
AGENCY FOR INTERNATIONAL DEVELOPMENT FOR AID USE ONLY 
WASHINGTON. 0. C. 20523 

BIBLIOGRAPHIC INPUT SHEET 
A. PRIMARY 

1.SUBJECT Agriculture 
CLASSI- B 

FICATION B.SECONDARY 

Cereal Crops
 
2. TITLE AND SUBTITLE 

On the pressure chamber technique for estimating leaf water potential in sorghum
 

3. AUTHOR(S) 

Blum,A.;Sullivan,C.Y. and Eastin,J.D.
 

4. DOCUMENT DATE S. NUMBER OF PAGES 6. ARC NUMBER 

April 1973 1 2p.I ARC 

7. REFERENCE ORGANIZATION NAME AND ADDRESS
 

University of Nebraska
 
Department of Agronomy
 
Lincoln,Nebraska 68503
 

8. SUPPLEMENTARY NOTES (Sponsotlng Organization, Publiahers, Availability) 

Published in Agronomy Journal, Vol.65,April 1973
 

9. ABSTRACT
 

The purpose of this work was to re-evaluate the pressure chamber technique for
 
estimating leaf water potential in sorghum [Sorghum bicolor (L.)Moench],with special
 
reference to problems associated with leaf sample crushing under pressure and pressure
 
rate increase inside the chamber. Pressure chamber readings were compared to Spanner-­
type thermocouple psychrometer readings on leave of five sorghum genotypes at several
 
stages of growth.
 

A leaf sample holder, constructed from Silicon rubber and acrcmodated into a brass
 

flange, reduced leaf crushing under pressure. It was found that pressure chamber
 
readings (xylem pressure) cannot be directly used as an estimate of leaf water
 
potential, but should be corrected according to a calibration against a thermocouple
 

psychrometer determinations of leaf water potential. Different rates of pressure
 
increase in the chamber affected the regression between xylem pressure and leaf
 

water potential. The regression improved with a greater pressure rate increase as
 
indicated by smaller error variance estimate. No differences were detected between
 
genotypes in this regression.
 

This technique is, therefore, useful if worked out according to a calibration
 
curve at a standard rate of pressure increase.
 

10. CONTROL NUMBER I1. PRICE OF DOCUMENT 

PN-AAB- K 7 f 
12. DESCRIPTORS 13. PROJECT NUMBER
 

Thermocouple Psychrometer, Xylem Pressure, Sorghum 931-17-130-575
 

bicolor, Pressure Rate Increase, Genotypes AID/CM-ta-c-1068
 

1S. TYPE OF DOCUMENT 

Research Bulletin
 
AID 590-1 (4"74) 



337 

,Reprinted from
 
AGRONOMY JOURNAL, Volume 65
 

March-April, 1973, p. 337-338
 

NorES 

ON THE PRESSURE CHAMBER TECHNIQUE her readings (xyleni pressure) call lbe used directly as 
FOR ESTIMATING LEAF WATER POTENTIAL ain estimate of leaf water potential, or whether the 

IN SORGHUM' chamber should be calibrated against thernocouleh,
psychromleter readings. 

A. 	Blum, C. Y. Sullivan, and J. D. Eastin- A pressure chanber systen as modified front War­
ing and Cleary's (7) design was built. Pressurized 

ABSTRACT nitrogen gas was supplied from a No. 3 cylinder: 
The pu e of this work was to re-evaluate the pres. through a pressure regulator (3.580), No. 96 flexible sure chamber technique for estimating leaf water po- hose, needle valve (.117-1-1505), 6" pressure gauge (63­

tential in sorghum [Sorghum bicolor (L.) Moench], with 6213), and released through o valve (3232M'I-t) con­
special reference to problems associated with leaf sample ilected to tile ciaillier. Leaf segilleits were ctl, ripped
crushing under pressure and pressure rate increase in­
side the eh:unher. Pressure chamber readings were com- off the ilidvein, and placed between two halves of a 
pared to Spanner.type thermocouple psychrometer read- No. 6 rubber stopper. It was lotind that pressure
ings on leave of five sorghum genotypes at several stages above 12 bars caused severe leaf crushing, sometimes
of growth. evinced in ninute cracks aiross the leaf sample. In 

A leaf sample holder, constructed from Silicon rubber 
and accomodated into a brass flange, reduced leaf crush- order to overcoile this drawback, a different sample 
ing under pressure. It was found that pressure chamber holder was designed (Fig. I).A brass flange acconnlo­
readings (xyleml pressure) cannot be directly used as an dated a soft silicon rubber stopper oil one side (slicedestimate of leaf water potential, but should be corrected into two halves), andl a lrass disc having a nalrrow 
ac ordiug to a calihr.ation against a tlirrmocouple psy- (2-nm) slit oil tie other side to allow the leaf sample
hrouret determinations of leaf water potential. Dif­

ferent rates of pressure increase in the chamber affected to pass throtugh. This disc (,;in be replaced by other 
the regression between xylem pressure and leaf water po- discs having a lOln( hole for the aCCOinilodhatioi Of
tential. The regression improved with a greater pressure stalks, roots, etc. 'he flange int dis:c were held in 
rate increase as indicated by smaller error variance esti. place by a threaded steel cover, tigltleted with a han­
mate. No differences were detected between genotypes 
in this regression. ile. The silicon rulher stopper was fornied by pour-

This technique is, therefore, useful if worked out ac- ing the rul)ber iinto the flange in excess, that shotil­so 
cording to a calibration curve at a standard rate of pres- iers were also formed. With this :lrrangenlent, only
sure increase. very slight pressure iarks on the leaf sample were 

Additionl hey words: Thermocouple psychrometer, observed, evell at a pressure of 21 bars. Apparently
Xylem prtssure, Sorghum bicolor L. Moench. these shotilders relieved sone of the pIrcssie oil tile

leaf sample. Field or growth chaniher grown sorghui 
T I-Fp chamber has been used for estimating plants from RS 610, Feterita, Hegari, l)warf White 

leaf water potential in umitny plant species (1, 2, 
"4,5, 6, 7). l) Ron f)1 ,'(clitlv ill cstigat,'d its use S. 
ill sorghlitl tSorghI urn1 by/ulto (L.) Moench J variety
R.S 61(0. lie concluded tiat xyleni pressure was an ANDL E 
acceptable direct estination of sorghun leaf water 
potential. In principle, tile pressure chamber method 
is based oil sealing a leaf inside a pressure chamber -COVER 
wilh its sev\ered petiole lrotruliig externally. Pres­
sure is increased inside the (hainber. \Vheln xylen,sap nienisci appear at the surface of the severed xylem -DISC 
vessels, pressure is then in estimiate of the water po­
tential of that leaf. 

\Varing and Cleary (7) pointted out two sources of H I4 i_ FLANGE 
error in pressure dhanlber nleastrenients: (i) the sanl­
pie l)relparation-They srressed that herbaceous tissue D110" RING
Inight be crushed wheln placed between two halves of 
a standard rubber stopper: alid (ii) the rate of pressure 
itncrease il ite chalnller. SILICON-

The vork reported here was done in order to evalu­
ate the plressure chalml)er techniq it in lore thai one -RUBBER 
sorgitn genotype taking into ;ccount Waring and 
Cleary's notes and to evaluiale whether iressuire chani- STOPPER 

SPublished wil, the apliroval of the Director as Paper No.
3:36, Jolirlnal Series, Nebraska Agr. Exp. Sin., Linicoln, Neb. SAMPLE 
This researlch was suppolted in part 1)y, The Rockefeller Fomi­
(lio1n andm lvas und aln Recsearchcaiiiedt lt~er IA() Fe'llowship 
to A. imi. Rceived May 25, 19!72. 

'Visiting l'rofessor (presently, Researchi Agrononist, Depart­
ilent of Agrolnmy, Agriciiliral Research Organ izatiol, The 
Volcani Center, Il i)agan, Israel). Iepartlmint of Agronomy;
AssociatIllrofessoi, I)eparii of lloriiculiuire and Forestry; 
and AssoidilI Prtofessor, lIepaIllt-il'l of Agrlolollly, respectively,

Th [hliversity of Nebraska, Lillcolll, Neb. 68503. CHAMBER 
Paris accordilig to Maihlesonl Catalogue 28, Matheson Gas 

'roducts, Joliet, Ill. Fig. 1. Outline of a sample holder for a pressure chamber 
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Durra and M-35-1 were evaluated at several stages of 
growli. Samples were taken fron the same leaf for 
xylem pressure and thermocouple psychrometer meas-
tirements. 

Two rates ol pressure increase, 0.33 and 0.38 bars 
sec - 1, were tried. In both cases (Fig. 2 a and b) the 
relation betweeo xylem pressure and leaf water po-
tential was linear, but did not fit the line of equi-
valency. lressure chamber readings cannot, therefore, 
he used directly as an estimate of leaf water potential, 
and the correct leaf water potential should be read 
off the regressioni curve. As indicated from the ratio
h~etweenl err'Or" varmanse estmnmatcs for the two pressure3 8 / 2increase rates (i ac. 0.33 - 0.52) a better esti-

mate of leaf water potential from the regression line 
would be obtained in this case under the higher rate 
of pressure increase. No differences between geno-

sweredetected i the regression etween xylem
typ e e dt 
pressure and leaf water potential. 

Various investigators were ctoncerned with osmotic 
potential of the xylen sap and indicated that pressure 

chamber readings would yield a (lirect estimate of leaf 
water potential oinly if the osmotic potential was 
negligible (1, 2, 3). Osmotic potential in sorghum was 
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Fig. 2, n. inld 1h. Xylent map presiuie a=nd lealf wiaier potential 
vlhues for live sorlihuin wille at several stagesl of Xrowthl 
at (at) 0.33 bars sr.'*stif (b) 0111 balrs sec-1 pressure increane 
ralte lIn the thambirr. 

found to be negligible (3), but still it can be seen front 
the results presented here that pressure chamber read­
ings can not be used directly as an estimate of leaf 
water potential, and are dependent on the rate of 
pressure increase in the chamber. 

The pressure chamber is a worthwhile method for 
estimating leaf water potential in sorghum, provided 
care is taken not to crush the leaf sample and leaf 
water potential values are read of a calibration curve 
prepared at an appropriate pressure rate increase for 
tile pressure chamber used. 
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