatments was neglgible

Nitrate 1n stressed and non-stressed plants stimulated leaf (both parameters) Mo considerably increased
the width of the leaves in non-stressed plants (21%) In salimty stressed plants this difference was not so
pronounced The length of the leaves was practically not affected by Molybdenum (Table 1)

Table 1 Leaf dimensions as affected by different treatments

Treatments Leaf width | Leaflength | Leaf width | Leaflength
cm cm Y% %

0 mM NaCl

N-0 328403 22 60£1 9 100 100

N-1 365101 2581103 112 114

N-1+Mo 397102 26 09+1 7 121 115

100 mM NaCl

N-0 256101 22 16+1 1 78 98

N-1 373101 2513+1 4 114 111

N-1+Mo 387403 2331107 118 112

Length of branches
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There was no sigmficant difference between trees grown without mtrogen on different levels of salimty (0
mM and 100 mM NaCl1) during 3 months after transfer of plants to big pots Nitrogen fixation at early

stages was not sufficient for normal growth of plants

Mmeral mitrogen increased 4-fold length of branches and 1n combination with Mo 5-fold compared with

control in non-stressed plants

Sahmty m all the treatments was a limiting factor and plants grew slower compared with the same
treatments without adding NaC1 100 mM NaCl inhubited for 90% branches length and lack of mitrate
only 26% The best results were obtained on the level with adding mitrate supplemented with Mo Mo was
more efficient under saline conditions and increased 30% growth of branches, while in non-stressed

Figure 1

Branches length
-NaCl +NaCl
35 ]
—@— NO

30 --0--NI
T 25 +
& 20 ,
2 15
£

|
0 5 10 15 20 0 5 10 15 20

® No change in water quality  yeeks
A N1 alternating

plants only - 12%

Alternation of salinity in 3 months led to strong decrease of the growth of branches (Fig 1)

Total biomass production

The total biomass production per pot in non-saline treatments was found to be 26% more with NO3

added n nutnient solution and 56% more with NO3 supplemented with Mo

AL
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100 mM NaCl1 apphed from the early stages of Acacia plants had detrimental effect on growth rate The

btomass of salimty stressed plants grown without mmneral mtrogen n the media was almost 90% less than

Figure 1 Branches length
-NaCl +NaCl

—— NO
--0--NI

m plant-1

0 5 10 15 20 0 5 10 15 20
@ No change m water quality  \Weeks
& N1 alternating

that observed 1n control

Nodulation and nmitrogen fixation were completely inhibited by combination of NO3 and salt 5 mM NO3
was not sufficient for developed trees As a result, total biomass of stressed N03-grown plants was about
30% less than that i control Mo practically did not increase the total biomass under saline conditions In
early stages when nitrate was not limuting factor effect of molybdenum was more pronounced Alternation
of salimty sigmficantly decreased biomass production The total biomass of plants grown with 5 mM NO3
on alternative salimty and on saline water was found to be practically the same (30% less than control)
On the contrary, the plants grown without mineral mtrogen in the media were affected by salt stress and
decreased total biomass production more than 60% (Fig 2)

Root shoot ratio

The results indicate that saline water with adding NO3 had detnimental effect on formation of shoots
Root growth was less affected by salimty The plants grown on fresh water and the plants grown under
alternative saline conditions had the same biomass of roots (the ratio root shoot 0,26 and 0,47) This 1s
typical response of non-halophytes to salmty (M Nabil 1995) The plants grown under alternative saline
conditions without mtrate 1n the growth medum formed relatively small root system (0 22) to compare
with control treatment (0 26) Mo relatively increased biomass production of roots under saline and non-
saline conditions (Table 2)

Table 2 root shoot ratio

Treatment - NO3 + NO3 NO3 +Mo
- NaCl1 0260 06 026+005 0341004
+ NaCl 03401 023+003 029+003
Alternating 022+03 047+ 004 -
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Nodulation

Root nodules were found 1n all treatments except treatments with combination of salimty and mitrate The
color of the nodules was brown and inside tissue reddish in all the treatments without nutrate in the media
and shght reddish in the treatments with provided NO3

Nitrate mhibited nodulation of the Acacia saligna plants grown on fresh water for about 75% while Mo
considerably stimulated the nodule formation in treatments with mtrate apphed (Fig 3) NaCl which was
applied at early stages severely mhibited nodules formation (about 90%) In case of alternation of fresh

and saline water biomass of nodules was only 40% less than that in the control

Figure 3 Nodule productiol
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Nitrogen fixation activity

The maximum mitrogen fixation activity was observed in the control Nrtrate dramatically decreased the
rate of mtrogen fixation of Acacia saligna nodules (90%) The decrease can be probably attributed to the
formation of nytrosylleghemoglobin with mitric oxide Nitric oxide, readily produced from mitrite n cell
has already been identified as the main product synthesized via mtrate reductase m soybean (Dean and
Harper 1986) The affimty of leghemoglobin for mtric oxide may be much higher than that for oxygen
(Kanayama, Yamamoto 1950)

Salimty apphed at early stages and alternative salinity severely inlibited mitrogen fixation activity

estimated by means of acetylene test (80%) Mo did not stimulated relative nitrogen fixation rate(Fig 3)

In vivo NR activity

It has been found that NR activity in secondary roots considerably exceeded that in primary roots
developed at earlier stages of plant growth (Fig 4) Therefore, as far as secondary root system developed
only after several months of growing, proportion of mitrate reduced in shoots was greatly dependent on
age of plants The plants grown on saline and fresh water without mitrate had neghgible NR-activity in
roots and leaves close to detection it Nitrate-grown non-stressed plants had NR activity mn roots 4
fold higher compared to shoots Saliuty decreased part of nitrate reduced 1n roots n favor to shoots Mo

stimulated activity of NR and significantly increased the amount of mitrate reduced in roots This effect

Fig. 4. NO;- concentration and NR activity in vivo

roots 3 nodules ! leaves
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was more pronounced under salimty stress conditions Leaf NR was not affected by salimty, but greatly
dependent on mtrate content in tissue (Fig 4) On the contrary, root NR reduced dramatically after adding
NaCl
The maximum mtrate concentration in blades of the plants grown under salimty stress with adding 5 mM
NO; was 17-fold less than that n roots In the plants grown on fresh water this difference was even
more pronounced (60-70 fold) Thus, salimty stress stimulated mtrate transport to shoots (Fig 5)
The measurements were taken before irnigation and after 7 hours Nitrate reductase n treatments without
addition of NO; was not changed and with addition of nitrate increased up to 6-7 fold on the levels
without appled salt and 2-3 fold with applied salt (Fig 4)
Nodule NR activity had different pattern Nitrate and supplemented Mo did not mcrease NR-activity n
nodules On the contrary, salimty stimulated NR activity in nodules (Fig 4)

Chlorophyll
Total total chlorophyll concentration in early stages was not affected by salmty The plants grown
without nitrate supply on saline and fresh water hadthe same concentration of total chlorophyll On the

other hand, nitrate considerably stimulated accumulation of chlorophyll in leaf tissue The plants under
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Figure 5: NR m vivo and NO3 n blades of acacia
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salimty stress grew slower and were not limited m nitrogen Moreover, the concentration of total
chlorophyll increased for 20% by salimty when plants were grown on nitrate

The ratio between chlorophyll a and chlorophyll b was changed sigmficantly after 8 months of plant
growing compared to 5 months-old plants Nitrate and saliity reduced 40-70% chlorophyll b content m
leaves and mcreased 1 5-2-fold chlorophyll a content Chlorophyll b content in the plants grown without
mtrate on fresh water did not changed and chlorophyll a increased about 2-fold The proportion between
chlorophyll b and a in the plants supphied with nitrate was 1 5-2 in August and 6-7 m October It 1s
probable that chlorophyll b content was related to nitrate transported to the leaves and converted there

mnto organic form (Fig 6)

Organic nitrogen

Orgamic mtrogen concentration m leaves practically was not changed 1n all the treatments free of mtrate
Supphed 5 mM mitrate increased it not more than 10% The highest organic mtrogen was found i the
leaves of the plants grown on fresh (more then 35%) and saline (31%) water with supplemented to nitrate

Mo

Ml
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Figure 6: Chlorophyll
- August (left) and October (rnght)
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The same tendency was found in roots Nitrate and Mo practically did not increased the concentration of
organic mitrogen n the roots of the plants grown on fresh water and alternation of salimty The difference
between the treatments was more pronounced mn the roots of the plants grown under saline stress The
plants with mtrate-free medium contained 20% less organic mitrogen in roots than control plants Nitrate
led to 20% ncrease and supplemented Mo more than 80 % increase mn accumulation of organic nitrogen
m roots of acacia trees under salimty conditions

Organic mtrogen of nodules was almost twice higher than m leaf tissue All non-saline treatments led to
practically the same amount of orgamc nitrogen 1n nodules Nodules of the plants grown on saline water

had the lowest level of organic nitrogen (20% less to compare with control)

1
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Figure 7 Organic nitrogen and nitrate
distribution n different parts of acacia
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Conclusions

1 Salimty (100 mM) severely mhibited moculation (90% less) of Acacia saligna roots with Rhusobium

strain and decreased for about 75% mitrogen fixation activity

2 Nutrate led to less detrimental effect on nodule formation (for about 75%) but practically completely

inhibited mtrogenase activity (90%)
3 The plants m the treatment with combmnation mtrate and salimty did not form nodules
4  Nitrate reductase activity was less sensitive to salimity than nitrogenase

5 2 pumol Mo stimulated the growth of plants on saline and fresh water Organic mtrogen content war

the highest in both treatments

6 Acacia reduces almost all nitrate in the roots, the content of nitrate in leaves is negligible
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Sudies of Acacia plants under hydroponic conditions
E E Savidova and S. H Lips
Biostress Research Laboratory
Acacia saligna plants were transferred to 100 L tanks 2 month after planting, at which time plants
were 15 cm height Nitrogen was applied to nutrient solutions at concentrations of 1 mM NO;, 5
mM NO; and 5 mM NO; + 2 pmol Mo These nutrients were added mmtially to 1/2 strength Long-
Ashton nutrient solution at full strength after 2 months The solutions were changed once a week
and the pH was adjusted daily
1 The first measurement of NR-activity in vivo was carried out 2 weeks after transfer Growth of
secondary roots was observed at this stage NR activity was measured in the mature parts of
roots (more than 10 cm from the tip) and in the younger parts (first 8 cm from the tip) Nitrate
stimulated NR-activity in mature parts of roots, in blades and in veins and little in the younger
part of roots NR-activity of the mature root segments with tiny secondary roots (1-2 mm) was
50% higher 1n plants grown with 1 mM NO3, 100% higher 1n plants with 5 mM NO3 and 130%
in plants grown n the presence of SmM NO3+Mo, as compared with the younger root sections
NR-activity 1n leaf veins was considerably less compared to that in blades 65% less 1n plants
grown with 1 mM mnitrate, 35% with 5 mM and 40% with 5 mM + 2 pmol Mo The leaves
reached maximum NR activity at this growth stage Leaf blades were the major sites for mtrate
reduction before the begmming of secondary roots formation Mo 1ncreased significantly
NRactivity in the mature root parts as well as 1in veins and 1n blades NR-activity of the young

root sections was less sensitive to Mo supplementation (Fig 1 )

Figure 1: NR-activity mm different parts
as affected by mitrate level and Mo

vemn

young root
mature root

3 7 blade {_

(5]
h

pmol NOz" g FW h-1
(==Y
th
P —

0 N 1
1 mM S mM 5 mM+Meo

Treatments

2 The next measurements were taken after | month, when plants formed small secondary roots

(2-3 cm with 1 mM NO;, 3-4 cm 1in 5 mM NO; and 5 mM NO; +2 pmol Mo) Nitrate

1
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cell multiplication takes place and the region of elongation and differentiation where cell
division continues to a lesser extent Probably above 2 cm there was a beginning of the

maturation zone where uptake and NR-activity considerably increased (Fig 3)

The aim of the next experiment was to determine NR-activity and distribution of NO; 1n root

segments (0-2, 2-4, 4-6, 6-8, 8-10 cm) of primary and secondary roots and blades on the level

Figure 3: NO3- concentration in

different root zones
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5 mM NO; There was the same tendency as in previous experiment - NR-activity in
primary roots reached maximum n 4-6 cm segments and was steady in all the segments up
to 10 cm NR-activity of segments 0-2 cm practically did not change within 2 month period
On the contrary NR-activity 1n the blades reduced 30% dunng the first month and 55%
during the second one It was lmited by poor mitrate supply to the leaves (nitrate

concentration 1n blades reduced more than 4 -fold ) (Fig 4)

Nitrate supplemented by adding Mo did not lead to a better growth of branches On the
contrary the lack of nitrate 1n the treatment 1 mM NO3 declined growth of branches more than
twice (Fig 5)
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Figure 4: NR-activity and NO3- i different parts
of the Acacia plants grown with 5 mM NO 3~
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EFFECT OF RUNOFF AND SUPPLEMENTAL IRRIGATION,USING
BRACKISH , ON GROWTH AND SOME GAS EXCHANGE

PARAMETERS OF ACACIA SALIGNA IN ARID N W KENYA

J O Nyabundi and P O Ayecho
INTRODUCTION

One of the major problems facing the world today 1s that of feeding the ever increasing

population from limited arable land The long-term solution to this problem hes m
explottation of under-utiized agniculturally margmal areas And and semu-and lands
(ASAL) comprse a large portion of such regions Worthington (1976) estimated that
ASAL forms 60% of the world’ s land surface In Kenya ASAL covers over 83 % of
the landmass which 1s home for 20% of the population and 50% of the livestock
(Braun and Mungai, 1981) Agncultural utilization of tropical ASAL 1s limted not
only by the low annual ranfall, but also by its highly erratic and often excessively
intensive pattern alongside all-year conditions of hugh evapotranspiration rates North-
Western Kenya, 1n particular, recerves a mean annuall rainfall below 200 mm which 1s
charactenistically concentrated over unpredictable short periods giving a growing
pertod of 1 - 29 days a year (F A O, 1993) Under such conditions even the fastest
maturing annual crop spectes/varieties would not yield a significant crop 1n an average
year Even though trees are generally more resistant to drought, by virtue of therr
deep roots, their growth is greatly impaired duning these long dry periods In the
absence of all out imgation which may be an expensive/uneconomic undertaking, short
term localised options mnclude use of drought tolerant species,water harvesting
techniques and supplemental irngation using ground water

Use of runoff harvesting in agnculture dates back to 4000 years in the Negev
(Evenani, ef al, 1971) In North-Western Kenya runoff farming was already being
used to grow sorghum by the Turkana people n 1952 (Fallon, 1963) It has also
shown promusing results in Kitu1 and Baningo districts of Kenya (Thomas et a/, 1989)
The mmportance of runoff harvesting in many ASAL’s stems from the fact that runoff
events are common 1n these regions, as evidenced by upsurge of many mtermittent
nivers Significantly runoff may come erther as a result of direct rains in an area or as
surface rainwater flowing in from distant places Whatever the source, the infrequent

and erratic ramfall i tropical ASAL can never ensure continued provision of runoff
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water throughout any one year nor every year This calls for supplementary irrigation
to cover the dry pertods/years and thus enable the annual crops grow to matunity while
also reducing growth and productivity checks on tree crops Unfortunately ground
water available in most ASAL’s 1s usually brackish thus posing special irrigation and/or
environmental problems Nevertheless, 1t 1s concervable that the occasional big floods,

when harvested, should assist to leach the salts out of the main rooting zones

This experiment was conducted in and North-Western Kenya to study the impact of
runoff harvesting and supplemental irngation on growth and some physiological traits
of Acacia saligna,a fast growing tree legume that has been found to perform well in
desert regions of Western Australia (Crompton, 1992), North Africa (Tiedeman and
Johnson, 1992) and Negev (Degen et af, 1995) Two morphotypes of the species were

used

MATERIALS AND METHODS

The experiments were conducted at Kakuma m the arnid Turkana distnict of Kenya
The site had deep soil (> 3 m ),ideal for soil water storage and was located on an
established runoff path Runoff water was collected into a liman water harvesting
system The system comprised basin-like fields (limans) mto which water was led by
means of dykes and channels The Liman floor lay 40 cm below the surrounding
ground thereby ensuring that upto 40 cm of runoff water was collected at any one
flooding episode Water ponded in the limans infiltrated into the soil, save for
evaporative losses, and was thus available for crop/tree growth

The field was laid out as a completely randomused block design in which each main
liman (block) was divided into six smaller limans (plots) each measuring 10 m x 40 m
The treatments consisted of 2 A saligna morphotypes distinguished as broad leaved
(M1) and narrow leaved (M2) The broad leaved type also had dark green leaves and
greyish-green stem The narrow leaved type conversely had bright green leaves,
pinkish-brown stems and they branched more prominently to form dense bushy
canopies The second set of treatments compnsed 3 irngation categories namely

(1) Irngation with runoff water only

(u) plus supplemental fresh water

(m) plus supplemental brackish water
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The plots on supplemental wrrigation treatments normally recetved 40 cm of wrnigation
per month but this was occasionally varied to accomodate the flood episodes
Characterstics of the irngation waters are shown m Table 1

Table 1 Quahty of water used for supplemental irmgation at Kakuma

Property Brackish Fresh
pH (H20) 73 65
Ecw dS/m 25 C 315 03
Na (meg/1) 187 113
K meqg/l) 153 092
Ca (meq/1) 023 042
Mg (meq/l) 086 042
Cu (ppm) tr tr
Fe (ppm) tr tr
Zn (ppm) tr tr
Mn (ppm) tr tr
Sum Cations 2123 289
OH (meq/1) tr tr
CO3 (meqg/l) tr tr
HCO3 (meq/l) 118 34
Cl (meqg/l) 18 65 05
S04 (meq/l) 362 024
Sum anions 34 07 414
RSC 1071 2 56
SAR 2533 174
SAR [adj] 44 33 453
PI 2791 108 04
Osm pot (KPa) -113 4 -108

The fresh and brackish water supplemental treatments were started when the plants

were about one year old Previously they had survived on runoff irmgation only In
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fact the wrigation treatments were started in June 1997 following a very dry period
during which the plants had not recerved any water for over six months

The following parameters were measured before beginning of the irngated treatments
in June 1997 and again in the following September after a flooding and a number of
irmigation episodes

(1) Stomatal coductance

(1) Transpiration

(ur) Leaf water potential

(v)Vapour pressure deficit (VPD)

(v)Tree growth 1n terms of elongation of new shoots and mcrease in stem gith These
measurements were taken every week throughout the growmng period

Stomatal conductance and transprration were measured on the muddle leaflet of
youngest fully expanded and fully exposed leaves which had been earlier tagged and
were therefore known to be of comparable age Steady state porometer (LI-COR, LI-
1600) was used The porometer also measured leaf temperature,air temperature and
atmospheric relative humudity from which VPD was calculated Leaf water potential
was measrured using the pressure bomb method (Scholander et a/ 1965) on the same
type of leaves as those used for porometer measurements To momtor tree
growth stem girth at 20 cm from ground level was measured at regular intervals At

the same time, growth 1n length of newly formed stem buds was momnitored

G
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RESULTS

The data presented here are representative of extremely dry period (June, 6 1997) and
a well watered rnigated situation (September, 2 1997) The June data were taken at a
time when the plants had not received water for over six months The September data
on the other hand were taken at a time when the plants had recerved 254 mm of runoff
/ranfall during July In addition, the supplemental imgation treatments had recerved
1600 mm from four irngation episodes,one each in June and July and two mn August
The shorter imigation mterval n August was deemed necessary, for expermental
purposes, to recharge brackish water back mto the profile of the respective treatments

following the flood i July

Under the Kakuma conditions, diurnal trend of stomatal conductance and transpiration
of A saligna peaked between 9 00 and 10 00 am 1 both highly stressed (Fig 1) and
better watered plants (Fig 2) then decreased towards mudday Both parameters
assumed comparatively very low values in plants experiencing exreme drought (Fig 1)
compared to the well watered plants (Fig 2) For example while well watered plants
of the broad leaved type exhibited peak stomatal conductance above 25 cm/s, the
peak for lghly stressed plants of the same morphotype was only 0 7 cm/s In the
mormng , the highly stressed plants (Fig 1) extubited a rapid nise to the peak in both
parameters followed by an almost equally precipitous drop leading to total stomatal
closure around muddday The better watered plants showed an almost equally rapid
increase 1n stomatal conductance and transpiration in the morning but the fall from the
peak was much more gradual In fact,while the highly stressed plants closed theirr
stomata around mudday (13 00-15 00 Hours), stomatal conductance in the well
watered plants about the same time was above 1 cm/s which was even higher than the
peak for the hghly stressed plants It was, however, observed that the highly stressed
plants exhibited a distinct afternoon recovery i stomatal conductance and
transpiration  Such recovery did not come out clearly in the better watered plants (Fig
2) even though the VPD and water potential trends were quite similar between the two
days (Fig 3) There was also a distinct synchrony between stomatal conductance and
transpiration 1n the highly stressed plants (Fig 1) which,again, was not clear in the
better watered plants (Fig 2) Actually peak transpiration lagged behind peak stomatal

conductance i the better watered plants (Fig 2) and the transpiration rate remained

g1
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Fig 1 Stomatal resistance (1a) and transpiration rate (1b) in the broad and narrow
leaves, June 6, 1997 m Kakuma, Kenya
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near peak most of the day so that even though stomatal conductance had got back to
the mormng levels by 17 30 Hours, transpiration still remamed way above the morning
levels

Whereas Figures 1 and 2 compare plants under almost two extreme watering
conditions, the data shown in Figure 2 1n itself draws a comparison between runoff
only and the use of supplemental irmigation even over short duration of drought It 1s
clear that even with less than two months of drought, supplemental wrrigation created a
distinct advantage 1n terms of stomatal conductance and transpiration but there was no
statistically significant difference between plants irngated with fresh water and those
irngated with brackish water even though the former generally had ligher numerical
values

Between the morphotypes, there was no sigmificant difference m terms of stomatal
conductance and transpiration during the period of extreme drought (Fig 1)although
the broad type generally had numencally higher values Similar trend was observed for
stomatal conductance during the better watered peniod (Fig 2a) mn all the irmigation
treatments The broad leaved type, however, had a significantly higher transpiration
rate than the narrow leaved type in the treatments which received supplemental

rnigation (Fig 2b)

Diwrnal trends 1n leaf water potential exhibited similar trends duning both the very dry
period (Fig 3a) and the better watered period (Fig 3b) In both cases there was a
distinct midday low penod followed by partial afternoon recovery The narrow leaved
morphotype generally had lower leaf water potential, significantly so dunng the midday
low periods Notably there was little difference in water potential between the very
dry peniod (Fig 4a) and the better watered period (Fig 4b) No difference in water
potential was detected between brackish and fresh water irngation treatments There
was a close but inverse relationship between VPD and leaf water potential, as the VPD
increased (Fig 4) leaf water potential decreased and vice versa

Both shoot elongation rate and stem girth growth rate (Fig 5) showed a sigmificant
increase with introduction of runoffirngation  After the low growth periods upto
June,the plants picked up following the runoff/irnigion n June/July Once again there

was no sigmficant difference in growth rate between the plants which received fresh

Ste
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water compared to those that were wrnigated with brackish water but the broad leaved

type had higher growth rate

DISCUSSION

The ments of runoff wngation together with supplemental irmgation 1in enhancing

growth and a number of specific physiological attributes of A saligna have been well
demostrated 1n this study Benefits of water availability in enhancing plant growth and
productivity are in no doubt Kramer (1983) noted that on a global scale water stress
reduces plant growth and yield more than all other stress factors combined Hsiao
(1973) observed that water stress affects almost all physiological aspects linked to
plant growth with expansive growth appearing the more sensitive Inhubition of
expansive growth per se by water stress has been considered in terms of turgor
reduction (Hsiao, 1973) Increasingly, however, experimental evidence mdicate that
while expansive growth appears to depend on having some mimmum turgor pressure,
the relationship 1s complex depending on age of the tissue and its stress history
(Kramer, 1983) Michelena and Boyer (1982), for example,reported that withholding
of water from growth chamber grown matze plants inhibited leaf elongation even
though there was no corresponding decrease in turgor Von Volkenburgh and Boyer
(1985) reported results which indicated that reduction in expansive growth arising
from water stress may be better explained n terms of decrease in cell wall extensibility
rather than turgor

In this study we found that A saligna plants growmng under highly droughted
conditions exhibited low growth rate which was rapidly alleviated by application of
water Nevertheless water potential data taken during the peniod of lgh soi water
deficits did not differ significantly from those taken during the better watered periods
While leaf water potential remams a useful thermodynanmuc state indicator of plant
water status, its relationship to plant growth under field conditions i1s commonly
tenuous Nyabund:i (1985),for example, found a 60% decrease in biomass of water
stressed field grown tomatoes but there was no sigmficant difference m water
potential between these plants and the well watered control throughout the season
Water stress develops gradually under field conditions giving plants opportunity to
employ adaptive measures such as reduced canopy and increased root growth which

will ensure plant survival through mcreased ratio of water uptake water loss without
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subjecting the plant tissue to excessive dehydration which may cause lethal
physiological disorders The emerging concept of root-sourced signalsof plant water
stress (Davis and Zhang , 1991) would allow the plant to make these adjustments
without the mediation of reduced plant tissue water potential In any case leaf water
potential 1s ighly dependent on atmosphenic evaporative demand which may also
mfluence stomatal movements Vapour pressure deficit 1s a good imdicator of
atmospheric evaporative demand and our data indicated that the trend and magmitude
of VPD were quite comparable during the two measuring episodes

The possible effect of leaf water potential and VPD on stomatal movements mntroduces
the element of plant control of its water economy at the leaf/atmosphere interface
Durning the very dry penod, the A4 saligna plants not only operated at very low
stomatal conductance levels but actually closed therr stomata altogether during the
midday periods when the evaporative demand was highest (Fig 1 also see Fig 3a)
This would be viewed as a water saving mechamsm mediated through atmosphernc or
soil signals That transpiration followed exactly same pattern as stomatal conductance 1s
evidence that the stomata played a major part i control of water loss during this
period This was not the case in the better watered period where not only did the
stomata remamn largely open all day (Fig 2) but there was no distinct mudday
depression It seems like the plant relaxed that survival mechanism when moisture was
available possibly for the benefit of maximzing photosynthesis and growth The
observation that transpiration remained high almost throughout the day during the
better watered period , even despite decrease in stomatal conductance i the
afternoon,is indication that stomatal conductance was not lumiting gas exchange n the
well watered plants Transpiration was therefore largely controlled by VPD the
drniving force for evaporation This was further supported by the observation that
transpiration peak lagged behind peak stomatal conductance in the better watered
period (Fig 2a and 2b) compared to almost total synchrony between stomatal
conductance and transpiration in the highly droughted plants (Fig 1a and 1b) The
suggestion here 1s that while stomata opened 1n the mormng 1n response to hight and
peaked around 9 00-9 30 Hours, transpiration only peaked around mudday (11 30-
12 00 Hours) when incident radiant flux density and consequently air temperature and
VPD approached their peak diurnal values As a fast growing desert plant it appears

adaptively strategic that A saligna would mimimize water loss during dry periods while

ey

B



54

taking advantage of the short well watered episodes to maximize biomass
accumulation The broad leaved morphotype had faster growth rate which may be
related to its higher gas exchange rates Although CO2 exchange rates were not
determuned 1n this study the higher transpiration rates, when well watered, would
suggest that the broad leaf could concervably also have ligher rate of exchange of CO2
as well although some non-stomatal factors could also be at play For example 1t has
already been mentioned that the broad leaf had amore open canopy which could itself

cause higher productivity by exposing a larger canopy leaf area to direct radiation

Since growth of 4 saligna was not affected by use of brackish water, that practice
may be considered for recommendation although longer term study is necessary to
momutor effects of brackish water on soil physical and chemucal attnibutes alongside

actual salt accumulation 1n the soil profile
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Summary

Within the framework of project C11-133 “Coordinated use of marginal water
resources in and areas “ we carried out field tnals in Kenya and 1n Israel and the
physiological response to brackish water was studied 1n pot trials in Israel We used
Acacia saligna a leguminous multiple purpose fast growing shrub 1n all our tnals In
Israel we carried out controlled field trials in which the interactions between winter
runoff, two levels of saliity and two wrnigation frequencies were studied Brackish
water (EC= 6 dSm ")was obtamned by adding NaCl to the fresh water Cross sectional
area was monitored as an indicator of biomass production The latter was always
positively affected by the application of runoff No effect of brackish irrigation was
evident for the two irmngation frequency treatments We added two well-watered
treatments (fresh and brackish) for comparison and 1t these treatments we found a
sigmficant difference between fresh and brackish treatments The relation between
Predawn leaf water potential (which was used for irmgation scheduling) and total
amount of water 1n the so1l was affected by salt addition, indicating that the osmotic
effect 1n the root zone may be of importance under field conditions

The addition of NaCl to the irrigation water decreased the hydraulic conductivity of
the soil surface layer The conductivity increased after flooding but not to the level it
had prior to application of the salt The level which 1t regained after flooding after the
second urigation year was lower than for the previous year indicating that prolonged
wrrigation with brackish water will ureversibly damage the hydraulic properties of the
soll The area affected by salts was limited to the wetted area close to the trunks but
the overall percolation of runoff water (flooding of the whole plot) proceeded at
essentially the same rate for all plots Salt concentration was also monitored 1n the so1l
profile to a depth of 1 m and at three distances from the row Samples were obtained
prior to and immediately after flooding Electrical conductivity and the concentration
of Ca, Mg and Na were determined In all treatments wrrigated with brackish water the
highest concentrations were found close to the tree rows Flooding leached the salt to
deeper horizons

In the Turkana area in Kenya the tnal was carried out with natural brackish water
pumped from a shallow acquifer Some selected physiological parameters were
monitored and 1t appears that mid-day stomatal closure i1s an important water

conservation strategy of the shrub studied Irngation changed the observed pattern and
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no mid-day depression was observed Transpiration measurements indicated that 1s
regulated by stomatal aperture during the drought periods and by vapour pressure
deficit when water 1s available in the soil No effect of water quality on the measured
parameters was observed

The effect of salt on some physiological processes showed that the effect of salinity
can be offset, in pot tnals, by the addition of mitrogen fertilizer (as nmitrate) Both
salinity and mitrate addition reduced nodulation The addition of Molybdenum
together with Nitrate reduced even further the negative impacts of salinity in the pot
grown shrubs This effect was not observed when the tnal was carned out n
hydroponic conditions

The results of the tnals carried out in the various locations bear out our initial
assumption that brackish water can be utilized to offset the severe drought which may
occur between two flood events A crucial aspect of the system tested 1s the localized
application of brackish water that allows water to percolate freely into the soil n
between the salt-affected areas The long term accumulation of salts may however
affect shrub response and 1t is therefore necessary to continue the long term

monittoring of all the relevant vanables



