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ABSTRACT

fhis studl r'las corducted an rhe Agricurture anti veterinan,Erperirrcnial Siario,. King Faisal Universilv" Al_Flassa. 
"Sil;

.\rahia. .itt.i1t1a1 lt,tlrntus *u, grn,, rr urrdcr gra"ni,,,rr"',_l ,rOlrion, ,,,ntra*splanred to rhe frerd.-crippirrg inte,sities uer* pcrlb,n"a'ioir.,n a(conir-.I), 10.40.60 and g.A% af the plant pafis w,ere reniovcd. D^.,matrer o1'ste'rs. Ieaves and totar pranti were recorded. cu. **";;.;;;capacilr' expressed as tra,spiration rate. stomatar conductarrce andtranspiration rvas estimated. \\ atr--r use efficiencr- rrro, uiro .ui.u,ur*d.Resurts srro*'ed that :-;1ancii,g biomass ,n,t"i t;gr,i 
"iipfirg ,uu,sigrrriiicartl.r' higrrer, rrhirc 

"severe 
cripprng caused substantiaireducticn in biontass.prrduction. Net phr,rtusl ntliesi:n was significantirhigher under light clipping. rvhile heavr .rlppi,,s ;.;;1,;d=l;;,#:inet pirotoslnthesis .,,h, ai sir *,"*i, air", 

-ct;ppi,rg. 
.ir"*r,_fceirdui,lance \.,iis *,-.11 affbc"ted b1. clipping ,nr""uifii frorr*r,"r.tra*spiraiion rate u'as greairv increased 

"'iit rriii,"r,--j.ii;l;g in].*.,rr.The r'varer use efficiency uncier right to mediunr cripfrng *.r1-l,i,,ri".li,l,;*r,.'

Ke-y wtrds: iltriplt:r httlimu.s , clistTting jtrteri,sii.|. iiry niit!!er. Fascxt:izotge.
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l.INTRODUCTIGN

Several studiEs demonstrated that grazing had detrimental ellect

on plant grorvth uoi Ul**uus prodrrction of manl range species

(l!'lcNaughton 1983: w;ii;t; 19irG: Senock er al" 1e91: Ivlorris and

ilr*" ,ffi.-vun*t'ti*in and Reich 1999 and Garai' er al" 1000i

Enhancing effects irave been *idel'r' correlated rvith light srazrns

intensity (McNaughtcn iq8; atd Vanderklein and Reich 1999t'

irowever seYere grazing often causes cieleterious eff-ects (lUc

i\eugli-ron i98l: Ctu.;*'''t oi" 1998 and Cara;- tt cil" 1000)

Stirnularory eff'ects oiiigf't io med.ium grazinghave been attributetl to

ti-re increase in net pt"iio=yntt"sis through changes in source-sink

relationships and raie of tissue senescence or thrcugh the effect ol

ironnotres supplied U1 
'oot' 

(McNaughton i984: Vanderhe;-det: and

Stock 1996 and Vlnclerklein and Rerch 1q99)' Alternation on

conductance f,ur," u."n ,riJ*ty ,rpo*ed tc piay a significant role in

controilingphotor-vnth.siu''.'de'grazing"l'ncreasingphotos'vntiresis
foliawing grazing ,"u''f';gl-lf,t"orte'late'li''ith the increase in storrratai

condilctance tftutlingi'Fp"int"' 1983; Wallace er al" 1984' Wallace

lgg0andKimberlyuoA-g'O*"to"1995i'Ontheotherhand'increasing
photosyntheri, una*l- gtu'i'g ":u' 

also attributed tc the increase in

mesoplryli 
"ondu"tu,l,?- 

inui."*t and Detling 1981; $iallace et a!"

1984 and Senock er al'.1991)' -,-
Salt bush Tltr:fp'tex hoiim"' L') is an important range sl'rub tti

*ortir aiid east saudl irabia (Chaudhary an,J Al-iowaid i999t. ..,.

llalinruscanbeusedintherevegetationofcieterioratedrartgeland.
particularlf in areas where \\'ater spreading is applicable or under

'imigation using center pivot (El-Qlinaibet' 199'il'

T.heobjectiveofthisstudl'\tastodetern:inetheefi-ectoi
ciipping intensities *n bio''u" production and gas ercirange capacin

(photosynth.ri* .uti, *i"*""1 conduclattce and transpiration) and

*ut"r r.. efficiencY of A' halitntts'

2. EIATERIAI,S AND MITHODS

Tlie present study rlas conilucted during the period it:tl: Stfl;

20,j0 to fuIa1. 200i oiithe Agricuiiure and velerinan' Experirttental

Station, King Faisal Uniie'sit-l' Kin::dom of Sar'rdi Arabia' Soiis :re



Tahle (1): Climatic conditions during the ment

Period
Terperaturc {"tJ Humidity Evaporation

(mm)
RainFali

(mm)
Minimum Maximunr Minimum Maxrmum

Sep.,2000 22.9 41.8 20.3 64.9 339

Oct.,2000 19 6 36.1 22.l 7,1 .9 319

Nov..2000 i3.ft 24.3 +4.t 89.0 133 16

Dcc.. 2000 8ti 21.1 27.'l 't9.7 ?8 l1.l

Jan., 2001 6.4 20.2 24.4 i4.6 138 )J.U

Feb.. 200 t 9.7 a, <La.-1 19.0 61.9 169

N{ar..200 i 15.5 31.i 15.8 6.1.6 205 4

Apr..200l 20.2 38.4 i 5.3 47.5 375

May,2001 22.4 41.7 15.2 36.2 481

-2 i--

basicall-v sandy to the depth of 45 cm. Clinratic conditions during the

experimental period were as in Table ( 1 )'

Seeds of Aftiplex halimus were sGwn in 10 cm plastic pots'

filled rvith a mixture o1'1 sand : 1 ioam in the 1't sept. 2000. on the of

l5tl'Feb.20il1. plants were transpianted into the field I m apaft and

irrigated everv tu'o weeks. Grazing (clipping). \ras done nvo weeks

atte"r transplu,iti,-,g. The clippi*g treatments were removing 0 (control.

witlio,t ciipping)-, 20, 4fJ- 60 and 80 % of foliage. A randomized

complete biock rlesign with six replicates was used. Each treatmenl

per ieplicate was represented by 6 plants' Cas exchange capacin

rreaslrrements \Yere taken on young fu1ly expanded leaves tll'tl u'eeks

after clipping for all clipping intensities, except 80 % clipping rvhere

the measurements uere done one month after clipping'

Netphotos-vrtlresis.stomatalConductance,transpirationrate
were measui"d u.ing lnfra Red Gas Analyze:r (1RGA) Ci-301 PS

(CID, INC. IJSA) portable photosynthesis apparatus' open system)'

Vl.urur.rrr.,rt periois were morning tiom 0800- i 1{J0 ii r'vhere leaves

at' A. halimus were exposed tr') a saturation photon irradiance

exseeding 1200 prnolim2;'s (Al-Khateeb, i997). Leaf temperature was

25 + 5.0 
nC. Ai, flow inio the cuvette was 350 

'rl/min. 
The boundary

layer conductance to lvater vapor was measured according to

Parkinscn (19S4) and found to tre 0'26 mmol lm2ls over the

lneasurement period. Photosynthesis gas exchange u'as lneasured in

the six piants per treatment on two leavt-s per each piad' 
"llry 

matter

rveights'*fster.rs,leavesandtotaiplantwereestimated'Wateruse
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efficienc,v (WUE) rvas calculated using the foliolr,ing formuia. \\a)E
- Pirotosy'nthesis rate/transpiration.

Data were subjected to anaiv-sis of r.ariance (ANOVA) of the
randomized compiete block design. as mentioned by Gomez and
Gomez (1984) using the statistical analysis system (SAS. 1996).

3. RESULTS

There were great dilTerences in the standing biomass of grazed
and nan-grazed plants. Total standing triomass on the light clinpin,r
plants (20 ?o) was significairtly greal-er than ri*n-ciipped plants, wirile
r.nedium clipping $A%) ll'as equai in standing biomass with non-
clipped plants. The heavr- clipping (80 9/0), horvever. was dramaticaily
lorver in standing biomass. t,ight clipping {20 %) had highll.
stimulative eftect in producing leaves, which also appeared under
medium clipping, compared to non-clipped plants. The heaviest
clipoing (8070) showed considerable production of stems and leaves
(Fig.1).

--*-stem

-*- leaf

-*-total

20% 40% 60%

Clipping intensity

Fig.(l): Means {+ sE,n:6) leafo stem and total drv rieights of .4 hrriiltu.c
unden different elipping intensities.
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There was a tendency fbr signiiicant increases ol net

photosynthesis under clioping. Light clippirig (2''] -nzt) showed

signiticantly higher net photosvnthesis particularly in the first two

*!"k, attei clipping. while a relatively' similar result was reflected

wittr 80 % ctipping intensity 6 rveeks afier clipping. The stimulation

effects of clipping shorved unciear trends after 8 u'eeks and thereafter

iFig. 2).
(tomatal conductance nas not affected two weeks alier

clipping, but stomatal conductance was slightly iucreased rvith

lrr.,=ur-;,ig clipping intensity. 'rlre significant increases in stornatal

conductaice ,i'ith in.r"asing clipping ieveis rvere much evident after

fou, *""ks i:f clipping. However, stomatal conductance in unclipped

pio"rt was highei ihan 
"tlpped 

ones. particularly 4 to 6 rveeks after

c l!pping t Fig.2).
'ilanspiration rate nas significantly diff-erent hetween clipprr:g

and non-clipping plants (F;g. 3)" 
-firere rvas a substantial increase in

transpiratior' rtirt' increasilg clipping ievels. Horvever, nc,n-ciipping

pf""rt sirov"ed the highesi transpiraticn rate, particularl,v in the
'rrr*-o;o* perioii after clipping. Transpiration rate uncJer the heaviest

clipping tA'* X; ,ras alni"rst equal to ihat recordeC in ,o,-clipped

;d;;.H-!-e was also an increase in transpiration rate rvith time in

ctipping treatrilents, "out not in contrcl plants (Fig'l)'
w;ater use efficiency was significantly higher undei light a,d

mediurrr clipping. -l-his trend rvas muci't evident two to four weeks

after clipping. There \,yere flo significant difi-erences detected in *'ater

use effilien.3, b"t*,."n ,o,-c!ipped a,d heavl' clipped plants- There

wasadecreasingtrenclofra.ateruseefficiencyrvithtime,particularl},
in clipping treatrnents iFig. 3).

4. DISCUSSION

Althoughstandingbiomassrvassubstantiallyreducedb-vhearl
ciipping. still light clipping induced stimulatory effecls otr biomass

proir.iion illusiraterJ bi ne-w lc,af growth (Fig"1). Enhancerrrent ollnet

photos,.rnthesis rate under clipping in the present 
-stud1'. 

ma'v be

attribuled to the change in sourcelsink ratio loilou'ing clipping or

detbliation. ln addition. the reduced ccmpeiiticr btriw€en th* renlaining

leaves for rvater. nurrients or ilonllLriles suppiied b1' roots ma1' also

E

I
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ptq I rolc h rlrk ryt lllcNaughton 1984, Mconey and Chiariello
193t: Trdle a aL 1993: Senock et al. 1991 and Kimberly and
Edrrd t995)- If dr irsase in photosynthesis was simply due to
strgp( io sorne+ink relatioaships, then the greatest degree of
c'hilc€ment $ould be immdiately after clipping (Kimberly and
Edrrd 1995). This fiend rx'as relatively clear in our study particularly
rro n'eeks after clippinggig-2).

Tk higher biomass production under light clipping may
reasonat[' favor an elevation in net photosynthesis under these
conditions. However, under medium clipping, biomass production
uasjust sufficient to compensate for clipping losses. The reduction in
m photosr*athesis with increasing clipping intensity particularly fwo
*'eeks after clippingmay have resulted from subcptimal conditions of
r"egetation growth due tc intense removal of apical meristems. The
cnntinuation of photosynthesis process despite the lack of vegetative

-ero*th. may results in the accumulation of assimilate from the excess
photosr'nthesis (Vander Heyden and Stock lgglt which may
contribute to the reduction of photosynthesis due to feed back
inhibition effects. On the other hand, higher photosynthesis rate under
severe ciipping conditions csuld be attributed to the tendency of
clipping to stimulate the growth of young active green leaves (Morris
and Jens€n 1998). However, higher net photosyntiresis cannot
compensate for the assimilate lost by removal of,tissue as reported by
Chaprnan et at., (1990). Evans (1991) and Hoogesteger and Karlsson
(1992). It rvas quite interesting to note and distinguish in this study
betu'een higher photosynthesis in younger regrowth and enhanced
ptrctoslnthesis in remaining parts after clipping (Nowak and Caldwell
lgt-ti. Increasing rate of photosynthesis following clipping was not
carrelated rvith stomatal conductance since the increase in rate or net
ptrotcx-rnthesis under light clipping was much higher than that
reportd in stomatal conductance (Fig.2). Thus, *'e can reasonably
trssrurr rhat the higher photosynthesis rate may probabl.v not be due to
cfiange in stomatal conductance as reported by Wallace (1990):
Senock et ol. (1991) and Kimberiy and Edward {1995), whieh is in
coiltrast nith the t-rndings of Detling and painter (19s3) and wafiace
et al. il9t4l-

Our resutts emphasize the role cf non-stomatal component in
enhancing net photosl.athesis rate. Wallace et at. {1984), Waltace
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{1990) and Senock et ctl. (iggi) attributecl the increase in
photosynthesis follo,,'ing defoliation to an insrease in mesophyll
conductance. Hole.,'er. the response of stomatal conductance to
clipping rvas stronglv corelated rvith transpiration (Fig.3). The lorver
transpiration rate was obsened under Iight clipping level. as shown b_v
Wallace (1990).

water use efrciency was higher under iight to mediurn cripping
which indicates the role of both treatments to improve water status of
clipped plants (Fig.3). Such patlern rvas aiso reported b3, caldwell er
11 t 1981) an.l N!11^rL +n,l Calrlr. -ll / loe,4 r L,,+ rlfc^-^r r.-^--- ^!u,ru L uiuviLrr \ i 7oi jt UUi Ljiiit.tgU Ifom iiiU
observations of Wallace { l g90).

our results demonstrated that clipping intensity significantll.
varied in tlieir efrects upon photosynthesis and b,iomassproduction. In
addition to the stir-nuiarorl, eiTects of light clipping oil net
photosl'nthesis. enhancement in water status and u,ater uu"1ffi.i"r"y
did occur u*der light ro medium clipping. It should be bear in mind
that the positive efl-ects of Iight to medium clipping on pliotosynthesis
occtrrred in irrigated plants of A. kalimus. Such elTbcts are not likelr,
to appear under severe arid conditions where revel of precipitation is
less than i00 mnr as in Saudi Arabia. under low levcl of precipitation
excessive accumulations of vegetation usually do not occirr. AI-
Khateeb (2003) reported that pro-per vegetation producrion did appear
iri A. hali*tus under suppiement irrigation of i00 mm.
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