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Section I 

A. Executive summay 

Tbe T u h ~  region of Kenya exhibits aaib hat ac bpical of W S a h a r a a  A%: 
low and vay variabk pipilaticm (200-300 mm) and a anubuora iruease in 
population Tbe arcs was traditionally only d fm very low rangeland and 
new m s  arc namary in arda to ensure he livclibocd ofibc local populanon 
and that of displaced rcfugoes from t k  rrcighboring countria. A good example of h s  
situatiocl is exemplified by he Kduma Refugee Camp in T d a q  wiQ eighty 
thourand inmates. The estimated daily coosumprim of f i i  is 80 ton ( I  p a  
day p a  inmate). It is obvious that in arda Lo ma!  his demand, m a s s i ~  n u  felling 
sctivitics arc namary, in w k  wake dcsatifiication will s p c s d  h is clear that in 
ardcr to Jdve this p d e m  an innovative tppmach bssal on localk abailabk snnus 
iP essential. Resultsofthe AlDlCDR program CII-133 (he  fus~ sage ofchc current 
projm) confirmed tha! it is posiblc to u s  mKwa(a ICI cultivate multipurpaoc f a  
growing bus (MPSGT) in arid zmes, and supplement t k  somaimes d c  run& 
events by irrigating with locally availabk brsLirh ma. 'lhcsc c o ~ ~ l u s i m  am b a d  
on the rCslllp obtained in fikd trials d poc expaimm~ studying chc biomass of 
Acmiasalimu, a leguminous h. In m d a  to be abk to impl-t &is technique on a 
wide scale furher resarrch is m x s a q  on he following kc). luues- 

. . 
1. --- 

fcrlilizanm may emun scadling survival and de~lopmcnt d&g thC 
early growth stages d new futilizatim m h c s  wi l l  bc t d  

11. Rate of rr-prrswh id&- Trre lapping or felling is in 
ordatopoduxhe~ccesuryf irn*oodWi&intbkphascof ibcim)ea 
wc study he cTT& felling height above t k  grcund a 1- h b r  on 
shoo tmgrodandwatawe .  

111. R D o l r k v e - - h e c T T e c u t h s l h e ~ u o c o f k a c h t b  
wata a n d i b r s l e o f a p p l ~ ~ m a y h a ~ o n h e & v d o p m c o t  ofibc 
above (shoot) d bclow (ma) panr of he h ac being o a l d  

IV. ln~e~cmming -The pmdbiliry of i-ng b he trots in ibc 
aflamrlh of runoff event arc being nu&ed, in view of ibc fu r  tha! chc 
~ovis ion ofgrain is m d l  a caitical iauc in his arca 

During h e  penod c o d  by this rcpar ibc following sctibitia war cPriod aa: 
tr&s~pruacd1~13diKrr0lbcighc~drandirrigatim~aithMaan 
w t a  qualities war mdinucd Above and below ground developma pmam of A 
d i g m  arc k a g  m o l u t d  as d l  m ibc relevan! Bnllery soiL ~~c md 
physiological mnditions. 
Dr. Ephnth fmm BGU 03 Rof. Nyabundi 6om M s s n a  Univarity biciml T m  
cxanioad lhe s i b  of he field triRls, di.5usd plot amIIgwmu d l c d u l d  
m. Prof. Nyabundi viailcd t k  cxperimen(al site in 1 s - d  md discussed with DR 
Miner d EphraQ t k  results o b t d  so far. 



B) RESEARCH OBJECllVES: 

T b c m a i n o b j c e t i v c i s t o ~ d i h c h c d ~ f ~ i n a r i d d d c s a c a c a s o f  
A6rica by supplemtnting cnatic runoff floods with brackish uavr imgahoq thus 
s l a b i i  tbc supply of fuelwood and faagc to k local p o p u l a h  Ths  ac t ib i acs  
will coabbute to dccreaa the risk of dcscrtifmtion, sd the basis for Nnaurd food 
d firewood production and cmeibutc to dcacare migrahon to dcpnvad raban 
slums. 

L F d l i  (wt u d  fidd trids) 
@) To tcs~ new fertilization lcchaiqucr wilb Mo, bica&amk and 

nitrogen. Previous trials wicd out in pQr shoA h a t  ihc 
additiw d Mo rcsullbd in a mmidaably diminkbed salt 
sensitivity. c n h d  biomass production and n u w i t i d  balue 
of i c a ~ .  

(c) To study the cffoa of pcleclcd mycorrhiza which stimulate 
n&t uptake by roou unda sabc d t i o n r .  Tbac df&u 
wae obsuved in a previous AIDICDR pjed 

(d) To cany out xmcning lcnr f a  d t  I O I ~  specicr of N- 
h n g  miamrganisms living in symbimis with Acdcia mm in 
a f f s c d d ~ a h d r o u g h t a f f o a c d h c i n l d a n d K c n y a  

11. RMOII(L 08mm (field in&) 

a )  Aspcu the &ca fdling (a lopping) bcigb~ above the pnd d s h b  thn 
are being imnaled with nrnoRw4(n c& hflvc on: 

I. sbootrqyowh 
11. mdevclopncnt 

b) Moaita ihc cB& that diffamt kvck of soil alinity, quality a d  q d ~  of 
wata application ha= on the hcbviolr ofAcma s n l i p  shrubs aft- loppng 
h m  a 1.5 m. height The fdlowiq k q  srpcccs will be mcaitacd~ 

I. shrmrcgrowlh 
11. h b w r d a h a a d b i o m r c r ~ c b  . . . 

111 soil moisture abarpuon panents o f k  h b s  
IV. photosynrhcsu 
V. in SIU spsrial d ttmponl distribution of roo& with IIYC aid of 

minirhizotron ryltcm 

To cvaIustc the possiiility of i- k nus in k .ftcrmah d 
runoff c m b .  Sarghum, a highly d l c  ad @st grmn crop in T d m q  wil l  be 
&msninlnop. 



I n  the following we use the subtitles and indexrng as the)- appeared la rhe Technical 
W d  Plan o f  the approved proporal. 

8 2 - 1  Suodaneatd irnatrn t 
. . rids (ISRAEL) 

I. Lowine k i p h l  bcatments 
The expenment is being c k e d  out at thc Israeli Negev Desert at  wad^ Mashash 

fann. The site is about 20 Km N d  o f  Scdc-Boqa at an elevation o f  about 350 m 
above sea level Thc p l w  a1 the sire or 0 5 ha. was planted \\irh A c a r a  sohcma in  
193 and is surrounded by walls from (hroc sides forming a kvFkd calchmtnt's harm 
(Liman). The trees were planted at four meters distanoe between rows and one mete 
wi th~n the bee row ( 2 5 0  bees ha'). The central four lma In each plot arc be~np 
measured. At the end o f  the winter, aRer a runoff e\ent and pnu ID rhe pmmny 
(during Februag 2003) soil samples from iwo representative poinlr IO thc basm \=re 
taken at 30 cm increment up to the deplh o f  210 cm for delennimng p \ i r m n c  so11 
moisture content Shree p r u ~ n g  heights (0.5, 1 and 1.5 m) and a non-pund 
utatment are being studied. Esch utatruent is replicated 3 t l m a  ~n a a m p b d ?  
randomized block des~gn. The r e - g m i h  o f  the l o w  selected shrubs w i h n  c r h  plm 
1s being monitored by carefully mapping foliage emergence and cqurvalen~ hamctn 
at 0.2 m. he~ght 

II lrngal~on lnals 
This held ulal was set-up dunng the prebtour. AID prolsl and w.c present in IIK 
lollo\\lng a bnef descnpion o f  the lo>out and the tcchn~ques usod 

Exoenmental desren Completely randomrrd block k g n  with e lc\m ucamrnn 
and three repl~catcs A der r lp l~on of the treatments 1s preoented in Table I 

[bMr I I h c n p ~ o n  o i lm~mnts .  lmgaiwn h v ?  and c n i a  

. -- 
Treameat Description Code 
Number -~ ~ 

-~ . - -- 
1 RunolT R 

- ~~ ~ . ,  

2 : RunolT and irrigated th&eafier wrth fresh wata at h g h  HFR 
' f r e q u e q  .- - - - -- - - - 

3 RunolT and ungated thendies with rresh water at low LFR 
rrequenc> 

4 ' Runoff and irrigated thereaner u i th  bradrsh wata at HBR 
h g h  froquenc) 

5 ' Runoff and i rnyed thereafla w1Lh b r d m h  water at LBR 
I low frequency 

6 / lmga~ed with fmh water at high f~equcoc? W 
7 1 1mgate.I with fresh woks & low f i w n c )  LF 
8 1 1 lrngated with bractish water m - high fquenc?. HB 
9 1 lrngated with h L s h  w-atu at low fquenc? LB 
10 Well watered uslng fresh water \bWF - 

4 4 Well w t e d  ~ s i n ~ a c k ~ s h  water \\WE 
rkscrlptlons o f  lrngallon treatments 
KunolT Flooding OIDX a )ear (dunng w n t a l  



HI& lrngatron frequent? irngalron once a week 
Low lrngatlon frequent! lrngatlon twce a month 
Well Watered Irrigation lwce a 4 

Each of tk thlq-lhree plots har an ana oC 75 m' and 1s pianted to 16 shrubs oC A 
salrgno The central four t r e a  are used for measurements and access lutzs for roil 
moisture measurements and m l n g  *tans are localed bemen  them 

mot number+ -- *Tnabnnt n u m k  
9 3 0  T9. 

Plot boundary, 

B U M  Shrub. 

Shrub Code . 
Svnple Shrub 
lor phyllode water. 
p0trnti.l 

Minirhimbw. 
access brbe 

Neutron Probe, 
Aumrs Tube 

Phyllode Fall* 
Cdkction Area 

5m 

Fig I Sckmalrc dcscnpt~on oC plat layout 

BEST AVAILABLE COPY 



Imeation volumq: The volumes o f  water to be added to each plot (urespectlw-e of 
irrigalion frequency) were &lamined as fdlows: on the day pna to he migation the 
depldion from Field Capacip H ~ S  detamined in each plot (Fig. I )  from Scutron 
probe data (to a deprh o f  1.210). and the appropriate vduma compuled Thc water 
was applied via a dnp irrigation system. A dike around each mwv o f  shrubs l imiu the 
watu  spread and minimizer the welting o f  he inter-mw a m .  
B&I&W~IU The brackish \water is artificially prepared using a concenrratcd 41 
o~lution (70 gr o f  NaCl per liter o f  fresh water). This du t lon  is injeded Into the 
imgallon system at a rate o f  5% d the fresh wala f l o~  using a proportional in~eclor 
pump (model Dl-210, Dosatmn, France, injewon rate range d 2% to 10% with an 
operating flow range o f  lU l h '  to 2.5 m'h) Thus, an e l d c  mnduu i r i v  o f 6  dS m 
IS obtained for the brackish irrigation water ( b a d  on the awuse eko-fca! 
conduclivih o f  I dS m" o f k  fresh waer from the National Wala  h 6 )  

C.mr ~ ! ! o n a I  area: Was computed from the equivalent trunk hamcer m u r s u d  at a 
height o f  20 cm above the grcund In each plot on each d the four central shrubs I Fig 
I). These measurements were carried out at b i -neU? mtenals. 
f'hhll& Collection The phyl lak fall is c d W  on all plas e r q  I C  des. 
immediately pnor to the irrigation o f  the low frequency treatment from a 4 m' area 
(Fig. I ), W a r  content ofthe f i s h  PFC was &mined on sub-samples 
Redawn and midday Phvllode Water Potential (PLWP and LWT) were m a d  
uvng a pessure chamber (ARI II Arimad , Uar Hmv,  1-1). Thc pbyllcdcs for 
p&rm mmurements werc sampled before sunrise (%ween 5:W - 6 00 houn) 
During the ananoon on he day previous to he mursuremenl, mature fully deweloped 
phyllodes were wls ted and covered wilh aluminum Toll. A total o f  99 ph!llodcs (3 
phyllodedpld) wae mvered for esb measuremen1 date On the mormu-, phyllodcs 
were cut gently, and immediately p l e d  in a cod-box. The time interval b e e n  
covering and sampling was 12 h. Mu sampling. the aluminum cover a x  rcmcwed 
and the phyl lak p l d  in a plastic bag wilh wmed paper The petiole-like extreme 
o f  he phyllode nu5 cut again with a raux blade in order to obmn a un~form cu: 
surface, pnor to its insenion into the pcssurc bomb Thc prcnurc was applied a rare 
o f 0 5  badsec The PLWP and LWP's  HE^- ruutlnel? m e a s d  cwep I I. d e t  pn,r 
to lrngation~ 

lb!h 
Dunng he first !car o f t h ~ s  p r o m  (fiRh growh )ear d shrubs planted d l ~ l n g  Rapt 
C I  1-133, ofwhlch the present projed 1s a coaunuatm) the ~IUS mere not pd and 
a &ailed assessment ofthelr response l o  ihc w a n w  weatmenu was c m d  out Thc 
ralionale for lhls approach uas that hat  ewen though more than three wears had 
elapsed since the end o f  the p n o u s  phase o f  ihc pgeci. lmgamn had not becn 
discontmucd dunng this perlod and salts had conlinucd to accumulate lo he wi! 
profile It IS reamable to w u m c  that h s  fact influenced shrub behawlour and that 11 

had to be quantified pnor to the rad~cal prunlng 
We arPcaed the production o f  bKunaa dunng he finh grouth !.ear o f  ihc shrubs bw 
monllonng the Crass Socc io~ l  Area (CSA) I n  Fig 2 ihc crolubon o f  CS4 for 
veauncnts w~lhout runom addluoo dunng the filUl growth !tar is prsented \Veil- 
watered shrubs perfamed better rn companm to all ohex treaunenls Lntd Dm o f  
he Ycar ( W Y )  I20 no changes were apparent ThcMner a llnear mrcw could be 
obsened whch uas more m d e d  for thc well-\ratered plots The slope d e c r e a d  
an= W Y  2811 



The CSA ebolution Tor lreatnlents that rece~ved an appl~cauon of run06 warn dunng 
wnter IS presented in Fig 3 The change In CSA Tor LFR, LBR, HBR and HFR 
appear to show a unsller Increment than thelr counterparts w~thout runoA&uon It 
1s however wonh noung that h e  CSA at the b e g I ~ l n g  of h s  - w-ac h&cr Tor 
he treatments lhat rece~bed ~ m t 7  when compared to the same unga tm treatments 
that d ~ d  not receive runoff dunng the ulnler A decalled stac~a~cal anah~n \uII be 
camed out 

F I ~  2 CSA dunng the fiRh growlng season Tor treatments lhat reeu\cd m? 

supplement orrunoff Bars lnd~cate one S D 

h g  3. CSA during the fiRh gro\ting sfason Tor trcatmcncs that r o c e ~ \ d  a supplement 
oirunofl: Bars lnd~catc one S D 

BESTAVAILABLE COPY 



Table I .  CSA's of Amcia saligm at rhe beginning (DOY 83) and end @OY 338) of rhe ti* 
growth year and ihe difference b m e e n  thm. Similar lenem indicare [hat h wcomsponding 
treatments are nor statimolly different (Tukev test, a = O . O l )  

I \ran 
R IHFR ILFR (HBR JLBR IHF ILF IHB ]LB !HMIFmB 

I I I I I I I I 

The increment in biomass is linearly related to the increment in CSA In Table 1 the 
increments observed during the fiRh growth year (first year of the present prqect) are 
presented The results indicate that no statistically significant differences due to the 
use of brackish water were observed for the Low Frequency treatments 
B.2.3 Pcrtilbrrion techniques flsrrcl) 

The goal of this section of the research is to determine opomum ~ o w h  
conditions for Acacra ~ l l r g c a  growing under conditions of salinity in the greenhouse 
Specifically, it is planned to test how the concentration of essential nutrients such as 
nitrogen, type of nitrogen (NO; vs NOfiH4- mixture) and mdybdenum in the 
fertilizer regime affect the ability of A. mlrg~a seedlings to tderate high levels of salt 

83 

338 

Plant e r o w h  conditions - 
Our tirst task has been to find the b e n  conditions for germinating and growing 

A. . u r l i p  in t h e  greenhouse so that a high percentage of germination and u ~ f o n n  and 

22 51 
d 

d 

healthy plant g o k h  are achieved~ 

--I435 1208763 

a) (;rrmimlicwr 
A. saligm seedlings have been germinated by immersing seeds in deionized m a t a  at 
80  T, allowing the water to c o d  and leaving the seedlings overnight b e f a c  
transferring them to moist filter paper R e v i w s  work at BlDR has proven this to be 
an effective means for germinating A. salipca seeds Initially. imbibed seeds wae 
incubated in a growth room at 24 "C under a low light intensity of 50 pE m? s.'~ 
However, only ~ W / O  germination was achieved and germination was n u  uniform. 
Uniformity of germination a s  well as percentage germination (7594 to 80%) improved 
when seeds were incubated in the greenhouse under a maximum daily light intensity 
of 1OOO pE m" s-' and temperatures ranging from 28 T during the day and 18 T at 
night. 

70 86 
bc 

bc 

h) (;rmvlh 
When seedlings exhibited a root length of about 2 cm and the fim two 

cotyledons were visible, seedlings were transferred to 25 ml plugs containing 1 - 1  2 
loess: sand- perlite (No. 2) mixture When seedlings were transferred before ~s stage 
approximately 3% of the seedlings did nor sun ive  whereas W.0 wMved  at h i s  
later stage. Seedlings were irrigated with 2010 .20  N P  K + micronuments and 
transferred t o  half-liter pots when 5 to 4 corvledons/leaflets (?) had emerged 

783 5 6 9  

55 49 
bcd 

bcd 
2433914 

58 33 
bcd 

bcd 
1586750 

61 88 
bcd 

bcd 
40462628 

54 70 
bcd 

268682946312661667567903476470605619~16231097 
bc 

38 50 
cd 

cd 

54 74 
bcd 

bcd 

I 

48 69!121 8'83 43 
bcd la ab 

'cd a b 



Howevu. gmwlh war exlnmdy non-uuform md i t  war found lhar p l w n g  thc 
dings dueclly lnto h e  balf-IIIU p& p p d y  Improved u ~ ~ f o r r m ~  ofgrmth Orr 
olher p b k m  lhar emaged war that dda cnlyledodcalku (?) cdubtced pale bSSW 
in thc in taninal  reg~onr, o h  a u p  o f  nutnmt dcr i renq In fm it \ra o b s n d  
that h e  commercial 20 20 20 fertlllzer lded Borcm and the faullna auvure has 
beem changed to Hoagland's solution 

B2-I. Slres tokraacc mecb.aisms is Aarc ia~ l l f~~na  ~ I s d L  

Hanng ovenome thc p b k m s  o f  g c r m i ~ t l o a  and p w l h  o f  A s011gna ding* a 
prcllminary experiment hm been sown to in\eaigate h o ~  A solrgna responds to 
salinity at two conccnmtions o f  Nlrogcn m he fer(l11ra rollltlon Seedlings UIII be 
grown in Hoagland's solullon until the fim full) expanded leaf aage st atueh urn 
thc plants mll be treated \nth Hoagland's solution contaimg nlha 5 m M  a lOmh( 

No, and 0 m M  a lOOmM NaCl Plants \rill be gmwn fa a f i  bu months &a 
whlcb tlme pholo5)nthcs1s wll be measured as well as \ ~ o u s  grmzb and b ~ o m a n  
m a  
B3-I K d d  tr ial set-rn 1K-.vll 

As mentioned in the Management Reporc the pl& habe to be replanled TUU b.LthCS 
o f  d i n g s  uue prepared at the Uni\,aity o f  Kisumu and w r c  p i a d  u, ApnL a 
he end ofthe rain) -n 

C) SCIENTIFIC IMPACT OF COLLABORATION: 

A Seminar about the results okained in Israel during the TW year ofthis p j r a ~  w a  
pre~entcd al he Masaro U ~ w m i I y  and srtradcd a wdc ndionc. A ban 
Masau, UNvenity wil l pursue her M. Sc. at the Blauskin Iusbtu(c. T k  toplc 
o f  her lhesls will be one of thc toplcs of h e  polca. 

D) DESCRIF'IION OF PROJECT IMPACT 
The T u r h  herdsman haw s h o d  g r d  i n  he mff cdlaung muftura 
and w u l d  like lo ectrvely d e  pmi lo he c o n s l n r m  o f  new muaurrs. 6 rapmi 
We expect that once the possibility o f  using brscksh shallow ~UI&~IIY cognha 
wilh runoff to gmw tnxs and sorghum will habe been po\m in the f ield IIK local 
population wll ~mplement h e  k h n ~ q u  The authonba o f  lbc K h a  rdulpump 
(80,INK) inmates and a great consumer of firmod and gram) would be nilling to 
~mplement the techruquc, but apparently rcgulmom lmporcd b! thc Kcman 
Govemnlenh don't allow hem to do so at h e  prrvnt stage. 
E) !3'RENGTHENING OF DEVEWPINC COUNTRY l N M O N &  

A Memorandum of u n d c r s d n g  be- M- U n i v m h  and thc ~ l r u a c l n  
Inst fa Desert Research IS gang to be ngnd in the aear fubm T b ~ s  udl 
be he dmct result o f  the cmperation bebeen lbc PI'S o f  thls p-wt 

F) FUTURE WORK: 

We will cont~nue the measurement program ar dc&uled in he proposal 



Section 11 

A) Managerial Issues: 

There are no addit~onal ~ssues to be repated 

B) Budge4 

No changes requtrcd at prcsenl 

C) Specla1 Concerns 

None 

D )  Cdlaboration, Travel, Training ud P u b l c a l k :  

Dr. Ephrath visit to Ken?,a and Rdessor Nyabunh's VIGI lo Israel ~ s r r  camed oul as 
planned 

E) Request for American Embassy Tcl Ativ or A.1 D.  %XKUS 

Thae is no requea for actions to be undulakm by eilhcr 


