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A. BLUM** and C. Y. SULLIVAN 
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ABSTRACT 

Five sorghum (Sorghum bico!or Moench) varieties were grown in soil in a growth 
chamber and submitted to two consecutive soil dr),hlg cycles separated by a 3-day 
recovery period. During each drying cycle reasurements 'ker,' made on stomatal 
pore width, leaf diffusion resistance (R), leaf water potential (yl) and soil wkater 
potential (ys). In previously stressed plants stomata sIere less sensitike to reduction 
in Yq and VI was lo%%er at agiven ys, as compared to non-preiously stressed plants. 
In non-previously stressed plants stomata responded sensitiely to an initial reduction 

in y1, but once closure %%as initiated (at yI of about - 8 bars) toniata remained 
partly closed (1/4-1/3 of maximum aperture) esen %%hen .1 dropped to - 19 bars. 
During this phase control over transpiration %kasapparently non-stomalal. 

Sorghum (Sorghum hicolor Moench) is considered a drought resistant plant, 
but information is lacking on the control o%er transpiration under %saterstress 
in this plant. 

Sorghttm stomatal actiity was in. estigated by (Io er (1959) using an air flow 
porometer. lie found sorghum stomatal activits, %,t% impaired by, a period of 

drought, but actikity %sasrestorcd quicker than in niai/e. lhrlcr and Van Hael 

(1967) observed an increased day tinme leaf difu.ion resistance it huni (to 

8 s cm- 1) when soil moisture ssas limited. lallas and 11crtrand ( 96)l.using per

cent open stomata as lit index to ,tomatal aitus%t fond that sNolltia of scxcral 

sorghum varieties heran to clo+c at a moil nmtrtrc t'rlslon ot ) b.tr, and 

closed completely at 0i 7 bars rtopn (III lll l1tnonto Slonimt al moistclto 

o lIl,,eter Xas ,was linear. By using iln) air Ilt l it Iouid I S1dli an, 1h'1, I .stin, 

Clegg and Maransille, 19(1, tha \t ,tll i -ltn lolt h.cd it .u Ic.al itc ietlal 

of about 15 bar-. lit resc0h Imloe 0, srrnhtnm and t~on it %k,,l'uItld, by. 

using a dillusion porottittcr mS.ilhci-I)!iiKrmicr. an sorhum.l 1'971 ), thait 

an abrupt Stolnittal tioste kltreil at .r At potclitill id S 5 to h h bar 

* Puihed %%illi ;I11ro1al o1la11 Ollictr a%papcr nio AM15iwiil csirs. N0,t.14j Aurp.0. 
rural L pctii ucrial statiow I Ihj Hc€',ar h %.ka,uppoi'rl It pall II, the Roi.liklict I lundatlon 

and carried out undcr an IA0) lraidh I rllo.%.hlp to % |tflm 

Prcwntly, at the Agremullutal Rcsarh (tpgrn4ulion, I he V'itblani ( (nti(, Ikt I ApII. 1U 11, 
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It was also found that for the same leaf water potential, stressed sorghum main
tained a smaller water saturation deficit than stressed corn. 

The research described below does not attempt to investigate th: nature of 
drought resistance of sorghum but rather to obtain further information on leaf 
water status and stomatal activity in response to soil moisture stress. Since sor
ghum is grown also under conditions where alternate soil drying and wetting 
occurs, this experiment included two consecutive soil drying cycles. 

MATERIALS AND MITIODS 

Five genotypes of different sorghum varieties were used: RS-610 hybrid, 1-610 

(a similar hybrid to RS-610 from seed produced in Israel), M-35-1 (an Indian 
variety found to have hiph heat tolerance (Sullis an and lium, 1971)), 1136-1 
and 1136-3. The txo latter varieties were F,, line,, from t T 7078 .:M-35-1 
cross. 

The experiments Nsere carried out in a promth chamber, 20 /25 C ni0it,'day 
tciperatures 50 t0",, rclaii\e hu: dit,,, 0.55 1y itn ri.idiant cncrj!% and a 12 h 

day. Plants \%ere ,rossl from seed in metal I'lats cltmlilng I soil. sand and 
113 pcat a nii\tuLrc here.ilter rcerred ito ",ol. heloss, a [i espermimcal design 

was a randomi/ed bhlock silh three replIlc.itiols I ai blok (tcplt'.1lion) con

sistcd of one flat. ikithin . iilt.caI1t (it the ,arietics \skat planted in one row. 

thinned to 7 X plnts I iatL iriq'.ttc olutionLscre dads 11th complotc rluirciet 

and tap sater altcrtiatcl , Ilafnt .ro th landappC.1rJ11. C s%,. is .11
 

Thirty da) s alter eali 'CiiKC Ns.sastopped and l.t dlf.lllg
CC lffcI.itilo the e)kle 
commcvtcd I otur d ,kL.tci ifrri'.tin0 %,I.\|tIC,11111d .an1d LIM MtUCd It)(Ihf¢C dd)f 

before the ncxt drlsmg, 1sle 

Liyht, , itdiced )ilat 7 tI .mn d d n s it lIcca' ctci nrurcnintl 
made daji at 10 (xi . , itl iK pimi M.tuicneini i pltaitt itr mad¢ oll 

,"3% t ,-fully Ct.p.a ded and, illu iiiii.4cd Ip te)IC i Iif1 i,,o ta, w meaurcd 

on Ih' upplit lcal wuil.ir . s Iiitnzontjl w,¢tsw,tIsanrtnj.tuIhuttell Atnl 

,t" Alrt/tor sfTanner. I (hi .iim tr ,'ut t flu l ' mad ht'm€.'i it ll C tri t in 

Vortel),tc PIs itji ti, I t to.al 4'I11 flicjlufftitt I t t %AficI) 'Lair %.*t41J~% 

Vidtsh ' ttt ii ta U 'IWi lifit1 ttlaIrt *tslh1,,dr ¢d i'i,, al, V|IItttA~l ,ktoTa 

l I~it 'ctAc jII h i t ik'iICAl fPl.4%ti, llpras (it t fi Pti Itc; Mut .t'WAI spsft 

tt t l t tal o t t V tali at t.ilI WAith ti ti i ,,,s i i l 'a I-t'11c fi u'a ,t h rh Jer 

Of ibi t A) i,tI r6Ct it) Io'W tt j* vsa- 4,i 111111d br i mat 11-h i'A t 

led I'4,Iutfcd ,.t I at difluti, ~tifcztt aoi'c I lt~ I asi,4, .* mt*f'WI , rfii ati 

i s~h~d141vfst 14 &ts1 41-t~tallutfi;t ,l 4t1tu~~t di41 tdilt ttwiki&ki. 

0f AIM. "hell oitiiirtov 44 I4*l' 9t4 ift "'izin #W,4 #11likiitil44wiscitol N~a~d 
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16 A. BLUM AND C. Y. SULLIVAN Isr. J. Bot.. 
pore width measurement is not a routine technical chore that can be readily
assigned to a technician. It requires a great deal of experience in evaluating a
good print and in the determination of the actual pore. Leaf samples (excluding
midrib) were taken with a cork borer for the measurement of leaf water potential
with a Spanner type thermo-couple psychrometer (nine samples per variety/date).
Three soil samples %%ere taken from each flat on each date for measurement of
soil water potential. Each sample was taken with a cork borer, mixed rapidly 
and two subsamples put into the psychrometers. 

R1SULTS 
Results are presented as arithmetic enans bor the i~e 'arieties. Leaf water poten
tial (Ti) decreased (became more negatise) with the decrease in soil water poten
tial (T') (Wig. I). Sorghum lc.ises muatinmed a T'l o1 about 5 hars at the higlest'P, indicating I rallher hitlli cl' ,rapm.tic tde l in this experinicnt. As ,' de
creased to below ipproxIImacl 7 h. 'I,'ll t' Is! C LeCpiaits %.1%a (mioreloer 
negatise) at a icrn 'T', th i that of 21 c' le pkiit,,
 

Maxillunti1 m ii'm apcrturc J ith h Iii
(1)hLiicd imtino a, hir u III In wcll
watered planl, pm r It) Oi 'n t lr'1 td.i t .i .Ll.e ,h(1 it ; 11( , 2 Ij,n I
dual samples fctai d ihout | t l Iitrc.lsc III radli . t llcc mjlt h i\¢fir
ther in cra d ipciwi In hiNt (ti: l.t1h %t 11.11.1 d ',cd .1hruptl k .i ,! ralnhcr 
defined 'wlItcr sdrc ,. it T' , I *, l,,t I [) , a 'i l T'n 'i , bout ISbar', M ,, cs r.
complci tl,,umc a%, n t h cr' rd 'c It', dicmhcn ,,pp diato 1 III theIp h.Irt
W(ond t.:l>c ptitn, nt ita rfenim rcd i.satI k.hod at a% ipmetuic of about I j. 

throughout the ', tany ti t)h I hat, 
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Although stomatal aperture, in relation to T1, greatly differed between first 
and second cycle plants, no differences in this respect were found in RI (compare 
Fig. 2 with Fig. 3). Furthermore, in second cycle plants, in spite of practically 
unchanged stomatal aperture in response to TI (Fig. 2), RI still increased steadily 
with decreased PI. lirespective of stomatal aperture or drying cycle, RI was 
related almost linearily to '1. 

In first cycle plants (W:ig. 4) stomatal closure to approximately 1/4-1i2 of maxi
mum aperture had only a small effect on RI. Further slight closure appeared 
to be associated with a very marked increase in R1. In second cycle plants, while 
stomata remained at an aperture of about I p, R: still increased from about 6 
to 25 s cm - I. It can therefore be seen in plants subjected to tile second drying 
cycle that %hilestoniatal pore %%idthremained at about I It during the decrease 
in 1P, and TI, control oser trantspiration (RI) %ssasstill in e idence. Varieties did 
not exhibit significant dillerences in most icasurc inents taken. 

Sorghum plants %cre stbjectced it t%%o consecutis c soil dr~ ng c)cles %ith three 

days rcco~er> per',d in hetccn Io da,, rcto0crN period was found to be 
suflicient for (ill ecoCS , i,,,i ,'hu1t1 Sitche,'-l)ia/ and Kramer,1 1971). 

,The %aittr Icl.ltins l ,ir, iim +I.w dilercd prc.il,, bct..ccn lie ts,.o dr~ing 

cycles. A major clct. o Itile it dr\my-. he on plant rclont* to stress during 

the iscond e~ilhr i \k.It \kIs .i ~ l t . cpd t , IisttnSIat(.ll, I mcl (4+p, aperture 

to chanfe in Ic.11 ".ilt slir s I Ills %,,tllfirllsh'rC"ItkIs rc ult,, III s ir'hi lI (ilo\er, 
1959) and t-thrr .rpN 0I is hcr, l'i,at .mid ll~a tim.1970)I A ,.m,d 0c(:.1 corn. 

cnecd thc ilatim hcI T,Icu .id I', A% T, tdc rcawd, l a rt+ mithetcLt)nd 

cycle fmll";rilaid ,* hiliel 11%% riryalisfl 'lTI Itit ith r i %t di> inp L)Oe. A 
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18 	 A. BLUM AND C. Y.SULLIVAN Jsr. J. Bot., 

previous drought may, therefore, apparently reduce the soil-to-leaf water poten
tial gradient developed along the recovered plant, and thus imply (Slatyer, 1967) 
increased adaptation to soil moisture stress, or a hardening effect. 

Sorghum stomata responded sensitively to an initial decrease in IP (and 'lj. 
In non-previously stressed plants stomata closure occurred at a very narrow 'P 
range, as found also in other plants (Ehlig and Gardner, 1964, Kanemasu and 
Tanner, 1969). In sorghum the abrupt stomatal aperture closure occurred at q'I1 
of about -8 bars. This is in good agreement with observations by Sanchez-Diaz 
and Kramer (1971) who found a sharp decrease in leaf diffusion resistance at a 
'IPof -8.5 to -8.8 bars. 

However, interpretation of results regarding stoinatal activity should take into 
account the method insolved - Nohether visual MIasurements are made directly 
on the stomata or an indirect method such as the di l'tnion poromctcr is em ployed. 
Taking visual aperture mea1urenments as a measure (t' apparent stomatal acti' ity, 
it was indeed observed that the abrupt stomatal closlure at 'l of S bar, occurred 
concurrently sith an abrupt increase in Ri. lloses r, below l] of 8 bars, %%hile 
stomata pore %sidth remained at tboLt I 11.RI still incrcascd appreciably %iith 
the continued dccrease ill '', and 'Ill. [his owa,most ontstandint ill preiously 
stressed plants, shcre R1 chaneed ftrom about 7 to 25 , cm-i (li . 4) shile 
stomatal apertunre ha rdl, clian, ed. I hi,,"phell.llnon,, indicated also from Stil
livan's mcasurements Stilhlta ct al.. I 96'1) ssith I dilti ion porolclter \,. air 
flow poromcter. \%htic| eal ,wit,%,& s,| rctuced tromn 2 5 to ii cmI I cm 2 , 
diffusion rc,,it,lal)LCI. hiicd cry little W ho i )Or %%.I, ftnrlher reduced by,Iit a 

increased stre.,, frkom i 5 oinil ) 2 Lill (1 11 diftt,,iin rcsi,,tanLoe changed
 
appreciabl fiorm about ' to 21 ut I
 

It appcars, theicloe that ill sorihtm under impocd ,oil moisture stres. ini.
 
tiation of .toni.itl.d tl tirel kkurs a t TI (,I .1',itit S h.fr%. anid thell ttoilla
 
eemain parly) ienm .tt 1 1111maxitmumt qipcrtmrc in| pite of Ifuther ItUbltllil In
 

(data. 
1968) anti al,, es\ i CIcI I,,|i ( .i ll, (1.t (W IWI \Ihcre (11t1ntcr rCl.|tt cl hsI 
Iljht ifll'Ilit l ,ti , i1 ,rg'h t Icat\¢s 11.t rlit itii titil 'P 

411. c€ en dt)%Nll 11) I,) bar" I1his. is %.ImJII)t0b , 1%stlft.is fINti..10i ci ail., 

) ( (), ,.ti 11s ttt 

dropped f It 1P)f b., , i Iis itI qtil it ,.c1rcc,,ictIl IAth ii. h / I )l./ aind 
K ramer (10 11 hi.,o I t It.dtoIdI,. ,I W-C I tIt, Iit e t th .a tt llltis'iI., 4- tC r, 

that 	 .wihum thrtiocst fitls .. s,k 	 it P. h..a 
qCholin r l t I ,. I r il t Ill If tcs I N %lIcV%s 1 't.ttl tsl t .fiurnij¢ tilt, 

PuInll) rolult fl|nt toh i.'tt.ial teati ,rt 	 9hhfjg . l (A.hrd.lni ihioithi, I'eci 

W O Ir64 )j ts, . jAVAl|tr, 4I, ,, 	 , 
it It ~jI llth.,t Mhal dIiat~rr in of ) Iial oittiaf4114 at 	 alvj'rfti 

UVMuIW	tjfcOin ithhpl Mt apftutI that Afir t hlIa thir %itUaI tEfi..fytot I-( use 
6th~dffitJ.~, 1oit~mitt, #I ia ptuijt4*y hit h $If oh4 'tul qtl1614 h4 
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plants differed in the relations between stomatal aperture and TP1 (Fig. 2), the 
relation between Rl and TI' was similar in both cycles (Fig. 3). This would sup
port the conclusion that in sorghum control over transpiration below the threshold 
of T1j of about -8 bars may be non-stomatal. 
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