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ABSTRACT

Water stress during critical growth periods is frequent-
ly the limiting factor in crop production. However few
data are available on the variation of plant water status
under field conditions. The object of this work was to
quantify the effect of soil matric potential on plant water *
status. Sweet corn (Zea mays L.) was grown on a Varina
sandy loam soil to determine the effect of the microclimate
and irrigation on leaf water potential. Soil water stress
was imposed naturally and by use of automated portable
shelters that covered the plots during rainfall.

Leaf-water potential was closely related to the diurnal
change of incoming energy. A maximum leaf-water po-
tential of —1.5 bars occurred just prior to sunrise. The
minimum value, which occurred during the peak radia-
tion load or stress, was dependent on soil matric poten-
tial and stage of plant development. Before tasseling,
soil matric potentials of —0.08 and —0.60 bar at the
15-cm depth in irrigated and nonirrigated plots resulted
in minimal leaf-water potentials of —12 and —18 bars,
respectively. After tasseling, soil matric potentials were
—0.07 bar at the 15-cm depth in the irrigated and —3.0
bars in the nonirrigated plots, and the same minimal
leaf-water potential of —18 bars developed for both. Un-
der the same radiation load, minimal leaf-water poten-
tial of irrigated plants was —12 bars before tasseling and
—18 bars after tasseling. The results demonstrate the
need to evaluate the influence of environmental stresses
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and soil water deficits on leaf-water potential and asso-
ciated physiological processes.

Additional index words: Plant water status, Incoming
radiation, Net radiation, Soil water potential, Irrigation,
Water stress, Zea mays L.

IURNAL fluctuations in leaf water potential

have been predicted by theoretical analyses (7).
Klepper (16) measured marked diurnal variations in
water potential of both leaves and fruits and found
that during the day variations in the plant water
status were closely related to radiation load or stress,
while at night the plant water potential reflected the
soil water status. Her results indicate that during
the day the roots could not absorb water fast enough
to replace that lost by transpiration even as the poten-
tial gradient increased. Similarly, Waring and Cleary
(20) using Douglas fir (Pseudotsuga menziesii) with
adequate soil water showed that plant water poten-
tial reached —20 bar, even when soils were near
field capacity, if the radiation load was sufficiently
high. They found plant water status may fluctuate
rapidly, as much as a 5-bar change per hour, depend-
ing on the microclimatic conditions.

Recently, the importance of soil matric potential
on the transpiration rate of field plants has been
studied intensively. Denmead and Shaw (8, 9, 10)
reported that the transpiration rate of corn (Zea mays
L.) decreased as the soil matric potential decreased.
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If evaporative demands were high, the relative tran-.

sp1ratlon rate “decreased rapidly although the soil

matric potentials were falrly high, ranging from —0.02 + -
to —0.5 bar. However, if evaporative demands were

low, the relative transpiration rate did.not decrease

until soil water potentials were lowered. These data

indicated that meteorological conditions significantly
affected the potential evapotranspiration rate, Thom-
as and Weigand (19) showed that as soil matric
potential decreased, water availability and transpira-
tion rate decreased and leaf temperature. increased.

Yang and De Jong (21) concluded that as the tran-
spiration:rate of wheat. (Triticum aestivum L.) de-
creased with: decreasmg soil water potential, soil’
conductivity was identified. asthe ‘major limiting
factor in the pathway of water from the soil to the

plant leaf. This- generally-agrees:with. work of Gardner
and Ehlig (12, 13) and Lang and Gardner (17)
which i1 e1cated at low, soil water potentlals, unsatu-
rated “conductivity ‘is- the most important*factor .in
controlling the rate of water uptake by plant roots.

Little quantitative data have been reported on the
diurnal changes in leaf'water potential under various

soil water regimes, when both micrometeorological -
and soil moisture stresses were evaluated simultane-
ously.” The work reported here was conducted under

field conditions to quantify the diurnal fluctuations
of leaf water potential of corn and relate their mag-
mtude to the m1crocllmate and 5011 matrlc potentlal

1VIETHODS AND MATERIALS

Sweet corn: ‘Sllver Queen 'was: grown on;:a Vanna sandy loam
so1l (lethlc - Normudult) : near Florence, S..C. .during- 1972,
The corn .was “planted on March 30, (emergence completed on
April ‘17§ ‘in 51:cm’ vows -and “thinned to approx1mately 30 cni
between plants in the/row; equivaleritifo a:populationi: of 72,000
plants/ha. ‘The corn was. fertilized with 84, 74, and. 139 kg/ha
of N, P, and K,. (5 10-10 fertxhzer), respecuvely, and 'with 212
kg/ha ‘of N-as a'slow" iéleasé’ fertilizer . (26-0-0° Osmocotes) at
planting ‘time.  The -fextilizers were mlxed 1nto the surface 5011
by disking: to-the “10:cm: ‘depth. -

The, expenmemal design;was.a Spllt plot w1th a 65 >( 8 2 -m
plot size., Main_plet treatments. were .tillage and. subplot treat-
ments were ‘Water® control, ‘replicated ‘four times.  The tillage
treéatments  were’ ‘conventional ‘surface “tillage,’ and’ conventional
surface s tillage ' plus: chiseling :to "a:38:cm: depth:/: The - water: ‘con:
trol treatments were three drought perlods imposed ‘at different
stages of growth, and a control that was furrow irrigated with
25 c¢m of water when the soil matric potential was —0.2 bar at
the 30-cm depth. The first period of drought stress was imposed
36 days after’ planting’ by covering the plots’‘with moveable
shelters automatically, activated by rainfall.. The second and
third droughts were imposed 55 and 70 days after planting
by :laying polyethylene.-sheets. on. the . soil. surface. .between: the

plant rows and stapling them alound the p]ant base to elmnnate ‘

infiltration ‘of rainfall’’

Leaf ‘water potential (xylem pressule potentlal assumed >>
xylem:: -0SMOtic potential);, yj;:was measuted:in the - field using
the, pressure-chamber. technique: described by: Scholander et :al:
(18): Plants with fully expanded. leaves exposed to full sunlight
were selected randomly for deter mnnng leaf water potential, The
influence of leaf position was not 'measurable ‘as long as the
leayes, were: not shaded:: ‘The Jeaf iwas: excised : approximately 30
cm. from the tip, -and._ about. 5 cm . of the blade was trimmed
from the midrib at the cut end for insertion ‘of the nndnb into
2 gland’ mounted’ in’ the” Wall ‘of ' thé pressuxe chamber.” "The
ehamber was then sealed n(l ptessure applled at’ the rate of

i 3Trade names are 1ncludul f01 the beneflt of ‘the 1eader aml
do not‘infer ‘an ‘éndorsement’ ox pl(fCrLllCC of the ploducts llste(l
by the USDA or the South Carolina Exp: Sta.

“varied from 5 to 15 min. The data were smoothe

Table 1. Summary of plant parameters and soil matric poten-
tials:on the: days» - leaf water potential determmatlons

: Soil matric |
Date;ii; i Plant Leaf area _Ml_a_l__??’
1972 , height /plant 15 cm 30 em
i “ em cm? bar -
May 19 42 1,650 <0.09 -0..10
June 6. © 114 5,100 -0.17 ~0.16

June 23 226 5,800 % . -0.07 -0.:07

04 to 0.8 bar/séc. “The entire procedure from exéision to the
final reading required 1 to 2 min. The time between samples

12 3-2-1 weighted:srunning average after Jackson et al
“Solar radiation (R,), net radiation (R,), wind speed (W, air

" temperature” (Ta); and. dew point” temperature -(I'd) were re-

weorded. Solar radiation was measured with.an Eppley® pyran-
ometer mountéd 4 m above ground level. Net radiation was
measured with a FEritschen-type.net radiometer.. (11) placed ap-
proximately 110 cm above the crop canopy, which was elevated
as the plant height increased. Wind velocity was measured with
a 3-cup anemometer mounted 200 cm above the: soil:suiface.
The electrical ‘output of the radiation and wind “sensors' Wwas

" integrated continuously and recorded hourly. At 200 ém above

gtound level, both air and dew point temperatures were meas-

- ured with a nickel:wire res1stance thermometer.and .a Honeywell

“Dew Probe®, respectlvely “The ambient ¢ vapor ‘pressure and

» saturated vapor pressure were determined from the temperature-

‘vapor pressure curve. Vapor pressure deficit (VPD) was calcu-
Jated - as: the - difference. between: ;saturated. .and ‘ambient . vapoi

" \pressures. All data described above were recorded hourly by

an electronic-data acquisition system.

The soil water status. was monitored with tensiometric .and
gravimetric “measurements: * Tensiometers” were' placed “in - the
soil at:15-cm increments’to the 61-cm depth-andiat 30:emi’ incre:
ments. to-the . 183-cm depth:; The . tensiometric .measurements
were. 1ecorded between 0800, and 1000 hours (EDT) da1ly

RESULTS',;; g

Influence of Mlcrocllmatologlcal Stresses
On Leaf Water Potenual

Data for 3 days (May 19 ]une 6. ]une 23) were
selected to show the influence of the mlcrochmatolog-
ical variables : on . the: diurnal :cycle of. leaf water
potential of “‘wel-watered”, _plants.. Since soil -water
stress. throughout. the: expenment was -not: apparent;
any. kflu‘ctuatlonu in leaf water : potentlal (W1)::was
assumed due.to climatic; variables.. . Leaf -area, plant
height, and.. soil matric potentxal on: the selected days

ed. :

%

‘The diurnal pattern of leaf water potentlal and
microclimatic variables are plotted . (Figures: 1a, ‘1b,
and : 1o) for the selected dates; May 19, June 6,and
June 23, respectively.. :The - energy:-distribution
throughout the daylight hours of these:days was:sub-
stantially different.: May:19:was: heavily: overcast and
coolwith: no :direct sunlight until about: 1400, which
represented a:low. energy day.. June 28 was a.perfectly
clear: day -with; moderate: temperatures, ‘and June 6
was'«clear \until about 1430 when a ' brief ‘thunder-
storm  occurred : adjacent to° theexperimental area
Only. a trace-of precipitation was:measured and ‘the
sky:: cleared - ‘at: about l700 and remamed 50 untll
sunset: “ : / !
The ‘variation” ot leat ‘water potentlal on' May 19
is'shown in’Fig. ‘1a. The scatter around the smoothed
data ranged from: 1 to 4 bars; representmg plant “to
plant variation! - Leaf water ‘potential “was’ approxi-
mately 1.5 -bats from:0600 to 0900 hours ‘and gradual:
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Fig. 1. Diurnal variation of microclimate data and leaf water potential of well-watered corn plants: a, May 19; b, June 6; ¢, June 23.

ly decreased (more negative) until 1600. Dew covered
the plant leaves up to 0900. On May 19, no ¥,
data were collected after 1700, but accompanying data
indicate ¥, increased rapidly at sundown. - The energy
flux data reflect the extent of cloud cover as indicated
by both the incoming and net radiation. The net
radiation slowly increased to about 10 ly/hour at
1300 and rapidly increased to 35 ly/hour as the cloud
cover decreased. The relationship between ¥, and the
energy flux, whether net or solar radiation, was strik-
ingly close.

The relationship between ¥, and the energy flux
is even more striking on June 6 (Fig. 1b). Net
radiation increased rapidly, as the sun angle increased,
until 1430 hours, and then decreased sharply as a small
thunderstorm moved .over the area. The sky cleared
by 1700 and again R, was related to the sun angle.
Leaf water potential did not change substantially
until 0800 when the decrease in ¥; was closely re-
lated to the energy flux. The rapid decrease in W,
from 1500 to 1600 was related to the decrease in energy
flux, because no precipitation fell until 1605 and
the trace amount that fell evaporated within the hour.
Although the daily trends of ¥, and VPD were sim-
ilar, the relationship was not as dramatic as that be-
tween ¥, and R;. The air temperature extremes were
21 and 31 C, and the wind velocity was very low
during the early morning hours but increased briefly
to 13 km/hour during the thunderstorm.

These results suggest that ¥, of well-watered plants
can respond to energy changes within 5 to 15 min.
Each sampling, measuring, and recording required
5 to 7 min and did not permit sufficiently rapid
sampling for more precise evaluation of the ¥, time
response. However, these results support the obser-
vations of Boyer (3) that ¥; can change as much as
50 % in 4 min when a step change in stress is imposed.

Data for June 28 are summarized in Fig. 1c. The
radiation data represent a clear day. There was a
very close relationship of energy flux and ¥,. Under
peak energy loads, ¥, decreased to —19 bars even
when the soil matric potential was —0.07 bar at
the 15-cm depth. The VPD showed a diurnal swing
with a minimum at 0700 and a maximum at 1800 that
lagged behind the minimum ¥, by 5 hours.

On June 23 plant leaves had no dew and ¥,
decreased at sunrise, about 0630, while on June 6
with a heavy dew, ¥; did not decrease until 0800 hours.
The VPD around sunrise on June 28 ranged from
3 to 6 mb while it was less than 1 mb on June 6.
These data indicate the influence of dew on the dura-
tion of plant water stress in the humid regions and
suggest that mist irrigation may be beneficial during
periods of minimum ¥,.

Influence of Soil Matric Potential
on Leaf Water Potential

The two soil moisture treatments tested on May
16, June 1, and June 15 to show effects of soil
matric potential on ¥, will be identified as stressed
and nonstressed plants. The term ‘“stress” reflects
only the relative difference between the two soil
water treatments. The nonstressed plants were irri-
gated as described earlier.

The leaf water potential and the microclimatologi-
cal variables on May 16 are summarized in Fig. Za.
Since differences between tillage treatments were not
evident, ¥; and soil matric potential data for both
treatments were combined. The stressed plants were
sheltered from rainfall for 11 days while the non-
stressed plants received a total of 34 mm of precipita-
tion the preceding 2 days.
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Fig. 2. Diurnal variation of microclimate data and leaf water potential of stressed and nonstressed corn: a, May 16; b, June 1;
¢, June 15.
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Fig. 3. Soil matric potential distribution for the stressed and nonstressed plots on dates corresponding to Fig. 2.

The ¥, of both the stressed and nonstressed plants
decreased rapidly at sunrise, reached a minimum at
approximately midday, and rapidly increased at sun-
set. The ¥, for the stressed and nonstressed plants
exhibited a plateau during midday that apparently
was unrelated to incoming radiation. The diurnal
fluctuation in the VPD lagged behind R; and R,
fluctuations and did not seem to markedly affect
the magnitude of ¥;. The small difference of the
leaf water potential of the stressed and the nonstressed
plants, under these environmental conditions, was
unexpected because of the drastic difference in visual
stress symptoms. The minimum ¥; was about —13

bars for the nonstressed plants, whereas that for the
stressed plants was approximately —16 bars. This
difference obviously was important since the stressed
plants wilted severely at solar noon while the non-
stressed plants exhibited no visible wilt symptoms.
Stomatal resistance data (not shown) indicated com-
plete closure only when the leaves were severely wilted.

The 38-bar difference in ¥, bewteen the stressed and
the nonstressed plants reflects differences in soil ma-
tric potential (Fig. 3a). The soil matric potential at
the 15-cm depth for the nonstressed plots was approxi-
mately —0.07 bar. On the stressed plots the soil
matric potential at the 15-cm depth was —0.30 bar.
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Soil monoliths indicated that -at this time most of
the roots were located in the top 30 cm of the soil
profile of both the stressed and nonstressed. plots. A
difference of 0.23 bar at the 15-cm depth resulted in
a 3-bar difference’in W¥,. These data indicate that
soil matric potential had a small affect on the magni-
tude of ¥, '

The diurnal fluctuation in leaf water potential .on
June 1 is presented in Fig. 2b. Water was withheld
from the stressed plants for 27 days by the portable

shelters, while the nonstressed plants received 118

mm of precipitation during this period (23 mm oc-

curred May 29 and 80). The day of June 1 was _

cloudless, and R; totaled 727 ly. Leaf water po-
tential rapidly decreased, starting at sunrise, to a
minimum at approximately 1400 and then rapidly

increased after 1700- as the sun was setting.: Leaf

water potential of both stressed and the nonstressed
plants was essentially the same from 0600 to approxi-
mately 0800 when they began to diverge. The minimal

V¥; of the nonstressed plants was approximately —12
bars at 1400. The stressed plants followed a similar

trend with the minimal ¥, approaching 18 bars.

The time lag of the stressed behind the nonstressed .

plants, in terms of increasing leaf water potential,

apparently represented ‘a resistance (rhizosphere re- -

sistance) to the flow of water in the soil-plant system.
These results indicated that ¥, of the stressed plants

lagged about 1 to 2 hours behind that of the non,

stressed plants shortly after sundown.

The soil matric potential distribution on June. 1 .

is shown in Fig. 3b. The soil matric potential of the
nonstressed plots was greater than —0.10 bar through-
out the entire depth of the profile. However, the
soil matric potential of the stressed plots was —0.60
bar at the' 15-cm depth, —0.13 bar at the 45-cm
depth, and then gradually increased with depth to
180 cm. The water table was approximately 160 cm
below the soil surface at this time. The:soil matric
potential: difference  of 0.5 bar between the stressed
and nonstressed plots at the 15-cm depth is reflected
in the b6-bar difference in the leaf water potentials
(Fig. 2b). Apparently, the low soil matric potentials
of the stressed plots and the resultant decrease in
the hydraulic conductivity were the major factors
causing the difference between the leaf water poten-
tials of the stressed and.the nonstressed plots. Esti-
mates -of the hydraulic conductivity values for the
surface layer of this soil indicate the difference be-
tween the stressed and the nonstressed was three
orders of magnitude. This agrees with the theoretical
predictions of Lang and Gardner (17).

The diurnal fluctuations of the leaf water potential
and the microclimatological ‘data for :June 15 are
presented. in Fig. 2c. The general:diurnal patterns
were closely related toincoming energy and seem
independent of soil: matric potential. Leaf water
potential - changed from - —1. bar - before - sunrise . to
approximately —16 bars at 1500, and then-increased
as the sun.set for both the stressed and: nonstressed
plants.  The difference 'in the matric potential dis-
tribution between the. stressed -and nonstressed plots

as- a result of irrigation -is shown in:Fig. 3c." The

nonstressed plots were irrigated June 14 with 5 ‘cm
of water. The soil matric potential was. —0.07 :bar

at the 15-cm .depth, slightly decreased at .the 30-cm
depth, and then paralleled the stressed plots through-
out the rest of the profile. The soil matric potential

~at the 30-cm depth of the stressed plots was approxi-

mately —0.30 bar. The difference in soil’’
potential in the surface layers-on June 15 did no
substantially affect ¥;. These results indicate that

..y at this stage of growth and in this range of soil

matric potential was essentially independent of the
soil matric:“potential and more dependent on R;

~, On June 15.at 1600, a vapor pressure deficit of 22

mbars was measured. The combination of the:large
VDP and R;“masked the influence that thei’soil

.matric _potential might have: had on: the: magnitude

of ¥, However, the effect of ‘plant maturity on ¥,
cannot be discounted,” because these data“were col-

~lected. 18.days after tassel emergence.- -

DISCUSSION

The data“:sho/fw the dependence of leaf waterpoten
tial ‘on the ‘energy flux which, in" turn; influences the

. rate of transpiration:” Because the resistance to water

movement in the plant and the soil are finite, the
““plant did not absorb water fast enough to replace
-that lost by transpiration; although the water:potential

gradient in the plant increased and the soilmatric -
potential was very high. This gradient reflects the
balance between environmental demand and the rate

“of ‘water extraction which is controlled by the root
. system. At sunset when the evaporative demand was
- low, the large gradient decreased as water moved.into

the leaf.and ¥, incredsed quite rapidly.

Since ¥; controls growth (cell elongation), the
diurnal pattern of the: growth rate is apparent.
These results confirm that most corn growth is at
night when the radiation load is minimal and growth
essentially stops during the daylight hours. Acevedo,
Hsiao, and Henderson (1) have shown that the elon-
gation rate of the corn leaf decreased linearly as ¥
decreased and was. essentially zero at ¥; — 7.0
bars. Boyer (4) and Hsiao, Acevedo, and Henderson
(14) have shown that corn leaf elongation ceased
at approximately ' ‘thi§ same V.

Based. on:this value of ¥y, the corn leaf growth
rate” decreased considerably as the sun rose;” almost
stopped by 0800, and did not resume till almost sun-
set. Using these“data, a representation of the diurnal
changes in ¥y, similar to that for sunflower (Hel-
ianthus annuus L.) by Boyer (2), can be schematically
developed for corn. The upper limit of ¥; for a
well-watered plant is probably about —1.5 bars and
the - lower limit: between =18 -and: =20 bars -under
high radiation loads; and -the growth  rate zero. . at
¥y .= 7.0 bars;::The influence of light:intensity
on leaf -elongation of a: well:-watered corn plant has
been - shown:by Hsiao: et al.. (14).:The decrease in
growth rate at high: light intensities: is' probably due
to increased. transpiration that' changes leaf: water
balance and: Wy, .0 oo v Ll D ol

- These data’ show' a'wide diurnal range of ¥; even
for well-watered plants. - Minimal values of “~18 to
+-20.bars, at'midday-after tasseling, indicate the im-
‘portance of radiant energy flux‘whenssoil water stress-

‘es are-minimal. Leaf water potentials ot this magni-
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Fig. 4. Minimum leaf water potential of well-watered corn as
a function of plant age.

tude have had a substantial effect on certain physio-
logical processes (4, 5). Although laboratory and field
data may differ quantitatively, the qualitative rela-
tionships are probably valid. These results indicate
that microclimatological stresses can dominate the
magnitude of ¥, with soil water conditions having a
small effect.

Little information is avaiiable on the influence
of the stage of plant development on ¥;. The rela-
tionship of minimal ¥; for the nonstressed corn plants
has been plotted as a function of time (Fig. 4). Prior
to tassel emergence, the minimal ¥, at the same energy

indicate the need for careful evaluation of plant
water stress throughout the entire growth cycle.

. ———,and ———.
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