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ABSTRACT

The Campbell-Brewster (J-14) leaf press is a compact
altarnacive to the pressure chamber for plant water
potential determination. Data comparing the J-14
vith tha pressure chamber (¥y) or with canopy
temperatures (Te) and c¢rcp water stress index {CWSI)
are limired. All three J-14 end points (exudation
from cut or uncut leaf edges or darkening of
{nterveinal aress) were highly correlated among
themseivas for the four species atudied.

Correlations of J-14 end points with other atress
ind{cators from unstable diurnal perlods were poor.
Our data showed e 3pecles-related raliability of tha
J-14. The J-14 produced rZ values above 0.7 for
soybean for all but comparizons with CWSI or Te
ninns alr temperature {AT), and for corn for ¥y
only. The J-14 did not psrform well for tomato ox
rapesead, Failure of J-14 or ¥, to correlats well
with CWST suggests difficulty with CWSI measurement
under humid southeastemm conditions.

INTRODUCTION

Plant water status can be Inconveniant in the field
becauss of techniqus or equipment limitations. The
pressurs chember (Scholander, et al. 1964) has baen
wvidely uaed for field assessment of plant xylem
prassure potential (¥y) which is elosely related to
total plant water potential (¥;) in the absence of
significant osmotic potential %i,). Most prassure
chanbers are e{ther excessively bulky or have
inadequate gas capacity for copius measurements.
Paychromerric determination of Wp_(Slvagc st al.
1981) is poorly suited to field use because of tiuwe
required and semsitivity to environmental wvariation.
A highiy portable mathod, requiring little or mno
¢quipment maintenancs and no material resupply 1s
the Canpbell-Brewatar hydrsulic leaf press (Campbell
and Brewgtar 1975).

The Campbell-Brewster (J-lﬁ)lprets. howaver, is
gaining acceptance slowly because only limited data
comparing it to established plant water status
indicators are available and the physical meaning of
the J-14 end points is uncertain. Comparisons of
the J-14 press have to date been only with the
Scholander-type pressurs chamber (Bristol et al.
1981; Campbell et al. 1979; Grant ot al. 1981; Hicks
st a1, 1586; Jones and Carabaly 1980; Radulovich et
al. 1982; Rajendrudu et al., 1983; Renard 1979;
Shayo-Ngowl snd Campbell 1980; Yegappan and
Mainstone 1981), relative water content (relative
turgidity) technigue (Campbell et al. 197%; Grant st
al. 1981; Rhodas et al. 1976), and thermecouple
psychrometry (Grant et al. 1981, Rajendrudu et al.
1983). The suthora are unsware of published

t Names of squipment manufacturera and suppliers are
providad for the banefit of the reader and do not
imply endorsement by the Department of Agricultura.
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comparisons of the J-14 end points with leaf
temperature (T.), leaf minus air temperatuzs (AT),
the derived crop watar strass Index {CWSI), or
teasurements of leaf diffusive resistance, leaf
transpization, or micromatecrologically-derived
¢anopy parameters.

The J-14 and points generally obsearved are: free
sxudation from either the cut or uncut leaf sdge
(¥3c or ¥3y, respactively) or darkening of leaf
interveinal axess (¥33). ¥Frequently, ¥j. and ¥,
are further defined as axudation at or near a xylem
element f£rom sither a cut or uncut adgs. In the
suthors’ experienca, this distinction is difficul:.

The majority of papers reporting a good relationship
between ¥ and ¥, found that ¥y over-estimaced ¥y, -~
i.e., a more negative potential wvaz measured for ¥y
than for the corresponding valus of ¥; (Bristow e:
al. 1981; Grant et al. 1981; Radulovich et al. 19%82;
Rajendrudu et al. 1983; Yegappan and Hainstons
1981), Three factors may have contributed to chis.
One iz the subtlaty of the ¥; endpoint; Hicks at al.
(1986) over-estimsted ¥, 1if the first exudation of
sap vas taken as the ¥3 endpoint. A ons to ons
relationship ex{szted if ¥; was taken to ba the
pressure at which sap exuded from all leaf veins.
Alsc, in none eof the ¥y vs ¥; comparisona did tha
authorsy report wrapping leaves with moist gauze or
with plastic during chamber pressurization as
recommended by Gandar and Tanner (1976) and Turner
and Long (1980) to combat the rapid rise in chamber
tamperature and vapor pressure deficit (Puritch and
Turner 1373, and Wenkert et al. 1979). Grant st al.
(1981) also suggested that with the J-14,
measurexant of the xylam oszmotic componant iz not
measured, which upwardly bilases ¥ by an smount which
decreasaz as tha plant progressively driez toward
plasmolysis. ’

Other limitations of the J-14 have baen noted. Good
coxrelation of ¥y with ¥y and ¥, from pressure
chamber and paychrocmeters respactively have bsen
limited to readings from stable (midday) periods
(Brisztow et al. 1981; Radulovich et al. 1982) and in
some species to partially stress-hardened plants
(Yegappan and Mainstons 198l). Furthermore,
Shayo-Ngowl and Campbell (1980} caution that all
J-14 end points i{nclude the pressura required to
deform the tizsue and increass the matric potencial
to zero, and that thess pressures slter matrix pore
structure which can artifactually affect ths end
pointa in all buc pre-frozen samples.

The objectives of thiz study were to compare ¥j.,
¥y, and ¥j4q with one another, with the standard
pressure chamber measurement of ¥y uasing
plastic-vrapped leaf samples, and with the crop
water stress index (CWSI) as developed by Jackson et
al. (1981) and Idso st al. (1981). Unlike moat
other similar comparisons these comparisons were
conducted under humid southeastern conditions.



WETHODS AND MATERIALS

Ongoing field studies with irrigation treatments,
providing a range of plant water status from
non-stressed to moderately stressed, ware monitorad
in Florance and Charlaston, South Carolina. Corm
(Zea mays), soybesn (Glycine max), and rapeseed
(Brassica napus L.) were grown on Norfolk loamy sand
{fina-loamy, siliceous, thermic, Typi¢ Paleudult) in
Florence, and tomato {(Lypersicum esculentum) was
growvn on Hockley loamy fine sand (fine-loamy, .
siliceous, thermic Plinthic Paleudult) in
Charleston. Crops were grown using conventional
standard cultura) practices for each crop in the
region, including in-row subsoillng to 0.45 m,
Tomato was grown on 1.22-m staked rows. Soybean,
corn, and rapeseed wers grown on 0.76-m rows.

Rapessed waa in a twin-row configurttion with 0.28 »

batween twin rovs.

Xylam pressure potentlal (¥y) was determinad using a
pressura chamber specially designed with a high
chamber-mass to internal-volume ratic to-minimize
compresslon- decomptasaion related temperature
changes and allowing rapid insertion and sealing.
Leaves were excised, immediately placed in plaztic’
bags containing wer paper towels, and quickly’
i{nsartad into the pressure chamber for .
presaurization. Two to three cm of exciscd pettole
{or corn leaf) were left protruding from the plastic
bag. With a constant pressure Increase rate of 1300
kPa min-1, rotil time from excision to dacospression
seldom excesded two minutes. Pressure chamber end
points were taken as the first free flow of sap from
conductive tissue at leaf -excision points., For
rape, soybean, and tomato chamber samples, axcision
was at the point of petiole attachment to the
mainstem and entire compound leaves wera ingerted
into the pressure chambaer. For corn, eéxcision was
at wid-leaf. All leavss selected were
moat-yecently-matured, fully-expanded sun- cxposad
leaves. For pressure chamber vs J-1l4 comparisons,
matched pairs of leaves were selected from i
side-by-side plants (one fo: ths chambeyr, one . for
the J-14). .

The J-14 waa pressurized it approximately doubls the
chamber rste. Each J-14% leaf wax exciszed from the
plant with a sharp razer blade so that uncut or
cut-edge exudation could be watched simultanaously.
All three end polnts (¥J., ¥ju, ¥yd) were noted on
the aame leaf sample. Each lesf was backed with
white filtar paper to facilitate detaction of
sxudate.

Crop temperaturesz obtained with an Everast mndel 110
Infrared thermometer using an emissivity sstting of
0.98. It was aimed obliqualy at the crop canopy
taking care to include only f£oliage in tha target
area. Alr temperatures wera determined from
automated weather stations Immadiately adjacent to
the plots. The Florence stationa were daseribed by
Sojka and Parsons (1983) and Sadler and Camp (1984).
The Charleston dats wers collectsd with CRZ1 data
loggers for all but the raps data. Vapor preasuras
above the canopy (at 1 m height) were calculated
from relative humidity measured with a Backman
Humi-Chak IY precision hygromater.

.

4o

- {C)} and slopas {(C/kPa) of the wall-watered basalina

‘Upon completion of each plant water status

The CWSI was calculated using the ampirical fornulaa:
derived by Idso et al. (1981) and summarized by 3
Clawsont at al. (1987). Results were confirped using

the computer program of Carney and Pinter (1984).
The equations usad ware as follows:'

| GWST = (Te-Tel)/(Teu-Tel)

where Tc is crop temperaturs (C) and subsc:tpts u
and 1 indicate uppsr and lowar limits, rcspectlvely

Teu = Ta + .o + &l * (esa-ala')

Ta 13 air cemperaturc (C). 40 and al ars 1n:arcep:

(sée Tabla 1 for values), asa ia saturation vapor
preaasure at Ta (kPa), and esa’ iz saturation vapor
presaure (kPa) at (Ta+a0). This last {35 an a:timat-
of Tc at zero transpiration

Tcl = Ta + 20 +al * {esa-aa) .
vhere ea {3 actual vapor pressure {kPa). The ter=

Eeaa)ea) 13 recognized as the vapor pressure deficit
VFED

3

stlc 1. Slopes and 1ntercepts of well-watered base- .

lines used in calculations. Dnta taken frou Idso E
€1982) . : b3
Intar- Slope
Crop Scisntific name cept ¢ C/kFa -
. ' X
“Tomato ~ Lypersicum osculentum 2;86 .:i.SSIw
Soybean ' 'Glycine max 1,44 -1.3
Rapa¥ - Brassica napus L. 1.94 -2.26

Corn Zaa mays 311 -1.97

wIdso (1982) reported no data for rape,

Data for
turni{p (B. rapa) were used. ' :

dotermination a record of Ta, Tc, AT, RR (relative E
huaiditiy), VPD, ¥, ¥Je, ¥3u. Y34, and CWST existed *
for correlation-regrassion snalyeis for tha date-dnd .
time, Ragrassion analysils was accompli:hcd using :
the PROC RSQUARE subroutine of SAS.

RESULTS AND DISCUSSION

A statistical summary of the relacionship betwean
physically measured parameters for all four crops is
presentad in Table 1. Soybean provided uniformly E:
good correlations of J-14 parametars with all :
meagured watar status indicators except AT, which. -
confirms and expands the findings of Grant et al.
(1981). The relarionships between ¥j,, ¥j;, or ¥53
and ¥y or Te are shown in figures la and 1b. Im
addition to the relationships batwean these
parameters, It should bs noted that tha thrae J-14
end points for soybean are clesely related. Under
southeastern conditions, some problems hava been
noted with AT determinations under fluctuating
radistion. Daspita efforts to minimize this, some
haziness may have affacted the AT datermination.
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Figure la. Comparison of J-14 press with presaure
thanber for soybean.
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Fibure Ib. J-14 press data plotted against crop

temperature for soybean.

Corn had modaratsly good correlations batwsen ¥y and
eithar ¥3,, ¥3., Or %39 (fig.2). A good relationship
was also reporcad for sorghum (Sorghum bicolor L.
Hosnch) by Hicks at al. {1986), which hax siailar
leaf structure and vaination. Ths only fiolp.risoﬂ

n

ef the J-14 using corn previously reported was for
matric potential determination (Shayo-Hgowi and
Cappball 1980). As seen in Table 2, ¥, correlated
sioasurably bstter with ¥; chan did either ¥;, or
¥34. Correlationzs between the J-l4 end points wers
poorer than for soybean but did indicate they wers
strongly related.
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Figure 2, Comparison of J-14 press with pressure
chamber for corn.

Evalustions of the J-14 have not been reportsd for
tomato or rapaseed. Table 2 suggests there iz no
accaptable relationship between tha J-14 and sny
other traditionally measurad indicator of stress for
these two ppacies. Indaed, the J-14 parametars sre
only moderately correlatad among themselvas in
rapaseed and in tomato. By contrast, vrapped and
unvrapped ¥, measurements for soybean, rapesaed, and
¢orn are significantly correlated (Table 3). The
wrapped ¥y determinations ware a subset of Table 2.
Data not presanted was usad to relate’ ¥, ¥3,. ¥ja.
and ¥34, to parallel leaf diffusive resistance of
tomstc and corn. No good relationships were found.
This may be an arcifact, howevsr, of szeveral .
factors. The stable midday data pairs were faw and
weara from a narvow rangs of well watered plant
potentials with fluctuating redistion lavels.

Tha crop water straess index {CVUSI) vas regrazsed on
the four variables ¥y, ¥j,, ¥7., and ¥34, for midday
regdings (0900-1500 hrs) for all four crops (Tabla
4). Tomato showed the clozext corrslation of CWSI
{with ¥,) and soybean and corn showed some
correlation with CUSI, however, corrslations ware
poor (rz bealow 0.5). Again the problem appears
related to the limited plant water potsntial ranges.
Figure 3 illustrates thix with plots of CWSI vs ¥
for tomato, corn and soybean. There have basn
indications that the CWSI may not parform wall under



Table 2. Regraszion equations and cosfficients of devermination for ulattm.sﬁi:s between
- »meagurad plant water stress indicetors for four species In bars (= kPa x 100) for ¥ amd
degrees C for T.. ) ’ :

JUPAPIE NG (P S5 W

. Dep. Ind.
Crop Dep. var Ind. vay #Pairs Slope Intercept r? Prob>F min  max min max
Towato YJu wle 41  0.884  2.393 0.5%7 0.0001 3.4 9.0 2.1 6.6
%Ju " " 0.158  4.866 0,085 0.1063 3.4 9.0 &7 l1.9
Y Te " 0.177  1.857 0.176 0.0063 3.4 9.0 -13.0 31.2
B - AT - 0.255 5.715 0.171 0.0072 3.4 9.0 -1 &.6
L AR = .. 0,127 2.9% 0.059 0.1249 2.1 6.6 .- 4.7 119
#Je T w 0:.127  0.920 0.I28 0.0219 2.1 6.6 . 130 31.2
e AT " 0.169  3.842 0,106 0.037% 2.1 £.6 -7.1" . 6.6
¥Jd W " 0.502  3.418 0.505 0.000L 4.0 6.9 21 66
wd T " 0.424 2.908 0.505 0.000L 40 6.9 3.4 9.0
A7) ¥x . 0.081L  4.780 0.048 0.1688 4.0 6.9 4.7 1.9
LA Te " 0.080 3.481 0,102 0.04l4 4.0 6.9 13.0 31.2
wid © AT " 0.138  5.310 0.141 0.0154 4.0 6.9 1 -7.17 6.6
Soybaan Ju Vo 25 1,974 -2.094 0.8)4 0.000L-5.7 26.9 2.4.12.
wha ¥x " 1.179  -0.396 0.804 0.000L° 5.7 26.9 4.5 19
Y Te " 1.375 -31.3%4% 0.797 0.0001 5.7 26.¢ 25,9 39
¥Ju AT " 1.241 11.653 0.268 0.0081 5.7 26.9 -56 3
e x " 0.559 1.253 0.866 0.0001 2.4 12.4 4.5 19.
e Te LR 0.638 -13.031 0.823 0.0001L 2.4 12.4 25.9 3%
e AT w 0.392  6.974 0.128 0. 0790 2.4 12,6 -56 3.
¥4 Tle " 0.836  2.097 0.928 0.0001 4.5 13.8 2.4 12
¥Jd ¥Ju " 0.379  3.509 0.912 0.0001 4.5 13.8 5.7 2%
v x " 0.476  3.506 0.833 0.0001 4.5 13.8 4.5 19
Y3 0 Te " 0.5%8 -9.867 0.88% 0.000L 4.5 13.8 25.9 3%
¥Jd "AT . 0.462  7.923  0.236 0.0139 4.5 13.8 -5.6 3
Rapazead #Ju *lc 30 0.805 2.713 0.493 0.0001L 4.8 9.0 3.1 6.6
LA vix - 0.388  3.682 0.269 0.0037 4.8 9.0 3B 8.5
TJu Te " 0.158  3.050 0.269 0.0033 4.8 9$.0 12.9 23.%
L AT AT " .0,048 6,289 0.004 0.7567 4.8 9.0 -1.% 3.5
wlc e " 0.41%  1.646 0.405 0.0002 3.1 &6 3.8 8.5
. A% Te " 0.157  1.200 0.3531 0.0005 3.1 6.6 12.9 2319
LA AT . -0.001  4.394 0.000 0.9931 3.1 6.6 -1.9 3.5
w4 Wi e 07RO 2.828  0.443 0,0001 4.7 %.0 3} 6.6
PAT) FA = 0.946 0.340 0.858 0.000L 4.7 9.0 4.8 9.0
LA I " 0,340 3,998 0.19% 0.0135 4.7 -9.0 3.8 4.5
Wl Te " 0.122  3.785 0.154 .0,0322 4.7 9.0 12.¢ 23.%
94 ‘AT * ' -0,284  6.276 0.001 0.8571 4.7 9.0 ,-1.9 3.5
Corn I L ACTE 4L 7 1,278 3.00L  0.6%7 0.0001 7.6 20.7 4. 13.8
v = " 0.789  2.405 0.499 0.0001 7.6 20.7 8.0 20.5%
wJu Tc " 0.539  -3.464 0.400 0.000). 7.6 20.7 '21.6 35.3
' h " AT “ 1.062 13.701 ©.166 0.0083 7.6 20.7 -4.4 0.0
e - iIx ~ 0,592 -0.169 0.6%9 0.00l0 4.1 13.8 8.0 20.5
¥Je Tc ~ " 0.389  -4/146 0.519 0.0001 4.1 13,8 21.6 35.3
W AT * 0,599 7.931 0,131 ©£.0201 4.1 138 -4.4 0.0
$Jd wJc " 0.683  £.576 0.548 0.0001 8.1 14.8 4,1 13.8
wd A U " 0.521  5.130 ©0.793 0.000L 8.3 14.8 7.6 20.7
wJd Tx " 0.417  6.304 0.409 0.0001 8.3 l4.8 8.0 20.5
%Jd Tc v 0,310 2,509 0.386 0.0001 8.3 14.8 "21.6 35.3
. yJd AT " 0.651 12,449 0.182 0.0055 8.3 14.8 -4.4 0.0
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pusid conditions, particularly under variable
radistion ragimea, or where haziness limits maximum

taconing radiation.
associated with using the CWEI may

Soms feeling for the difficulty

ba gained from

figure 4a, b, 2, and 4 in which measured AT values

ars plottad against corraspondance

VPD values with

polnca coded for hour of day for the four crops and

showing the calculated basalines.

faniv 3. RagTusilen ag 1 and Eflciswcs of & for ralscl
Ahips beTwesh W velued Froea 4 pped Pplaa for four spacies
in a pi ibaz ( d = dop, war.) Ia Wars {= kFa x 100).

. Ind.
Cowy stairs  dlapa Intecceps okl nim Bz B wax
Buyhadn 15 .06 5.336 0.%08  0.000t 4.3 11,3 &% O
h;uud bl 0.9 ©.933 6.1 00001 4.5 19.7 3.8 035
Larn 4] 0.4 1.3 0. 700 4.0012 12.5 3.3 1l.3 303

Several chbasrvations can be mada from these data
about use of the CWEI in humid regions. The range
of CWSI observed indicstes that the smpirical form
of the CUSI may nesd local calibration, since values
considaxably cucside the ranga 0-1 sre found. Thisz
can be sesn from values outside the snvelops of the
upper and lower limits in figures 4b and 4d, For
soybean and corn. Most values outside the snvalops
for tomato are from early morning or late afrarnoon,
and not within the 0900-1500 tise period usually
uaed for GWSI calculations. WValues for rapa ars
mostly within the envelops. The data for zoybaan
corroborate those of Evans and Sadler (1987), who
found values ranging from about 2 € gbove to 2 C
bslow the envelope, and found both & tims-of-day and
radistion dependence of CWSI for soybaans on the
sama soll. Sojka and Parsons (1983) and Evans and
Sadler (1987) reported a similar diurnal pattezn.
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: for soybeans and corn.
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Tha currant atudy lacks the tima range to
deponstrates the time-of-day dependence for soybean,
though the rangs is similar. The trace for the
tomato dats is similar to tha esrlier soybaan daca,
though generally lower in the envelope. Thesa
tomatoss were probahly battcr watered than those
loybaans »

Though the mnjorlty of work with CWSI has used.
cloud-free conditions near midday, such conditioms.,
saldom exist during the growing season Iin the
Southeast, The comparisons among crops shown by
Idso (1982) included sunlit and shaded baselines for
five crops. The shaded crops had baselines 3.8 €
lowar than the sunlit crops, ' If thin clouds. or haze
reduce frradisance, it is within reason to assuma '
some intermediate baseline applies.- The dependenca
of these data on radiation could not be studiad
because zll the weathex stations integratad the
irradianca, and the varf{ability of irradiance
prescluded intarpolation betwean hourly or
half-hourly averages.

Previcus inveatigators have shown that ths
zelationship betwean J-14 parametsrs and other
standard plant watar stress {ndicetors is diurnally
affactad (Hicks, et al. 1985; Radulovich, at al.
1982). The J-14 parameters apparently have
differant dynamics and therefore the ratio of J-14
parameters to other parametsrs changess until a
diurnal plateau {a near-stesdy-scate condition) iz
reaached.

CONCLUSIONS

The. Campbell-Brewster J-14 préss appears to exhibit
a spacies-related rellability. Our data confirm the
inability to relates J-14 parametars to other water
stress parameters during meteorologically dynamic
diurnal periods. J-14 performed well with soybean
for all but comparisons with AT or CWSI and it
parformed well with corn only for comparison of ¥x.
The J-14 did not perform well for tomato or
rapesead. All three J-14 end points were highly
correlatad among themsalves in all four specles.
Failure of CWSI to correlate highly with ¥; or J-14
paramaters suggests inherent problems with the CWSI
under high humidity/limited-radistion regimes.
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