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ExecutIve Summary

Overgrazmg and tree fellmg are among the leadmg causes of desertIficatIon m the

and and semI-and zones of developmg countnes PrecIpItatIon m these areas IS

usually low and erratIc However, large volumes of runoff water can frequently be

harvested, conveyed to and trapped m dIke surrounded plots m whIch the water

mfiltrates Trees planted m these plots after floodmg grow well and hIgh yIelds may

be attained Unexpected large gaps between ramfall and runoff events may occur and

towards the end of such penods the trees may have absorbed all the water stored m

theIr root zone and dIe ProvIdmg the trees With even a moderate amount of water

dunng unexpected dry spells may ensure tree sufVlval dunng the early growth stages,

and/or mInImum bIOmass productIVity for adult trees

Shallow underground brackIsh water sources are frequently present m arId zones The

hIgh salt content usually precludes theIr use for the rrngatIOn of traffitIOnal crops

However, the sporaffic applIcatIOn of brackIsh water to relatIvely reSIstant trees may

be feasIble, partIcularly m the case of runoff Imgated trees, m whIch case the salts

may be leached dunng the floodmg ofthe plot

WIthIn the framework of project Cll-B3 "CoordInated use of margmal water

resources m and areas " we carned out field tnals m Kenya and m Israel and the

phYSiOlogICal response to brackIsh water was studIed m pot tnals m Israel We used

AcaCia saligna a legummous multIple purpose fast grOWing shrub m all our tnals In

Israel we carned out controlled field tnals m whIch the mteractiOns between wmter

runoff, two levels of SalInIty and two rrngatiOn frequenCIes were studIed BrackIsh

water (EC= 6 dSm I)was obtamed by addmg NaCI to the fresh water Cross sectIonal

area was morutored as an mdicator of bIomass productiOn The latter was always

pOSItIvely affected by the applIcatIOn of runoff No effect of brackIsh rrngatIon was

eVIdent for the two rrngation frequency treatments We added two well-watered

treatments (fresh and brackIsh) for companson and It these treatments we found a

sigruficant difference between fresh and brackish treatments The relatIon between

Predawn leaf water potentIal (whIch was used for rrngatIOn schedulmg) and total

amount of water In the soIl was affected by salt addItIOn, mdicatmg that the osmotIC

effect m the root zone may be of Importance under field condItIons

The addItIon of NaCI to the rrngation water decreased the hydraulIc conductIVIty of

the SOlI surface layer The conductIvIty mcrea&~d. after floodmg but not to the level It

had pnor to applIcatIon of the salt The level whIch It regamed after floodmg after the
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second 1IT1gatlon year was lower than for the preVlOUS year mdlcatmg that prolonged

Imgatlon with bracktsh water Wlllrrreversibly damage the hydrauhc properties of the

soll The area affected by salts was hmlted to the wetted area close to the trunks but

the overall percolatIOn of runoff water (floodmg of the whole plot) proceeded at

essentially the same rate for all plots Salt concentratlon was also morntored m the sod

profile to a depth of 1 m and at three dtstances from the row Samples were obtamed

pnor to and Immediately after floodmg Electncal conductlVlty and the concentration

of Ca, Mg and Na were determtned In all treatments 1IT1gated with bracktsh water the

hIghest concentrations were found close to the tree rows Floodtng leached the salt to

deeper honzons

In the Turkana area m Kenya the tnal was carned out With natural bracktsh water

pumped from a shallow acqUlfer Some selected phySIologIcal parameters were

morntored and It appears that rntd-day stomatal closure IS an Important water

conservatIOn strategy of the shrub studIed IrngatIOn changed the observed pattern and

no rntd-day depreSSion was observed TransprratIOn measurements mdlcated that IS

regulated by stomatal aperture dunng the drought penods and by vapour pressure

defiCIt when water IS avadable m the soIl No effect ofwater quality on the measured

parameters was observed

The effect of salt on some phySIOlogIcal processes showed that the effect of sallmty

can be offset, m pot tnals, by the addItIOn of rntrogen ferttlizer (as rntrate) Both

salImty and rntrate addltlon reduced nodulatIOn The addItIOn of Molybdenum

together With NItrate reduced even further the negatIve unpacts of saltmty m the pot

grown shrubs ThIs effect was not observed when the tnal was carned out m

hydropornc conditions

The results of the tnals carned out m the vanous locatIOns bear out our Irntial

assumptIon that bracktsh water can be utIlIzed to offset the severe drought whIch may

occur between two flood events A cruCial aspect of the system tested IS the localIzed

applIcation of bracktsh water that allows water to percolate freely mto the soIl m

between the salt-affected areas The long term accumulatIOn of salts may however

affect shrub response and It IS therefore necessary to contmue the long term

morntonng of all the relevant vanables



3

COORDINATED USE OF MARGINAL WATER RESOURCES IN ARID AND

DESERT AREAS

INTRODUcrION

OvergrazIng and tree felhng are among the leadIng causes of desertIficatIOn In the

and and setnl-and zones of developIng countnes PrecIpItatIOn In these areas IS

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 floodmg grow well and hIgh yIelds may

be attaIned Unexpected large gaps between raInfall and runoff events may occur and

towards the end of such penods the trees may have absorbed all the water stored In

therr root zone and dIe ProVIdIng the trees WIth even a moderate amount of water

dunng unexpected dry spells may ensure tree SurvIval dunng the early growth stages,

and!or tnlmmum bIOmass productIVIty for adult trees

Shallow underground braclash water sources are frequently present In and zones The

hIgh salt content usually precludes theIr use for the rrngatlon of tradItIonal crops

However, the sporadIc apphcatlOn 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 dunng the floodmg ofthe plot

The overall mm of thIs project was to stablhze and eventually mcrease the

productIVIty of multIpurpose fast groWIng trees (MPFGT) grown on runoff water

generated from floods by addmg braclash water from locally aVaIlable sources dunng

dry penods

RESEARCH OBJECTIVES

1 Assess the response of Acacla sallgna, a multI-purpose fast groWIng legume shrub,

to vanous combmatlOns of runoff and rrngatlOn WIth two levels of salt

concentration

2 Assess the effect braclash water has on the phySIcal propertIes of the area rrngated

WIth brackIsh water

More specrfically, the objectIves oftills prolect were to

1 Assess the effect supplemental rrngatlon and water qualIty have on the

development and productIVIty of the above ground parts ofMPFGT

2 Assess the effect supplemental rrngatlon and water qualIty have on mtrogen

fixatIon patterns of the tree
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3 Study the effect brackIsh water has on the physIcal propertIes of the lITlgated area

and on the overall mfiltratiOn rate

4 Determme the leachmg efficIency of the runoff water and the dlstnbutiOn of both

water and salt, after floodmg

In order to meet the ObjectIves descnbed, we planted AcacIa sallgna, a proven

multIpurpose fast growmg legume tree, m both countnes (Kenya and Israel) and

Imposed a number oftreatments, whlch Will be descnbed m detads later m the report

1 Imgated only wIth fresh water

2 Imgated only With brackIsh water

3 SImulated runoff

4 SImulated runoff supplemented WIth fresh water

5 SImulated runoff supplemented WIth braclash water

SITE LOCATION

1. North-west Kenya - TURKANA

The Turkana RegiOn (see attached map) IS m North-Western Kenya (340 51' East and

30 43' North, altItude ca 390 mas I) IS well SUited to runoff agroforestry due to Its

chmatlc condItions and the SOCIo-econOffilC SItuatiOn The Turkanas are pastoralists

who are mcreasmgly engaged m ViOlent COnflIctS WIth therr neIghbors over dry season

grazmg resources and therefore m need of alternatIve fodder sources The ram fall m

Turkana IS hlghly varIable, a phenomena whlch IS typIcal for and regiOns However, It

apears to follow a bImodal dIstnbutiOn, WIth "long raIs" falhng from Apnl to July and

"short ram" penod fallmg from September to October The turkana tradItiOnally crop

Sorghum at the begmmng ofthe long ramy season (Apnl)

The productIon nsk dunng the short ram season IS regarded as too high for cropmg

Thus the Turkana would benefit from mcreased prodcutlon and yteld stabIlIty m a

runoff agroforestry system

Sod charactenstics WIll be descnbed m the results of the Kenyan expenments

2 ISRAEL

The field tnals were conducted at the Sde Boker campus (Blaustem InstItute for

Desert Research, Ben-Gunon Umversity of the Negev) IS SItuated 50 km south of

Beersheva (Coordmates 30°51' North and 34°47' East)

Sede Boqer IS SItuated Within the runofffafffilng dIstnct m the Negev, m WhICh many

remnants are present ofanCIent ramwater-harvestmg practices It IS a hilly area largely



~NAIROBI

•Machakos

..
Nakuru

o tOO 200llm
I f

..Ma~

..Meru
AMount

Kenya

SOMAUA

Indian
Ocean

A map ofKenya with the site ofthe expenment (marked With the crrcle)



5

Sede Boqer IS sItuated WithIn the runofffarnung dlStnCt m the Negev, m wmch many

remnants are present of anCIent ramwater-harvestmg practIces It IS a rully area largely

composed of Late Cretaceous and Early Ternary manne carbonate rocks Altitudes m

the runoff farnung reglon ranges from 200 m m the north to about 1000 m m the

south The loessial soIls, shallow and stony on the slopes but one to several meters

truck m 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 clImate IS very and, the PIETP ratio for the area ranges from 004 to 007

Accordmg to the classificatIOn ofUnesco of the world dIstnbution of and regIOns the

runoff farmIng area In the Negev borders the hyper-arId zone of the Inner desert

wruch has a PIETP ratio below 0 03

The ramy season lasts from about October to March, wrule the rest of the year IS

almost completely dry The average annual raInfall In the area IS about 90 mm
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THE RESPONSE OF ABOVE GROUND BIOMASS PRODUCTION OF ACACIA

SALlGNA TO SEVERAL WATERING REGIMES AND WATER QUALITY

P R BERLINERANDJ E EpHRATII

MATERIALS AND MEmODS

The SOlI m the expenmental site IS a sandy clay loam Pnor to plantmg sod

mechanIcal composition was detemnned on SOlI samples obtamed from vanous

locatIons WIthIn the expenmental field AdditIonal samples were analyzed for N, P, K,

orgarnc matter, pH, EC and ESP Results from sod analysIs are presented In Table 1

Table No 1 SOlI properties for the Sede Boqer expenmental site Standard deVIatIOns
In parenthesIs (Org M total orgamc matter on dry mass basIs, EC electncal
conductiVity In the saturated paste extract, CEC Cation exchange capacity on dry soll
baSIS ESP exchangeable sodIum percentage)

Depth Clay Sl1t Sand Org M EC pH CEC ESP
(m) (%) (%) (%) (%) (dS m 1) (meq/lOO

gr sod)
000-015 186 212 602 024 352 83 156 250

(004) (107) (012) (1 59) (3 11)
o15-03 226 212 562 025 3 19 86 158 365

(002) (129) (028) (065) (766)
030-06 266 212 482 ---- 803 84 140 590

(097) (016) (098) (929)

SaplIngs ofAcaCIa salzgna were raIsed In 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 dtstance between trees In the row Measurements were carned out on the

four Innermost trees With the rest actmg as buffers Each treatment was rephcated

three times With a completely random dIstnbution Wlthtn each ofthe three blocks
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The followmg treatments were Implemented as from the 5 of August 1995

a) Controls
R
WW
WWB

b) Treatments
RHF runoff+ lITIgatIon when predawn XLWP reached -1 6 MFa
RLF runoff+ lITIgatIon when predawn XLWP reached -2 0 MFa
RHFB runoff+ lITIgatIOn wIth bracktsh water when

predawn XLWP reached -1 6 MFa
runoff+ lITIgatIon WIth bracktsh water when

predawn XLWP reached -2 0 MFa
lITIgatIon when predawn XLWP reached -1 6 MPa
Imgation when predawn XLWP reached -2 0 MPa
Imgation wIth bracktsh water when predawn

XLWP reached -1 6 MPa
Imgation With bracktsh water when predawn

XLWP reached -2 0 Mpa
(XLWP xylem leafwater potentIal)

The plots were flooded With tap water (simulatmg runoff With an eqUlvalent

depth of 250 mm) once a year towards the end of the ramy season ImgatIOn With

both water qualItIes was applIed whenever two out of the three rephcates reached the

stIpulated predawn xylem leafwater potential

Predawn XLWP was measured WIth a Schollander bomb The leaves were

wrapped m a polyethylene bag, excIsed and stored m a cool box PotentIals were

measured after all leaves had been collected No dIfferences between potentIals

obtamed With thIs techmque than With those that were measured ImmedIately after

excIsion were found m a prehmmary study

The volume of water apphed was computed from the defiCIt between water

content at Field CapacIty and water contents (to a depth of 1 05 m) determmed 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 mserted m the row

mId-way between two measurement trees The depth m each plot vaned accordmg to

sod condItIons An almost Impassable chalk layer was found at depths that vaned

between 25 and 3 m To msert the tubes a speCIal perCUSSIOn auger With a hydraulIc

extractor was used Well-watered plots were lITIgated twIce a week and the volume of

water apphed determmed as descnbed above

(V
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Imgation was apphed wIth a dnp lITlgation system wIth pressure regulated

effiltters Each of the four rows of trees wtthm each plot were surrounded by a dIke­

hke structure (made of plastic sheets) wtth a wtdth of 1 m Tills ensured no surface

water flow outsIde the dIke Due to the relatIvely low hydrauhc conductIVIty and the

small dIstance between effiltters the area bounded by the dIke was usually flooded

The EC of the water for plots lITlgated With water from the Israeh NatlOnal

Water Carner was 04 dS m-1, willIe that of the plots lITlgated wtth bracktsh water

was 6 0 dS m-1, prepared by addmg NaCI to the tap water The total amounts of

water apphed durmg the first four years are presented m Table No 2

Iml atlOn Treatments
Contro HF LF HFB LFB WW WWB
I

ImgatIon
(no-runoff 2226 1815 2024 1755 3260 2635
apphed)

Imgation + 1066 3375 2603 2961 2675
Runoff

Table No2 Total amounts ofwater applIed durmg the tnal (four years)

It was not possIble to estImate bIomass dIrectly due to the small number of

trees BIomass was therefore estImated from trunk cross sectlOnal area (CSA) usmg

prevlOusly establIshed allometnc equatIons We tested the possIble effects ofbracktsh

water on the CSA-blOmass relatlOns, The results (FIg 1) show no sIgmficant

dIfferences m the blOmass-CSA regressIons for trees willch were lITlgated WIth

bracktsh water and those that had been Imgated With tap water We therefore pooled

the data and used the same equatlOn for the blOmass estImatIOns ofall treatments

InfiltrabIhty was measured before and after floodmg m selected plots usmg a

falhng head permeameter Three rephcate measurements per plot were earned out

\ \
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D RESULTS AND DISCUSSION

The developments of the eSA's ofvanous treatments are presented m Figs 2-11 The

decrease m blOmass production due to the use of braclash water In the well-watered

treatments IS clear (FIg 2) The effects of rrngatlon frequency for both water qualitIes

are presented m Figs 3 and 4 The fact that there was no mfference m productIVity for

the two lower braclash rrngatlOn frequencies IS noteworthy In Fig 5 the two lowest

ImgatlOn frequencies for both water qualIties are presented It IS mterestmg to note

that both treatments rrngated With braclash water performed better that LF In Figs 6

and 7 the effect of floodmg and rrngation frequency (well watered, hIgh and low) for

both water qualItIes are presented The mfferences between treatments IS more

marked for the tap water than for the braclash water In Fig 8 the effect of runoff In

additIOn to rrngatlOn IS presented For both frequencies runoff Improves productIVity

The same trend IS eVident In FIg 9 for the corresponding brackish rrngatIon

treatments In Fig 10 we compare the treatments whIch were rrngated With both

water qualIties at two frequency levels and received runoff The same trend that was

eVIdent In Fig 5 can be observed the eSA of R+LFB IS slIghtly lower than that of

R+HFB and the mverslon between the frequenCIes of the brackish treatments occurs

two years after floodmg

The eSA data was statIstIcally analyzed for a number of dates (319, 734, 974, 1012

and 1278 dap) The first analysIs was performed on the standmg blOmass and the

second on the bIOmass productIOn m the Intervals between the above mentlOned dates

Due to the IntroductlOn of well watered and runoff only treatments the deSIgn was

non-balanced We carned out therefore a number of ANOVA's on a vanety of

treatment combInatlOns Throughout the analysIs the use of the word sIgmficant

means sigruficant at the 5% level

I STANDING CSA ANALYSIS

1 Fresh water rrngation only (WIthout runoID For DAP 319 the Low Frequency

(LF) treatment yIelded sigruficantly less than HIgh Frequency (HF) and Well

Water (WW) At DAP 734, 974 and 1012 the three rrngatIOn frequenCIes

produced sigruficantly dIfferent eSA's (WW>HF>LF) OnDAP1278 WW

produced a slgmficantly hIgher eSA than HF&LF
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2 BrackIsh water ImgatIOn only (wIthout runoro No sIgnIficant drfferences were

found for DAP319 For the rest of the dates WWB was sIgnIficantly higher than

HFB&LFB

3 Fresh and brackIsh lITIgatIOn (wIthout runoff) On_DAP319 frequency and the

mteractIOn were sIgmficant At low frequency brackIsh treatments produced larger

CSA than the freshwater treatments At higher frequencies the opposite was true

On DAP734 freq, sahnIty and theIr InteractIons were sIgmficant Fresh CSA's

were signIficantly higher than brackIsh ones and WW was sIgmficantly higher

than HF&LF InterestIngly enough the mteractIons between factors showed that

for the lowest frequency brackIsh lITlgatIon resulted In larger CSA's than those

lITigated with fresh water For the other two lITlgatIon treatments (HF&WW) the

opposite was true The same results were obtamed for DAP974 and DAPlO12 On

DAP1278 only Frequency and mteractIons were sIgmficant The highest

frequency (WW) produced sIgnIficantly more than the other two treatments The

same pattern of mteractIons as descnbed for the prevIous dates was observed

4 Fresh and brackIsh ImgatIOn with and Without Runoff (only runoff and well

watered plots excluded) On DAP319 frequency and runoff were SIgnIficant

factors, HF and runoff mcreasmg CSA On the followmg dates the followmg

pattern was repeated Only runoff was a sIgmficant factor (additIOn resulted In

higher CSA's) and a sIgmficant InteractIon between frequency and sahnIty was

observed For LF lITlgatlon wlbrackIsh water resulted In higher CSA's and the

opposite was true for HF On DAP1278 only runoffwas sIgmficant

II CSA PRODUCTION DURING INTERVALS

The productIOn dunng four penods (DAP319-DAP734, DAP734-DAP974,

DAP974-DAPlO12, DAPlO12-DAP1278 denomInated as penods 1 through 4

respectIvely) was analyzed

1 Fresh and brackIsh lmgation (WithOUt runoff) For the first two penods both

factors (frequency and sahmty) were sIgmficant No sahmty resultIng In higher

CSA's and the highest frequency (WW) resultIng m higher CSA's as well The

InteractIons between frequency and SalInIty resulted In the same pattern as

descnbed prevIously Only frequency of trngatIOn was sIgmficant for the thIrd

penod rvvw higher than the two other frequenCIes) and none of the factors was

SIgnIficant for the last penod

\f
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2 Fresh and brackIsh Imgation wIth and wtthout Runoff (only runoff and well

watered plots excluded) Runoff and Freq x sahmty were sIgmficant for penod 1

The mteract10n was as descnbed prevlOusly For penod 2 frequency and runoff

were sIgmficant (HF>LF and runoff higher CSA's than WIthout) as well as the

mteractlOns between frequency and runoff The addItion of runoff resulted m

larger CSA's than wtthout Its addltlon for LF but had no effect at the htgher

frequency No slgmficant factors or InteractIOns were found for the two remaInIng

penods
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Table 1 Cross Sectional Areas (cm2
) for all plots throughout the tnal penod

RUNOFF SALINITY FREQ REP DAP182 DAP254 DAP319 DAP483 DAP597 DAP734 DAP767 DAP942 DAP974 DAP1012 DAP1207 DAP1263 DAP

1 0 0 1 1 1 45 80 102 215 257 356 357 359 357 391 434 460

1 0 0 2 09 33 59 101 150 156 193 226 205 208 277 315 335

1 0 0 3 08 24 47 77 137 178 223 221 259 261 273 312 327

0 0 3 1 14 46 82 146 233 464 532 648 727 781 817 859 895

0 0 3 2 1 2 46 65 160 257 511 592 701 821 835 1018 1037 1091

0 0 3 3 10 32 70 137 222 444 475 612 693 738 819 849 886

0 1 3 1 09 36 68 121 171 342 408 444 506 541 592 669 674

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 11 6 161 279 308 336 350 380 429 438 434

0 0 2 2 17 51 82 134 173 294 31 1 379 406 449 488 500 503

0 0 2 3 12 47 75 155 214 350 390 430 448 468 536 577 632

0 0 1 1 17 27 38 104 149 245 267 294 306 326 391 405 410

0 0 1 2 06 17 27 74 11 2 228 231 245 261 287 348 358 369

0 0 1 3 1 1 19 33 75 107 223 243 266 285 290 317 327 309

0 1 2 1 08 27 50 104 146 245 262 310 325 359 426 447 433

0 1 2 2 09 29 54 106 145 224 249 291 305 331 393 413 407

0 1 2 3 10 37 57 11 5 173 257 285 319 367 378 442 453 465

0 1 1 1 13 30 42 88 148 267 280 334 316 349 463 474 490

0 1 1 2 25 36 72 137 225 369 380 386 415 436 506 518 524

0 1 1 3 06 23 36 86 146 250 264 271 283 331 384 371 376

1 0 2 1 08 41 57 95 168 300 313 365 383 397 419 451 456

1 0 2 2 1 1 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 41 1 414

1 0 1 2 10 36 60 132 225 345 414 437 443 492 540 588 620

1 0 1 3 08 29 44 99 173 270 327 354 355 368 426 460 578

1 1 2 1 15 62 77 139 221 340 365 420 446 432 483 509 522
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1 1 2 2 1 5 46 81 136 221 323 360 388 407 431 478 495 513

1 1 2 3 13 43 77 139 238 31 1 358 388 419 431 456 497 505

1 1 1 1 13 48 75 127 244 360 414 444 488 498 549 618 661

1 1 1 2 07 29 45 92 164 255 305 350 358 376 416 470 487

1 1 1 3 12 43 78 139 260 343 412 440 453 456 470 455 535
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The results of mfiltrablllty presented m Fig 10 were obtamed two and three

years after the Implementation of the bracktsh treatments The results mdlcate that

Imgatmg wIth bracktsh water resulted m a decrease of the mfiltrablllty Thts decrease

was sIgmficant pnor to floodmg m 1996 Floodmg m 1996 mcreased mfiltrabIhty

whtch was not slgmficantly different from the control 0NW) The same trend was

observed for 1997, but even though the mfiltrablhty levels of the bracktsh treatment

mcreased after floodmg they were slgmficantiy lower than those of the control The

mfiltrablltty values of the correspondmg treatments that were not flooded show a

contmuous drop

Dunng tmgatlon only a small part of the surface was wetted Infiltration rates

of the remammg area were therefore unaffected by tmgatIOn Dunng the floodmg of

the plots (as happens dunng a runoff event) water mfiltrates maInly through the area

not affected by the bracktsh tmgatIOn We could see no systematic differences m the

tIme It took the ponded water to dIsappear m the plots that had been prevIOusly

Imgated wIth water of dIfferent quahties

E CONCLUSIONS

1 Stonng of runoffwater had a positive effect on tree development

2 No detnmental effect oftmgatmg wIth bracktsh water on bIOmass productIOn at

the two lowest tmgatIOn frequencIes could be detected

Infiltrablhty decreased as a result ofpenodlcally Imgatmg wIth bracktsh water even
after floodmg
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LWP MEASUREMENTS

IntroductIon

Leaf water potentIal (LWP) IS used as an mdex 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) IS the potentIal attained dunng the mght pnor to

sunnse and IS assumed to represent the mtergrated sod water potentIal m the root zone

The PDLWP whIch was collected throughout the three years of the expenment were used

m order to decIde when to rrngate

LWP was measured usmg two kInds of pressure chambers at the begmnmg of the season

when the LWP values were relatIvely hIgh, the ARI II pressure chamber type (Anmad

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 mstrument 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

alummum foil at the mght pnor to measurements ThIs procedure was carned out m order

to prevent any water loss from the tIme of cuttmg the leaves to the tIme of the

measurements Keepmg the leaves overrught covered WIth the alumInum fod ensured that

the leaves would reach the same water potentIal as the sod close to root system

PotentIals were measured once a week m all three replIcates of all treatments

FIg 1 shows data for the control (=runoff only) treatment throughout the three years of

the tnal A contmuous reductIOn In PDLWP was measured throughout the grOWing

season ofeach year The hIghest value of PDLWP was measured nght after the flood and

Since no addItIOnal ImgatIOn was appl1ed. the .plants grew most of the season under water
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stress condItions At the end of each year, PDLWP reached very low values
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::E -am +-------= "--a-a-------­
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-1 00-l-~...,...-----------

FIg 1 Pre-Dawn LWP In Treatment 1 (runoff only) throughout the grOWing season
dunng the 3 years of the tnal, Sede Boqer, Israel

In FIg 2 the PDLWP oftreatments 2 (R+Htgh Frequency-Fresh), 3 (R+Low Frequencyu-

Fresh) and the same rrngatlOn treatments wIth bracktsh water (Treatments 4 and 5) are

presented

The companson of Treatments 2 and 4 (FIg 2) indIcates that the changes In PDLWP

were more pronounced In the hIgh quahty water Since both treatments were rrngated

when PDLWP reached a value of-1 6 Mpa, we can see that dunng the first two years of

the expenment the frequency of the rrngatlons was hIgher (shown here as Increase III

PDLWP) III treatment 2 when compared to treatment 4

In the low rrngatlOn frequency treatments (Treatments 3 and 5) we can see that the
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PDLWP reached lower values In companson wIth treatments 2 and 4 In addItIon to that

we also found that lITIgatIng WIth fresh water of low frequency caused a lower PDLWP

when compared WIth the same frequency of lITIgatIon WIth salme water ThIs phenomena

was detected throughout the three years ofthe expenment

In FIg 3 the PDLWP of treatments 6-9 IS presented In thIs treatments the lITIgatIon

scheme was IdentIcal to the first set of treatments (2-5) but WIthout a flood at the

begmmng ofthe lITIgatIOn season

Companng the PDLWP data of treatments 2-5 WIth those of treatments 6-9 shows that

the frequency of rrngatIOn was hIgher, or a faster reductIon m LWP m the case that no

flood was applIed at the begmmng of the lITIgatIOn season (Treatments 6-9), whIle m

treatments 2-5, the change m LWP was slower resultmg In less lITIgatIon events

In FIg 4 there IS a companson of the results from treatments 10 (fresh water) and 11

(bracktsh water) whIch were lITIgated twIce a week regardless to the PDLWP levels

Treatment 10 was lITIgated WIth fresh water and treatment 11 WIth salme water Dunng

the 1st year the PDLWP's of treatment 10 were lower than those of treatment 11 but from

the 2nd year untIl the end of the expenment, the PDLWP's of treatment 11 were lower,

although both treatments were lITIgated twIce a week From the data presented m Table 1

we can also see that the amount of water applIed to treatment 11 were lower when

comared to treatment 10 whIch mIght mdlcate a smaller root system that cause a faster

mcrease and decrease m LWP

The connectIon between the PDLWP and the percent of the water content m field

capacIty was studIed dunng the three years of the tnal Pnor to SUnrIse the plant water

potentIal conSIder to be m eqwhbnum WIth the sod In the vlclmty ofthe roots



000

-050 +1--------------

-1 00 I '1(

cu -1 50 I tiC!b.R J
0.

:E -2 00 I I W I \I ... 'JI(-

:I
9-< -2 50 JJ ~"

-3 00 -/--------------

-350 -j--------------

-4 00 -/---,--,.----.---.-----,,----,--,...----,----,
150 170 190 210 230 250 270 290 310 330

-050

-100 I .. (I •.••

-1 50 I 1 I'll n IU-

cu 1'1'1'.'0. -2 00 I _ I ~ l:
:i: ¥II!!J \'1; -250 I JJ. I

~

_300j ~ ~

~::: , , ,0, , , I

150 170 190 210 230 250 270 290 310 330

Days of the Years

Treatment 6
High freq
FRESH

-.-1st year
-9-2nd year
-B-3rd year

Treatment 7
Low freq I

FRESH

......-1st year
-9-2nd year
-B-3rd year

-0 50

-1 00 I ..... ~~ijlrnA It

-1 50 I IL:wG-

cu
~ -2 00 I r I"" 8 I~ .... &

:I -250 t "" rl.- ....
9-<

-300 +1-------------

-350 +1-------------

-400 I , , , I , , I ,

150 170 190 210 230 250 270 290 310 330

-050

-100

-150

~:E -200

J -250
iTt

-300

-350 I 0

-400 I I , I I , , I I I

150 170 190 210 230 250 270 290 310 330

Days of the Years

Treatment 8
High freq I

BRACKISH

-'-1st year
-9-2nd year
-8-3rd year

Treatment 9
Low freq I

BRACKISH

--.-1st year

-9-2nd year
-8-3rd year

v
FIg 3 Pre-Dawn LWP m the 2 lITIgatIOn frequencies and 2 water qualIties without runoff treatments (treatments 6-9) throughout the growmg
season dunng the 3 years of the tnal, Sede Boqer, Israel



000

-0 50 +---;:;---=--::::--7'~~~-------

-1 00 -+---\--f----M

-2 00 -r-------+lf---~--++--­
';
.!!!

3-0 -250 -r---------------­

-300 -r----------------

-350 -r----------------

-4 00 --j--,---,----,----,---.--....---..,--~~

150 170 190 210 230 250 270 290 310 330

Days of the Year

000

-050 -r------------::r------

-1 00 +------'"~-___,,:::....::.:tot

as -1 50 -j--------.fIIr-----..~-!=lfI!!th!l!lI:-----1r-----­
a.
~
'; -2 00 -r--------~-~----­
.!!!

3-0 -250 -r----------------

-300 -r----------------

-350 -r----------------

-4 00 i-----,--,---,---,------,---.,-----r----,----

150 170 190 210 230 250 270 290 310 330

Days of the Year

A
treatment 10
well water
FRESH

--.- 1st year

-e-2nd year

-e-3rd year

B
treatment 11
well water

BRACKISH

--.- 1st year

-e-2nd year

-e-3rd year

FIg 4 Pre-Dawn LWP In the well water treatments lITIgated With fresh (treatment 10)
or bracla.sh (treatment 11) water throughout the groWing season dunng the 3 years of
the tnal, Sede Boqer, Israel



Leaf Water Potential, 1sf year

-050

-1 00
ca -'-R+Hlgh Freq ,
Q. -1 50
~

Fresh water, Trt
2

-200 -R+Hlgh Freq
Brackish water

-250 Trt 4

200 250 300 350

Day of the Year 1996

Leaf Water Potential 2nd Year

-050

-1 00
ca
Q. -1 50
~

-200

-250

150 200 250 300

-R+Hlgh Freq
Fresh water Trt
2

......R+Hlgh Freq
Brackish water
Trt4

Day of the Year 1997

Leaf Water Potential 3rd Year

250 260

-050

-1 00 -+-- -~....---I--=--..p~--'I~--

ca -1 50 +----F--T--+-~.-t-"llll...,~l:::_..._-­
Q.
~ -2 00 +---I------~-I-___u~~t:I--_"r_f_--

-250 -+---,A---=-----"""----_---

-3 00 -+----,--..........----,----------,

210 220 230 240

- R+Hlgh Freq
Fresh water Trt
2

......R+Hlgh Freq
Brackish water
Trt 4

Day of the Year 1998

FIg 4 Companson ofPre-Dawn LWP treatments 2 and 4 (R+HF, trrlgated With fresh
and braclash water respectIvely) throughout the grOWing season dunng the 3 years of
the tnal, Sede Boqer, Israel



18

The companson between the PDLWP and the sod water content under Imgatlon with

braclash or fresh water was carned out for throughout the years of the tnal The results

presented here are for the 2nd year (1996) of the expenment

The results (Fig 5) mdlcate that under the fresh water a higher leaf water potentlal was

recorded under the same sod water content when compared to the braclash water

These results mdIcate that the osmotIc potential Which resulted from the additIon of salts

affected plant water ststus These effect was however not clearly expressed m the CSA's

SimIlar results were obtamed also for the thrrd year
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Evaluation of the Effectiveness of Run-off In LeachIng Salts In Sods Irngated with

BrackIsh Water In the Negev

A Musandu, J Ephrat, P Berbner, M SIlberbush and C Wexler

ABSTRACT

The effectIveness ofrun-off on salt leachmg m a soIl rrngated WIth braclash water was

evaluated m an acacra sa/rgna rrngatIOn field tnal lald out on March 1995 at the Jacob

Blaustem InstItute for Desert Research at Sede-Boker m the Negev Desert, Israel The

plots were rrngated by run-off water dunng the wmter, and by eIther fresh-water or

braclash water dunng the summer, or WIth fresh-water or brackish water around the

year ImgatIOn was apphed when leafwater potennal decreased below -1 6 or -20 bar

DetaIled sod samplmg was done m 1996, 1997, and 1998 at 0, 1 and 2 m from the tree

row The results mrncated that salts accumulated away from the tree row, but the pattern

of the accumulatIOn vaned With the flushmg regIme Wmter flood WIth runoffwater

leached the soluble salts that accumulated dunng the summer away from the tree root

zone In a contmuous-rrngatIOn regune WIth brackish water, on the other hand, the salts

accumulated along the whole soIl profile, but 1-2 m from the tree bne, whIle the root

zone was kept relatIvely With low sod sa1mlty

INTRODUCTION

The Negev desert IS short m preCIpItatIOn, but has a large amount ofbraclash ground

water There IS therefore a need to develop technolOgies that would enable the use of

tills water for rrngatIOn WIth mmlmum damage to crop Yields and the soIl conrnnon

(Mantell et al 1985, Yadav, 1991) In the Negev, both the soIls and the ground water

avaIlable for ImgatIOn are often salme DIfferent strategtes were adapted to ensure that

the sod and water resources m tills regton are used effiCIently, mcludmg Growth of salt

tolerant crops such as cotton (Mass and Hoffman, 1977), and the use ofthe dnp

lffigation method (Elfvmg, 1982) The broad ObjectIve ofrrngatlOn ofagncultural crops

WIth salme water are to leach salts down below the root zone, to reduce surface

evaporatIon to a mmlmum and to ensure maxunum utilizatIon ofwater by the plants

(Mmhas and Gupta, 1992) These mtervennons do not address the problem of soIl

salmlzatlOn WIth tlme when brackish water IS used for rrngatIOn BeSIdes, most of the
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research work on the use of salme water for sIlVIculture has been restncted to the Imtial

establIshment stages (Mmhas et al 1997)

In tms study, the effectiveness of run-off water on leachIng salts m a soI1lITIgated With

brackish water was measured, and the long-term nsks ofthe use ofbrackish water were

evaluated

MATERIALS AND METHODS

DetaIled soIl samplIng was done m an AcaCIa salrgna lITIgatIOn field tnallwd out by the

Run-off Agnculture Research Group at the Jacob Blaustem InstItute for Desert Research

at Sede-Boker on March, 1995 The treatments m the AcacIa rrngatlOn tnal were

1 ImgatIon With run-off only (control),

2 ImgatIon With run-offdurmg WInter and lITIgation With fresh water throughout the

summer,

3 ImgatIOn With run-offat Winter and lITIgatIOn With brackish water throughout the

summer,

4 ImgatIOn With fresh water tWIce a week, throughout the year

5 ImgatIOn With brackish water tWIce a week, throughout the year

The Imgation treatments at (2) and (3) were apphed eIther when the leafwater potentIal

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

Run-offwas SImulated by tloodmg the plots With 250 mm offresh water ofthe NatIOnal

Water Carner, wmch IS eqwvalent to annual preCIpItation at the Northern Negev The

treatments were arrayed m a splIt-plot, completely randormzed deSIgn, and replIcated

three tImes Run-off treatments were m the maIn plots and the dIfferent water qualItIes

and lITIgatIon ttmmg m the sub-plots Plot dImenSIOnS were 5 by 8 m, each With four

rows of four trees The mter-row dtstances between trees were 1 m, and 2 m between

rows, a I-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 contrastmg treatments The soil samplmg was done at 0, 1 and 2 m

from the tree row m each plot SoIl samplIng was done m two treatments only Plots
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throughout the year than those plots whIch were lITIgated WIth altered water sahmty, The

slope ofthe former IS close to 10, as would be expected accordmg to US Salmtty

Laboratory Staff (1954) charts Other factors but Na apparently resulted m the ECe of

those plots that were flushed WIth non-salme water durmg the wmter, as may be learned

from the correlatIon ofECe and the extract sodtum adsorptIOn ratIo (SAR, FIg 2) The

1996 ECe data, obtamed from 1 1 SOll water extracts (FIg 3a-c), showed an

accumulatIon of soluble salts m the top 15 cm ofSOll profile ThIs accumulatIon occurred

WIthm the tree lme before the flood (they apparently were flushed by the flood), and m

the plots whIch receIved only bracktsh water by lITIgatIOn throughout Stmtlar

accumulatIon ofsalts m the tOPSOll after lITIgatIOn has also been observed by BaJwa et al

(1984) Salt accumulatIOn m the tOpSOll occurred after the lITIgatIOn when the SOll was

subjected to evaporatIOn, leadtng to upward movement of soluble salts The amount of

salt that moved upwards depends on the salt quantIty present m that part ofthe SOll

profile, so it is affected by the qualIty of the lITIgatIOn water used (MIyamoto et al,

1986) Floodmg resulted m the leachmg ofsalts from the tOPSOll to the lower honzons,

In the non-flooded plots, at 1 and 2 m from the tree lme, the soluble salts accumulated In

the deep SOll profile The lateral and vertIcal movement of water from the dnp emttters

also affected salt dtstnbutIOn In the soIl profile

The 1997 ECe data (FigS 4a-c) showed that floodmg caused relatIvely more leachmg of

salt from the 1- and 2-m distances from the tree Ime than WIthIn the tree Ime ImgatIon

WIth bracktsh water only also caused some leachmg of salts down the soIl 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 In the top SOll assOCiated WIth the pOSitIon 1-m away from the tree Ime, but

not at 2-m distance Floodmg had the same effect on leachmg down the salts as In 1997

The no-flood plot showed a greater salt accumulatIOn In the topsoIl either at the 1- or 2­

m pOSItIons from the tree lme Due to the 3-dtmenslonal pattern oflateral and vertical

dIstnbutIons ofwater and salts WIth the dnp lITIgatIOn system, a budd up of SallDlty

occurred m the SOll profile along the tree lme, away from the tree - maxnnum salmtty was

observed close to the surface Stmtlar trends m SOll salmtty budd up as a result ofusmg

poor qualIty lITIgatIon 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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dIstnbutIon m the SOll profile both m 1997 and 1998 (FIgS 6a-c and 7a- c) and the

correspondmg ECe data (FIgS 4a-c and Sa-c), respectIvely

MagnesIUm concentratIon vaned WIthm a Wider range than that ofcalcIUm The observed

accumulatIon ofboth Ca (FIgS 8a-c) and Mg (FIgS lOa-c) m 1997 With mcrease m

depth m the SOll profile on the tree lme could be attnbuted to therr roles as

accompanymg catIons durmg leachmg In 1998, the pattern ofCa and Mg dIstnbutIOns

(FIgS 9a-c and lla-c, respectIvely) m the SOll profile was slffillar to that observed for Na

and ECe Some ofthe leachmg observed m 1998 could have been caused by the 1997

wmter rams The values of SAR at the 1- and 2-m distances from the tree lme were

sIml1ar, but lower than the values for those pOSItIons at the tree lme (FIgS 14a-c and 15a­

c, respectIvely) Tllis was true m all cases except than after the flood m 1997 when they

were lugher deeper than 20 cm The profiles obtamed when -v[(Ca+Mg)/2] concentratIOn

(m me/l) ratIo data (FIgS 12a-c and 13a-c, respectIvely) were plotted agamst depth were

slffillar to the ECe profiles

Tllis study has shown that floodmg can be used to effectIvely leach salts to deeper

honzons m the SOll profile and that Na concentratIOn m the saturated extract and the ECe

are good mdicators of the leachmg accomphshed
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PhysIOlogIcal studIes on the response of AcacIa sahgnato sahmty and mtrogen

S H LIps

BIOstress Research Laboratory (J Blaustem Inst for Desert Research) and Dept of LIfe
SCIences (Fac of Natural SCIences) Ben-Gunon Umv of the Negev Sede Boqer 84993 Israel

The folloWIng studIes were carned out to assess the potentIal response of AcacIa young trees to
dIfferent concentratlOllS and sources of mtrogen under vanous salImty levels, to estabhsh sunple
techmques to mcrease blOmass productlOn under stress

Plant matenal used m the Imtial expenments were seedlIngs obtamed from local seeds However, It
was observed that the vanabIhty m the development of the seedhngs as well a some of therr
responses to expenmental treatments was conSIderable Several propagatlOn methods were tested
unttl we were able to produce a rehable methodology to obtaIn homogenous young plants From this
pomt on tlme, all the expenments were carned out usmg plants developed from cuttmg taken from a
sIngle tree m Sede Boqer

A number ofexpenments extendmg for short (4-8 months) to long (1-3 years) tlmes were performed
and some of the more slgmficant results are shown here Most of the matenal IS m preparatlOn for
pubhcatlon In relevant sClentrfic Journals

BIOmass productIon as affected by mtrate

Young acaCIa plants were grown m the presence of three levels ofmtrate 0,2 and 5 mM The effect
ofmtrogen level was followed on the bIomass productIon ofleaves, stems, roots and nodules (FIg
I) The plant part most affected by mtrate was root bIomass NItrate IS known to enhance root

BIOmass (-NaCI)
800

700

~ 600eua.
en 500--.c0)

(j) ...00
:=
.c
fI) 300
Q)
~

LL
200

100

0
0 1 2 3

mMN03

• leaves
g stems
• roots
• nodules

4 5

. ,. . . . .. .
: •• ~.' • ...... L .~:: ~t,-, ~...:.., ',... i"~!. "" ":" - ~. '~.'" ~ ~



- 26

development of plants In generally, specIally branchIng and formatIOn of lateral roots ThIs seems to
be the case also With AcaCia and should be used Increase root prohferatIOn In deep zones of the SOll,
to Increase the possIbIhties of the tree to tap these zones when the upper layers dry up durmg the dry
season
One should consIder the convemence of spreadIng rutrate between the trees pnor to runoff
accumulatIOn or braclosh water ImgatIOn The fact that rntrate IS washed down through the SOll
profile With the water, should enhance root prohferation In deep soIls

Salt tolerance and mtrogen

Sallmty affected the bIOmass productIOn of AcaCia plants However, Increased supply of rutrogen
(rntrate) allowed the plant to sustam bIomass productIOn In the presence of 100 mM NaCI (FIg II)

Fresh weight of plant parts

100 mM NaCl, 0,2,5 mM N03
400
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350 -
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50

0
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In thIs expenment, the mam Impact ofadded rntrate was on the bIOmass productIOn ofleaves and
stems They were not only larger In SIZe but also more numerous There IS no doubt that braclosh
water lffigatIOn should be accompamed by Increased supply ofrutrate, as was well documented for a
large number of crops In projects C5-001 and C8-131
AcaCIa plants exposed to 200 mM NaCl showed also enhanced tolerance to salt In the presence of
rntrate (FIgure IIb) In thIs case, even roots showed Improved growth when "fortIfied" WIth 2 5 - 5
mM rntrate
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Fresh weight of plant parts
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Leaf area
Leaf area of the plant determmes not only Its transpIratIOn area but ItS photosynthetIc capacIty as
well Leaf area ofAcacIa decreases In plants exposed to salIruty 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 rutrogen promoted leaf WIdth Plants grown In hydroporucs In very hIgh
rutrate concentratIOn were very broad, almost round Stressed plants produced the well known
elongated leaves

Leaf area per plant
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N2 fixmg nodules
The acaCIa plants were grown In the greenhouse In a mIxture of sand and local soIl These plants
formed consIderable amounts of nodules In the absence ofNaCI nor N03 (FIg IV) However, both
Sallruty (100 mM) and mtrate InhIbIted the number and actIVIty of these nodules InlnbItlOn of about
85% took place In the presence of 100 mM NaCI When thIs level of Sallruty was applIed In the
presence of 2 or 5 roM rutrate, nodules dId not develop NItrate at a concentratIOn of 5 mM InhIbIted
no more than 38% the bIOmass ofnodules formed by control plants ThIs fact suggest that
applIcatIOns of rutrate to the soIl before lfflgatton may promote root growth In deep soIl layers
WIthout affectIng too much the formatIOn ofN2-fixmg nodules In the upper soIl layers

(pl
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TranSpiratIon rates durmg growth

Plant transpIratIOn was morutored dunng theIr development and was determmed by the dIfference
between water applIed less water collected m leachmg less evaporatIOn (FIg V) These
measurements were carned out wIth all treatments but only two will be shown here Plants grown m
the absence ofmtrate (FIg VA) and plants receIvmg 5 mM rutrate (FIg VB)

The development ofthe young plants was very slow Imtially, as may be observed (FIg VA) dunng
the first 7 weeks ofgrowth, m wllich tranSpIratIOn of the plants m all the treatments was very low
From there onwards, a rapId development was observed m plants Without Sallillty TranspIratIOn IS
also an expressIOn of the development of leaf area and good growth condItIOns Tllis phenomenon
seems to be related to the development pattern ofacaCia plants that mvested all ItS resources on the
promotIOn of root growth dunng the first two months Once tllis lilltlal tap root development was
completed, assumlates were allocated also to shoots (leaves and stem growth) Illis later
development was greatly mllibited by sallmty, apparently due to the lack of mtrogen reqUIred for the
productIOn ofaddItIOnal leaves
The Irutial preferentIal allocatIOn ofassumlates to root growth was observed also m plants subjected
to the same level of sa1lIDty but m the presence of 5 mM N03 There IS no doubt that shoot growth
was stunulated mamly when the level ofsa1lIDty was 100 mM NaCI (SI), but even when Sallillty was
as lligh as 200 mM NaCI - addItIOn of mtrogen enhanced shoot growth The later declIne m growth
after 12 weeks seems to be unrelated to the treatments and affects even the controls Illis later
declme was prevented by usmg much larger pots for the acaCIa plants
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TranspiratIOn rate of acacia plants
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Effect of sahmty, mtrate and molybdenum on biomass production and mtrate aSSimilation ID tree

ofAcacza salzgna.

E E SaVldova and S H Lips

BIOstress Research Laboratory (J Blaustem Inst for Desert Research) and Dept of LITe SCIences (pac

ofNatural SCIences) Ben-Gunon Dmv ofthe Negev Sede Boqer 84993 Israel

Introduction

Acacia salrgna (cyanofilla) IS a small mtrogen fixmg fast growmg tree (an average heIght 62 m

(Bolland 1989) natIve to the south-west ofWestern AustralIa AcaCia salrgna IS cultIvated m north Afncc

and m the nuddle East for fodder, fuelwood, sand stabilisatIOn and as a wmd break The tree IS tolerant 0

drought, lIght frost, alkallmty and salt (SImmons 1981) It can grow on very poor sandy soIls because 0

abIlIty to fix atmosphenc mtrogen

The color of nodules mdicates the presense of leghemoglobm wInch IS necessary for effectIve functIOmn~

of N-fixation machmary Leghemoglobm With ItS Ingh affimty for oxygen can facIlItate the supply 01

oxygen reqUIred for VIgOroUS respIratIOn, phosphorylatIOn and the fixatIOn of mtrogen under conditIom

of extremly low oxygen tensIon m bacterOlds of nodules (Appleby, 1984) It plays a key role of m mtroger

fixatIOn wInch reqUITes a great deal ofATP

The expenment was conducted to mvestigate response of AcaCia salrgna plants to salImty, differem

mtrate levels and applIcatIon ofMo on nodulatIOn, mtrogen fixatIOn and growth parameters

Plant matenal

Seeds of AcaCia salrgna were germmated by Immersmg them for 5 nun m bOlhng water followed b)

placmg on wet paper m Petn dIshes and grown m green house for 4 months Then seedlmgs werE

selected for unJfOrmtty and transferred mto 25 L plastIC pots filled With rruxture of soIl taken undet

AcaCIa saligna trees m field and perlIte (1/4, VN) Plant nutnents were Imtially proVIded With half

strength Long-Ashton nutnent solutIOn (HeWitt, 1966) After two months of groWing AcaCia trees wer~

rrngated With normal Long-Ashton solutIOn The expenment mcluded 6 treatments

1 Control Without salm1ty and mtrogen (solutIOns were prepared With DDW )

2 5 mM N03 Without salm1ty

3 5 mMN03 + 2 !lmol Mo

4 100 mM NaC1 Without mtrogen

5 100 mM NaCl + 5 mM N03

6 100 mM NaCl + 5 mM N03 + 2 !lmol Mo

In 3 month after transfer first two treatments were grown on salme water (100 mM NaC 1)
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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 ofall branches were taken dunng expenment

Chemical analyses

NItrogenase actIVIty of nodules was assayed IndIrectly by gas chromatography method based on the

reductIOn of acetylene to ethylene (Bums 1967)

NItrate was determmed by reductIon to mtnte (Mc Namara et al 1971)

Nitrate reductase was determmed accordmg to Hageman and Reed (1980)

Results

Leaf expansion

The measurements ofWIdth 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 mtrogen and WIdth expansIon of the leaves was found

NodulatIon and mtrogen fixatIon were severely mhIbited under salmtty and lack of transported mtrogen to

the leaves suppressed leaf expansIOn The leaves of AcaCia salzgna trees grown wIthout mmeral

mtrogen on salIne water were for 22% more narrow than control leaves The dIfference between length

of the leaves m both free-mtrogen treatments was neglIgible

NItrate In stressed and non-stressed plants stImulated leaf (both parameters) Mo consIderably Increased

the WIdth of the leaves In non-stressed plants (21%) In sallmty stressed plants thIs dIfference was not so

pronounced The length of the leaves was practIcally not affected by Molybdenum (Table I)

Table 1 Leaf dimenSIOns as affected by dIfferent treatments

Treatments Leaf width Leaf length Leaf width Leaf length
cm cm % %

OmMNaCl
N-O 3 28±O 3 2260±19 100 100

N-I 3 65±O 1 25 81±O 3 112 114

N-1+Mo 3 97±O 2 2609±17 121 115

100 mM NaCl
N-O 256±O 1 22 16±1 1 78 98
N-I 3 73±O 1 25 13±1 4 114 111
N-1+Mo 3 87±O 3 23 31±O 7 118 112

Length of branches
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There was no sIgnIficant dIfference between trees grown Without mtrogen on dIfferent levels of sahmty (0

mM and 100 mM NaC 1) dunng 3 months after transfer of plants to bIg pots NItrogen fixatIOn at early

stages was not sufficIent for normal growth of plants

Mmeral mtrogen mcreased 4-fold length of branches and m combmatIOn With Mo 5-fold compared With

control m non-stressed plants

Sal1illty m all the treatments was a lImItmg factor and plants grew slower compared wIth the same

treatments Without addIng NaC 1 100 mM NaC1 mhlbited for 90% branches length and lack of mtrate

only 26% The best results were obtamed on the level With addmg mtrate supplemented With Mo Mo was

more efficIent under saline conwtIOns and mcreased 30% growth of branches, whIle m non-stressed

Figure 1 Branches length
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AlternatIOn OfSalIIDty m 3 months led to strong decrease of the growth of branches (FIg 1)

Total bIOmass production

The total bIOmass productIOn per pot m non-salIne treatments was found to be 26% more With N03

added m nutnent solutIOn and 56% more With N03 supplemented With Mo
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100 mM NaC I applted from the early stages ofAcacIa plants had detnmental effect on growth rate The

bIOmass of Sallllity stressed plants grown Without rmneral mtrogen m the medIa was almost 90% less than

Figure 1
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that observed m control

NodulatIOn and mtrogen fixatIon were completely mmbited by combmatIOn ofN03 and salt 5 mM N03

was not sufficIent for developed trees As a result, total blOmass of stressed N03-grown plants was about

30% less than that m control Mo practIcally dId not mcrease the total blOmass under salme conrntIons In

early stages when mtrate was not llffiltmg factor effect of molybdenum was more pronounced AlternatIOn

of salmity sIgmficantly decreased bIOmass production The total bIOmass of plants grown With 5 mM N03

on alternatIve salImty and on salme water was found to be practIcally the same (30% less than control)

On the contrary, the plants grown Without mmeral mtrogen m the medIa were affected by salt stress and

decreased total bIomass productlOn more than 60% (FIg 2)

Root shoot ratio

The results mdicate that sahne water With addmg N03 had detnmental effect on formatIon of shoots

Root growth was less affected by Sallllity The plants grown on fresh water and the plants grown under

alternative salme condItIOns had the same blOmass of roots (the ratIO root shoot 0,26 and 0,47) Tms IS

typICal response of non-halophytes to salmIty (M Nabtl 1995) The plants grown under alternatIVe salme

condItIOns Without mtrate m the growth medmm formed relatIvely small root system (022) to compare

With control treatment (0 26) Mo relatIvely mcreased blOmass productIon of roots under salme and non­

saltne condItions (Table 2)

Table 2 root shoot ratio
Treatment - N03 +N03 N03+Mo
-NaCl o26±O 06 026 ± 005 034 ± 004
+ NaCI 034 ± 0 1 o23± 0 03 029 ± 0 03
Alternatmg 022 ± 03 o47± 004 -
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Nodulation

Root nodules were found In all treatments except treatments With cOmbInatIOn of sahmty and rutrate The

color ofthe nodules was brown and InsIde tIssue reddIsh In all the treatments wIthout rutrate In the media

and shght reddIsh m the treatments With proVIded N03

NItrate mhIbited nodulatIOn of the AcaCia sallgna plants grown on fresh water for about 75% whlle Mo

consIderably stImulated the nodule formatIon In treatments With mtrate apphed (FIg 3) NaCl whIch was

apphed at early stages severely InhIbIted nodules formatIOn (about 90%) In case of alternatIon of fresh

and salme water bIomass ofnodules was only 40% less than that In the control

Figure 3 Nodule productlol
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Nitrogen fnatlOn activity

The maxImum mtrogen fixatIon actIVIty was observed In the control NItrate dramatIcally decreased the

rate ofmtrogen fixatIon ofAcacia sallgna nodules (90%) The decrease can be probably attnbuted to the

formatIon of nytrosylleghemoglobIn WIth mtnc made NItnc OXIde, readIly produced from mtnte In cell

has already been Identmed as the mam product synthesIZed VIa mtrate reductase In soybean (Dean and

Harper 1986) The affimty of leghemoglobIn for mtnc OXIde may be much hIgher than that for oxygen

(Kanayama, Yamamoto 1990)

Saluuty applIed at early stages and alternatIve Sallllity severely mhtbIted mtrogen fixatIon actIVIty

estImated by means ofacetylene test (80%) Mo dId not stImulated relatIve mtrogen fixatIOn rate(Flg 3)

In VIVO NR activity

It has been found that NR actIVIty In secondary roots conSIderably exceeded that In pnmary roots

developed at earlIer stages of plant growth (FIg 4) Therefore, as far as secondary root system developed

only after several months of growmg, proportIOn of mtrate reduced In shoots was greatly dependent on

age of plants The plants grown on salme and fresh water wIthout mtrate had neghgtble NR-actIVIty In

roots and leaves close to detectIOn hmtt NItrate-grown non-stressed plants had NR actIVIty In roots 4

fold hIgher compared to shoots SalImty decreased part of mtrate reduced In roots m favor to shoots Mo

stImulated actIVIty of NR and sIgmficantly Increased the amount of mtrate reduced In roots ThIs effect

Fig. 4. NOJ- concentratIon and NR actIVIty In VIVO
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was more pronounced under sahmty stress comhtlons Leaf NR was not affected by sahruty, but greatly

dependent on mtrate content m tlssue (Flg 4) On the contrary, root NR reduced dramatlcally after addmg

NaCI

The maxnnum rutrate concentratlOn m blades of the plants grown under sallntty stress With addmg 5 roM

N03 was 17-fold less than that m roots In the plants grown on fresh water thts dlfference was even

more pronounced (60-70 fold) Thus, sahruty stress stunulated rutrate transport to shoots (Flg 5)

The measurements were taken before ImgatlOn and after 7 hours Nitrate reductase m treatments Without

addltlon of N03 was not changed and With addltlon of mtrate mcreased up to 6-7 fold on the levels

Without apphed salt and 2-3 fold With apphed salt (Flg 4)

Nodule NR actlVlty had dtfferent pattern Nltrate and supplemented Mo dtd not mcrease NR-actlVlty m

nodules On the contrary, saltruty stunulated NR actlVlty m nodules (Flg 4)

ChlorophyU

Total total chlorophyll concentratlOn m early stages was not affected by Sallruty The plants grown

Without mtrate supply on salme and fresh water hadthe same concentratlOn of total chlorophyll On the

other hand, mtrate conslderably stlmulated accumulatlon of chlorophyll m leaf tlssue The plants under
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Figure 5: NR ill VIVO and N03 ill blades of acacia
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sahruty stress grew slower and were not luruted m rutrogen Moreover, the concentratIon of total

chlorophyll mcreased for 20% by sahruty when plants were grown on rutrate

The ratIo between chlorophyll a and chlorophyll b was changed slgruficantly after 8 months of plant

grOWIng compared to 5 months-old plants NItrate and sahruty reduced 40-70% chlorophyll b content m

leaves and mcreased 1 5-2-fold chlorophyll a content Chlorophyll b content m the plants grown Without

rutrate on fresh water dId not changed and chlorophyll a Increased about 2-fold The proportIon between

chlorophyll b and a m the plants supplted WIth rutrate was 1 5-2 In August and 6-7 m October It IS

probable that chlorophyll b content was related to rutrate transported to the leaves and converted there

mto orgaruc form (FIg 6)

Orgamc Dltrogen

Orgaruc rutrogen concentration m leaves practIcally was not changed m all the treatments free of rutrate

SupplIed 5 mM rutrate Increased It not more than 10% The hIghest orgaruc rutrogen was found m the

leaves of the plants grown on fresh (more then 35%) and salIne (31 %) water With supplemented to rutrate

Mo

,\
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Figure 6: Chlorophyll

August (left) and October (nght)
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The same tendency was found m roots NItrate and Mo practIcally dId not mcreased the concentratIOn of

orgaruc rutrogen m the roots of the plants grown on fresh water and alternatlOn of Sallruty The difference

between the treatments was more pronounced m the roots of the plants grown under salme stress The

plants With rutrate-free medIUm contamed 20% less orgaruc rutrogen m roots than control plants NItrate

led to 20% mcrease and supplemented Mo more than 80 % mcrease m accumulatIOn of orgaruc rntrogen

m roots ofacaCia trees under sa1mlty conmtlOns

Orgaruc rutrogen of nodules was almost tWice higher than m leaf tIssue All non-salme treatments led to

practIcally the same amount of orgaruc mtrogen m nodules Nodules of the plants grown on salme water

had the lowest level of orgaruc rntrogen (20% less to compare wIth control)
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Figure 7 Orgamc nitrogen and mtrate
distribution In different parts of acacia
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ConclusIOns

1 Sahruty (100 mM) severely mlubited moculatiOn (90% less) ofAcacza sabgna roots WIth Rlusobmrn

stram and decreased for about 75% mtrogen fixatiOn actIVIty

2 NItrate led to less detnmental effect on nodule formatiOn (for about 75%) but practIcally completel)'

mhIbIted rutrogenase actIVIty (90%)

3 The plants m the treatment WIth combmatIOn mtrate and SallIDty dId not form nodules

4 NItrate reductase actIVIty was less sensItIve to sahmty than rutrogenase

5 2 !lmol Mo stImulated the growth ofplants on sahne and fresh water Orgamc mtrogen content wa'

the hIghest m both treatments

6 AcacIa reduces almost all mtrate m the roots, the content of mtrate m leaves IS neghgIble
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Sudies of AcacIa plants under hydroponic conditions
E E Savidova and S. H LIpS

BlOstress Research Laboratory

AcacIa salzgna plants were transferred to 100 L tanks 2 month after plantIng, at which tIme plants

were 15 cm heIght NItrogen was applIed to nutnent solutIons at concentratlOns of 1 mM N03, 5

mM N03 and 5 mM N03 + 2 !lmol Mo These nutnents were added InItIally to 1/2 strength Long­

Ashton nutnent solutIon at full strength after 2 months The solutIons were changed once a week

and the pH was adjusted daIly

The first measurement ofNR-actIvlty 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 httle In the younger

part of roots NR-activity of the mature root segments wIth tIny secondary roots (1-2 mm) was

50% hIgher In plants grown wIth 1 mM N03, 100% higher In plants wIth 5 mM N03 and 130%

In plants grown In the presence of 5mM N03+Mo, as compared with the younger root sectIons

NR-activity In leaf veInS was consIderably less compared to that In blades 65% less In plants

grown WIth 1 mM nItrate, 35% WIth 5 mM and 40% WIth 5 mM + 2 !lmol Mo The leaves

reached maXImum NR actIVity at this growth stage Leafblades were the major sites for nItrate

reductlOn before the begInnIng of secondary roots formatIon Mo Increased SignIficantly

NRactivity In the mature root parts as well as In vems and In blades NR-actIvlty of the young

root sectlOns was less senSItIve to Mo supplementatIon (FIg 1 )

5mM+Mo1mM
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Figure 1: NR-actIVity lD different parts

as affected by mtrate level and Mo
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2 The next measurements were taken after 1 month, when plants formed small secondary roots

(2-3 cm WIth 1 mM N03, 3-4 cm In 5 mM N03 and 5 mM N03 +2 !lmol Mo) Nitrate
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cell multlphcatIOn takes place and the regIOn of elongatIon and dIfferentiatIOn where cell

dIvIsIon contmues to a lesser extent Probably above 2 cm there was a begmnmg of the

maturatIOn zone where uptake and NR-activity consIderably mcreased (FIg 3)

2 The aim of the next expenment was to determme NR-activity and dIstnbutIOn of N03 In root

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

Figure 3: N03- concentratIon m

different root zones
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3 5 mM N03 There was the same tendency as m preVIOUS expenment - NR-activity m

pnmary roots reached maximum m 4-6 cm segments and was steady m all the segments Up

to 10 cm NR-activity of segments 0-2 cm practIcally dId not change withm 2 month penod

On the contrary NR-activity m the blades reduced 30% dunng the first month and 55%

dunng the second one It was hmited by poor mtrate supply to the leaves (mtrate

concentratIOn m blades reduced more than 4 -fold) (FIg 4)

4 NItrate supplemented by addmg Mo dId not lead to a better growth of branches On the

contrary the lack of mtrate m the treatment 1 mM N03 declIned growth of branches more than

tWIce (FIg 5)
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Figure 4: NR-actlVlty and N03- m different parts

of the Acacia plants grown WIth 5 roM 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 0 Nyabundl and P 0 Aylecho

INTRODUCTION

One of the major problems facmg the world today IS that offeedmg the ever mcreasmg

populatlOn from hnnted arable land The long-term solutlOn to tills problem lIes m

explOltatlOn of under-utIhzed agnculturally margmal areas And and semI-and lands

(ASAL) compnse a large portlOn of such reglOns Worthmgton (1976) estImated that

ASAL forms 60% ofthe world' s land surface In Kenya ASAL covers over 83 % of

the landmass wruch IS home for 20% of the populatIon and 50% of the lIvestock

(Braun and MungaI, 1981) Agncultural utlllZatlOn of tropICal ASAL IS lImIted not

only by the low annual ramfall, but also by ItS lughly erratIc and often excessively

mtensive pattern alongsIde all-year condItIons oflugh evapotransplratlOn rates North­

Western Kenya, m partIcular, receIves a mean annuall raInfall below 200 mm wluch IS

charactenstIcally concentrated over unpredIctable short penods gIvmg a grOWing

penod of 1 - 29 days a year (F A 0, 1993) Under such conditlOns even the fastest

matunng annual crop species/vaneties would not yIeld a sigruficant crop m an average

year Even though trees are generally more reSIstant to drought, by Virtue of their

deep roots, theIr growth IS greatly ImpaIred dunng these long dry penods In the

absence ofall out ImgatlOn wluch may be an expensIve/uneConomIc undertakmg, short

term locahsed optIons mclude use of drought tolerant speCIes,water harvestmg

techmques and supplementa1lmganon usmg ground water

Use of runoff harvestmg m agnculture dates back to 4000 years m the Negev

(Evenan, et ai, 1971) In North-Western Kenya nmoff farmmg was already bemg

used to grow sorghum by the Turkana people m 1952 (Fallon, 1963) It has also

shown promIsmg results m KItuI and Barmgo dIstncts of Kenya (Thomas et ai, 1989)

The Importance of runoff harvestmg m many ASAL's stems from the fact that runoff

events are common m these regIons, as eVidenced by upsurge of many mterrmttent

nvers Slgmficantly runoff may come eIther as a result of drrect rams m an area or as

surface raInwater flowmg m from dIstant places Whatever the source, the mfrequent

and erratIc raInfall m tropICal ASAL can never ensure contmued proVisIon of runoff
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water throughout anyone year nor every year Tlus calls for supplementary Imgation

to cover the dry penods/years and thus enable the annual crops grow to matunty wlule

also reducmg growth and productIVity checks on tree crops Unfortunately ground

water available m most ASAL's IS usually brackish thus posmg specIal rrngatiOn and/or

envrronmental problems Nevertheless, It IS conceIvable that the occasiOnal bIg floods,

when harvested, should assIst to leach the salts out ofthe mam rootmg zones

Tms expenment was conducted m and North-Western Kenya to study the lffipaet of

runoff harvestmg and supplemental ImgatlOn on growth and some physiOlogical traIts

of AcacIa salrgna.a fast growmg tree legume that has been found to perform well m

desert regions of Western AustralIa (Crompton, 1992), North AfrIca (TIedeman and

Johnson, 1992) and Negev (Degen et ai, 1995) Two morphotypes of the specIes were

used

MATERIALS AND METHODS

The expenments were conducted at Kakuma m the and Turkana distnet of Kenya

The SIte had deep soIl (> 3 m ),Ideal for soIl water storage and was located on an

estabhshed runoff path Runoff water was collected mto a llffian water harvestmg

system The system compnsed basm-hke fields (hmans) mto wmch water was led by

means of dykes and channels The Liman floor lay 40 cm below the surroundmg

ground thereby ensunng that upto 40 cm of runoff water was collected at anyone

floodmg episode Water ponded m the hmans mfiltrated mto the soIl, save for

evaporatIve losses, and was thus avaIlable for crop/tree growth

The field was laId out as a completely randoffilsed block deSIgn m wmch each mam

ltman (block) was diVided mto SIX smaller llffians (plots) each measunng 10 m x 40 m

The treatments conSIsted of 2 A sabgna morphotypes dIstmguished as broad leaved

(Ml) and narrow leaved (M2) The broad leaved type also had dark green leaves and

greytsh-green stem The narrow leaved type conversely had bnght green leaves,

pmkish-brown stems and they branched more prommently to form dense bushy

canopIes The second set of treatments compnsed 3 Imgation categones namely

(1) Imgatton With runoffwater only

(n) plus supplemental fresh water

(111) plus supplemental brackish water
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The plots on supplemental rrngatIOn treatments normally receIved 40 cm of Imgation

per month but this was occasIOnally vaned to accomodate the flood epIsodes

Charactenstics of the Imgatlon waters are shown ill Table 1

Table 1 QualIty of water used for supplementallrngatlOn at Kakuma

Property Brackish Fresh

pR (H2O) 73 65

EcwdS/m25 C 3 15 03

Na (meqll) 187 1 13

K meqll) 1 53 092

Ca (meqll) 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

OR (meqll) tr tr

C03 (meq/l) tr tr

RC03 (meqll) 118 34

CI (meq/l) 1865 05

S04 (meq/l) 362 024

Sum amons 3407 414

RSC 1071 256

SAR 2533 1 74

SAR [ad]] 44 33 453

PI 2791 10804

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 Imgation only In
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fact the lmgatlon treatments were started In June 1997 followmg a very dry penod

durmg winch the plants had not receIved any water for over SIX months

The folloWIng parameters were measured before begmnmg of the Imgated treatments

In June 1997 and agam In the followmg September after a floodIng and a number of

ImgatlOn episodes

(1) Stomatal coductance

(n) TranSpIratIon

(ill) Leafwater potentIal

(IV)Vapour pressure deficIt (VPD)

(v)Tree growth In terms ofelongatlOn of new shoots and mcrease In stem grrth These

measurements were taken every week throughout the growmg penod

Stomatal conductance and tranSpIratlOn were measured on the mIddle 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 porameter (LI-COR, LI­

1600) was used The porameter also measured leaf temperature,arr temperature and

atmosphenc relatIve hUmIdIty from winch VPD was calculated Leaf water potentIal

was measrured USIng the pressure bomb method (Scholander et a11965) on the same

type of leaves as those used for porameter measurements To morutor tree

growth,stem girth at 20 cm from ground level was measured at regular mtervals At

the same tIme, growth In length ofnewly formed stem buds was morutored

rita
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RESULTS

The data presented here are representatIve of extremely dry penod (June, 6 1997) and

a well watered Imgated 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 ttrne when the plants had receIved 254 mm of runoff

Iramfall dunng July In addItIon, the supplemental ImgatlOn treatments had receIved

1600 mm from four ImgatIOn episodes,one each In June and July and two In August

The shorter ImgatIOn Interval In August was deemed necessary, for expenmental

purposes, to recharge bracktsh water back Into the profile of the respectIve treatments

follOWIng the flood In July

Under the Kakuma condItIOns, diUrnal trend of stomatal conductance and transpIratIOn

ofA sabgna peaked between 9 00 and 1000 a m In both hIghly stressed (FIg 1) and

better watered plants (FIg 2) then decreased towards rntdday Both parameters

assumed comparatIvely very low values In plants expenencmg exreme drought (FIg 1)

compared to the well watered plants (FIg 2) For example,whtle well watered plants

of the broad leaved type exhtbited peak stomatal conductance above 25 cm Is, the

peak for hIghly stressed plants of the same morphotype was only 0 7 cm/s In the

mormng, the highly stressed plants (FIg 1) exhtbited a rapId nse to the peak In both

parameters followed by an almost equally preCIpItous drop leadmg to total stomatal

closure around rntddday The better watered plants showed an almost equally rapId

Increase In stomatal conductance and transpIratIOn In the mormng but the fall from the

peak was much more gradual In fact,whIle the highly stressed plants closed theIr

stomata around rntdday (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 hIghly stressed plants It was, however, observed that the hIghly stressed

plants exhtbited a distInct afternoon recovery In 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 siffillar between the two

days (Fig 3) There was also a distInct synchrony between stomatal conductance and

transpiratIOn In 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 In the better watered plants (Fig 2) and the transpiratIon rate remaIned
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near peak most of the day so that even though stomatal conductance had got back to

the mormng levels by 1730 Hours, transprratlon stIll remamed way above the mormng

levels

Whereas Figures 1 and 2 compare plants under almost two extreme watenng

conditIOns, the data shown In FIgure 2 In Itself draws a companson between runoff

only and the use of supplemental rrngatlon even over short duratIon of drought It IS

clear that even WIth less than two months of drought, supplemental rrngatlon created a

dIstInct advantage In terms of stomatal conductance and transprratIOn but there was no

statIstIcally slgmficant dIfference between plants lmgated With fresh water and those

lmgated WIth brackIsh water even though the former generally had hIgher numencal

values

Between the morphotypes, there was no slgruficant dtfference In terms of stomatal

conductance and transpiratIon dunng the penod of extreme drought (FIg 1)although

the broad type generally had numencally hIgher values Sumlar trend was observed for

stomatal conductance dunng the better watered penod (FIg 2a) In all the lmgatlon

treatments The broad leaved type, however, had a sIgruficantly hIgher transprratIOn

rate than the narrow leaved type In the treatments whIch receIved supplemental

ImgatIOn (FIg 2b)

DIUrnal trends In leaf water potentIal exhIbited slmtlar trends dunng both the very dry

penod (FIg 3a) and the better watered penod (FIg 3b) In both cases there was a

dIstInct mIdday low penod followed by partial afternoon recovery The narrow leaved

morphotype generally had lower leafwater potential, slgmficantly so dunng the mIdday

low penods Notably there was httle dIfference In water potentIal between the very

dry penod (Fig 4a) and the better watered penod (Fig 4b) No dIfference In water

potentIal was detected between brackIsh and fresh water lmgatlon treatments There

was a close but Inverse relatIOnshIp between VPD and leaf water potentIal, as the VPD

Increased (FIg 4) leafwater potentIal decrea~ed and VIce versa

Both shoot elongatIon rate and stem grrth growth rate (Fig 5) showed a sIgmficant

Increase WIth Introduction of runofflrrngatIOn After the low growth penods upto

June,the plants pIcked up follOWIng the runoff/rrngton In June/July Once agaIn there

was no sIgmficant difference In growth rate between the plants whIch received fresh



ElongatIon Rate ofNew Shoot

4

3
a
u

2

1

0

9/6 16/6 23/6 30/6 7/7 14/7 21/7

Date of 1997

Cummulatlve Shoot ElongatIon

20

15

a 10u

5

0

9/6 16/6 23/6 30/6 7/7 14/7 21/7

Date of 1997

I~Braod Leaf I1-Narrow Leaf I

FIg 5 Shoot elongatIOn rate (above) and CummulatIve shoot elongatIOn (below)
throughout the year of 1997 m Kakuma, Kenya



52

water compared to those that were rrngated wIth bracktsh water but the broad leaved

type had higher growth rate

DISCUSSION

The ments of runoff rrngation together wIth supplemental rrngation m enhancmg

growth and a number of specrlic phYSIOlogical attnbutes ofA sallgna have been well

demostrated m this study Benefits of water avatlabdity m enhancmg plant growth and

productlVIty are m no doubt Kramer (1983) noted that on a global scale water stress

reduces plant growth and yIeld more than all other stress factors combmed HSIao

(1973) observed that water stress affects almost all phYSIOlogical aspects hnked to

plant growth With expansIve growth appearmg the more sensItIve InhibItIon of

expansIve growth per se by water stress has been consIdered m terms of turgor

reductIon (HSIao, 1973) Increasmgly, however, expenmental eVIdence mdIcate that

while expansIve growth appears to depend on haVIng some rntnlmum turgor pressure,

the relatIOnship IS complex dependIng on age of the tIssue and ItS stress history

(Kramer, 1983) Mtchelena and Boyer (1982), for example,reported that WIthholdmg
I

of water from growth chamber grown matZe plants mhibited leaf elongatIon even

though there was no correspondmg decrease In turgor Von Volkenburgh and Boyer

(1985) reported results which mdicated that reductIon In expansIve growth ansmg

from water stress may be better explamed m terms of decrease m cell wall extenSIbIlIty

rather than turgor

In this study we found that A sabgna plants grOWing under highly droughted

condItIons exhibIted low growth rate which was rapIdly alleViated by applIcatIOn of

water Nevertheless water potentIal data taken dunng the penod of high sod water

defiCIts dId not dIffer sIgnIficantly from those taken dunng the better watered penods

Whtle leaf water potential remams a useful thermodynamtc state IndIcator of plant

water status, ItS relatIOnship to plant growth under field condItIOns IS commonly

tenuous Nyabundl (1985),for example, found a 60% decrease m 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 gIvmg plants opportumty 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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subJectmg the plant tIssue to exceSSIve dehydratIon whIch may cause lethal

physiologlcal dIsorders The emergmg 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 IS hIghly dependent on atmosphenc evaporatIve demand whIch may also

mfluence stomatal movements Vapour pressure deficIt IS a good mdicator of

atmosphenc evaporatIve demand and our data mdicated that the trend and magmtude

of VPD were qUIte comparable durmg the two measurmg epIsodes

The possIble effect ofleaf water potentIal and VPD on stomatal movements mtroduces

the element of plant control of ItS water economy at the leaf/atmosphere mterface

Dunng the very dry penod, the A salzgna plants not only operated at very low

stomatal conductance levels but actually closed therr stomata altogether dunng the

ffildday penods when the evaporatIve demand was lughest (FIg 1 also see FIg 3a)

Tlus would be Viewed as a water savmg mechamsm mediated through atmosphenc or

soIl SIgnalS That transpIratIOn followed exactly same pattern as stomatal conductance IS

eVidence that the stomata played a ma.Jor part m control of water loss dunng thIs

penod Tills was not the case m the better watered penod where not only dId the

stomata remam largely open all day (FIg 2) but there was no dIstmct ffildday

depressIOn It seems hke the plant relaxed that SUrvIVal mechamsm when mOIsture was

aVailable possIbly for the benefit of maxmuzmg photosyntheSIS and growth The

observatIon that transpIratIOn remamed illgh almost throughout the day dunng the

better watered penod , even despIte decrease m stomatal conductance m the

afternoon,ls mdicatIon that stomatal conductance was not lIffiltmg gas exchange m the

well watered plants TranspIratIOn was therefore largely controlled by VPD the

dnvmg force for evaporatIOn Tills was further supported by the observatIon that

transprratIOn peak lagged beillnd peak stomatal conductance m the better watered

penod (FIg 2a and 2b) compared to almost total synchrony between stomatal

conductance and transpIratIon m the illghl} drougbted plants (FIg Ia and 1b) The

suggestIOn here IS that willIe stomata opened m the mommg m response to lIght and

peaked around 900-930 Hours, transprratIOn only peaked around ffildday (11 30­

12 00 Hours) when mCldent radIant flux denSIty and consequently air temperature and

VPD approached theIr peak dIUrnal values As a fast grOWing desert plant It appears

adaptively strateglc that A sabgna would ffi1illffi1ze water loss dunng dry penods wlule
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takmg advantage of the short well watered epIsodes to maXlIllize bIomass

accumulatIon The broad leaved morphotype had faster growth rate which may be

related to Its hIgher gas exchange rates Although C02 exchange rates were not

determmed m thIs study the higher transprratIOn rates, when well watered, would

suggest that the broad leaf could conceIvably also have hIgher rate of exchange of C02

as well although some non-stomatal factors could also be at play For example It has

already been mentIoned that the broad leaf had amore open canopy whIch could Itself

cause higher productIVity by exposmg a larger canopy leaf area to dIrect radIatIOn

Smce growth of A sallgna was not affected by use of brackish water, that practIce

may be consIdered for recommendatIOn although longer term study IS necessary to

morutor effects of brackish water on soll phYSICal and cheffilcal attnbutes alongsIde

actual salt accumulatIon In the SOlI profile
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Summary

Withm the framework of project Cll-l33 "Coordmated use of margmal water

resources m and areas " we carned out field tnals m Kenya and m Israel and the

phySlOlogiCal response to brackIsh water was studIed m pot tnals m Israel We used

Acacia sahgna a legummous multIple purpose fast growmg shrub m all our tnals In

Israel we carned out controlled field tnals m wmch the mteractions between wmter

runoff, two levels of salimty and two ImgatlOn frequencIes were studIed BrackIsh

water (EC= 6 dSm I)was obtained by addmg NaCI to the fresh water Cross sectlOnal

area was momtored as an mdicator of blOmass productlOn The latter was always

posItively affected by the apphcatlOn of runoff No effect of brackIsh ImgatIon was

eVIdent for the two ImgatIon frequency treatments We added two well-watered

treatments (fresh and brackIsh) for comparIson and It these treatments we found a

sIgmficant difference between fresh and brackIsh treatments The relatIon between

Predawn leaf water potential (whIch was used for Imgation scheduhng) and total

amount of water m the sOlI was affected by salt additlOn, mdicatmg that the osmotic

effect m the root zone may be of Importance under field conditlOns

The addItIon of NaCI to the ImgatlOn water decreased the hydrauhc conductIvIty of

the soll surface layer The conductIvIty mcreased after floodmg but not to the level It

had pnor to apphcatlOn of the salt The level whIch It regamed after floodmg after the

second lmgation year was lower than for the previOUS year mdicatmg that prolonged

ImgatlOn wIth brackIsh water w111 IrreversIbly damage the hydrauhc propertIes of the

soll The area affected by salts was hmited to the wetted area close to the trunks but

the overall percolatiOn of runoff water (floodmg of the whole plot) proceeded at

essentIally the same rate for all plots Salt concentratIon was also momtored m the soll

profile to a depth of 1 m and at three dIstances from the row Samples were obtamed

pnor to and ImmedIately after floodmg Electncal conductIvIty and the concentratiOn

ofCa, Mg and Na were determmed In all treatments lITIgated wIth brackIsh water the

mghest concentratiOns were found close to the tree rows Floodmg leached the salt to

deeper honzons

In the Turkana area m Kenya the tnal was carned out wIth natural brackIsh water

pumped from a shallow acqUlfer Some selected phySiOlogIcal parameters were

momtored and It appears that mId-day stomatal closure IS an Important water

conservatIon strategy of the shrub studIed ImgatiOn changed the observed pattern and
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no mId-day depressiOn was observed TranspIratiOn measurements mdicated that IS

regulated by stomatal aperture dunng the drought penods and by vapour pressure

deficIt when water IS avaIlable m 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 salImty

can be offset, In pot tnals, by the addItIon of mtrogen fertIlIzer (as mtrate) Both

salImty and mtrate addItIon reduced nodulatiOn The addItIon of Molybdenum

together With NItrate reduced even further the negatIve Impacts of salImty m the pot

grown shrubs ThIs effect was not observed when the tnal was carned out In

hydropomc condltlons

The results of the tnals carned out In the varIOUS locatiOns bear out our mitIaI

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 IS the localIzed

apphcatiOn of brackIsh water that allows water to percolate freely mto the soIl In

between the salt-affected areas The long term accumulatiOn of salts may however

affect shrub response and It IS therefore necessary to contInue the long term

momtonng ofall the relevant vanables


