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Abstract 

A rapid water stress (RWS) and recovery 

treatment and two levels of a slow water stress 

(SWS) treatment (rewatering at 50 and 25% of 

control water use) were applied to one-year-old 

peach trees (Prunus persica, L., Batsch, cv. 

Redhaven'/'Halford') under greenhouse condi 
tions. Growth, growth rates, leaf water poten 

tial components, and stomatal conductance were 

observed. Occurrence of statistical differences 
between treatments was used to determine sen 

sitivity to stress. Total leaf water potential was 
0.18MPa less than control for the stress trees 
after one week of RWS. Leaf emergence was 
more sensitive than leaf or shoot growth; how 

ever, leaf growth rates recovered first after 
rewatering. Leaf emergence, leaf length, and 
shoot length were reduced by 80, 77, and 65% 
respectively. Available soil water declined to 40 

and 20% of the control for the 50 and 25% SWS 

treatments. Leaf emergence, leaf growth, shoot 
extension, and trunk diameter were reduced by 

58,82,56,76, and 64% for the 50% treatment, and 
50, 75, 36, 57, and 39% for the 25% treatment, 

respectively. Significant reductions in stomatal 

conductance followed with the reductions in 

growth within 2-7 days for the SWS experiment. 

Additional index words: trickle irrigation, irri 

gation scheduling, water relations, water poten 

tial, stomatal conductance. 

Introduction 

Irrigation of peach orchards in tem 

perate areas has become economically 
Feasible with drip irrigation. Schedul 
ing drip irrigation according to Class 

A pan evaporation (E pan) or soil 

water status are relatively easy meth 

ods (6); however, these methods do 

not account for growth, physiological 
status or water needs of the tree. A 

plant parameter may be used to sched-
ule irrigation, however, it must reliably 

represent tree growth and water status 

of the tree and it must be easy to 
obtain. 

Plant water potential (i/fw) is a reli 
able indicator of the stressed status of 

a plant (9,12). As an indicator of stress 
i/(w of fruit trees was most reliable 

before dawn; whereas, the midafter-
noon ij/w tended to reflect the hot, dry 

environment more than the stressed 
status of the tree (14, 20). Leaf posi 
tion, leaf age, time of day and season, 
and environmental factors were shown 
to influence leaf i/rw (10,14,17). Meas 
urement of stomatal activity has been 

widely used in water stress responses 

of fruit trees (3, 8, 5). Although sto 
matal movement is regulated by the 
turgidity of the guard cells, environ 
mental stimuli, e.g., light, CO2 con 
centrations, vapor pressure deficit (hu 

midity) and temperature influence sto 
matal action (12, 15). 

The goal of this study was to char 
acterize the growth and water rela 

tions responses of 'Redhaven' peach 

trees under a rapid water stress (RWS) 

and a slow water stress (SWS). Under 
standing the sensitivity of the growth 
responses to water stress could aid in 

developing trickle irrigation schedules. 

Materials and Methods 
General. One-year-old peach trees 

(Prunus persica, L., cv. 'RedhavenV 

'Halford) were potted in 19 liter 
containers in a soilrsphagnum moss: 
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sand (2:1:1, V:V:V) mixture, placed in 
a greenhouse, and pruned to two 

branches in September 1981 for the 

rapid water stress (RWS) experiment 

and in April 1982 for the slow water 

stress (SWS) experiment. High irradia 

tion density lamps, cooling fans and 

steam radiator heat were used to 

maintain a 15 h photoperiod, a night 

temperature 17 ± 2°C and a day tem 

perature 30 ± 5°C. A water soluble 

fertilizer (20-20-20) was applied at 250 

ppm nitrogen with alternate waterings. 

Miticides and fungicides were applied 

sparingly as needed. 

The number of leaves (no.) were 

counted from the base of the shoot, 

including every leaf longer than 2 

mm. Leaf length (mm) was measured 

from the petiole base to the leaf tip. 

Shoot length (cm) was measured from 

the base of the shoot to the tip of the 

newest emerging leaf or to the tip of 

the terminal bud. Trunk diameter was 

measured with a digital micrometer 

(Mitutoyo, Japan, Model 193-101, 

range 0-25 ± 0.05 mm) at marked 

locations on the trunk 10-20 cm above 

the graft union. 

Cumulative increases in number of 

leaves, shoot length, and trunk diame 

ter were calculated based on the meas 

urement made on day 1 of each 

experiment. 

Equation 1: C = Mn - M, 

Where: C = cumulative increase 
(mm, cm, or no.) 

Mn = measurement on day n 

(mm, cm, or no.) 

M, = measurement on day 1 
(mm, cm, or no.) 

Rates of leaf emergence, shoot exten 
sion and trunk diameter change were 

calculated for two- to four-day inter 
vals. 

Equation 2: R = Mc ~ MP 

Where: R = growth rate 
(mm, cm, or no. • day1) 

Mc = current measurement 

(mm, cm, or no.) 

Mp = previous measurement 

(mm, cm, or no.) 

n = number of days between 

measurements (day) 

Stomatal conductance (gs) was de 

termined with a steady-state porome-

ter (Li-Cor, Inc., Lincoln, NB, Model 

1600) on the abaxial side of a recently 

expanded leaf. The same leaf was 

used for leaf water potential (i/d) meas 

urements with a pressure bomb (PMS, 

Corvallis, OR) (Scholander et al., 

1965). Then the leaf was sealed in a 

"Ziploc" bag and within two hours 

frozen to -20°C. The leaf osmotic 

potential (i/fs) was determined by dew-

point hygrometry (Wescor, Inc., 

Logan, UT, microvoltmeter = Model 

HT-T 33 and chamber = Model C-52) 

using one thawed 5 mm disc from 

each leaf and a 15 min. equilibration 

time in chamber. Turgor pressure, i/fp, 

was determined from the following 

equation: 

Equation 3: ij/S + i/q? = \ff\ 

If i/fs and 0*1 are known, then 

i/q? = i/fw - i/rs. 

The experiment designs were ran 

domized complete blocks with four 
replications; blocks determined by 
trunk diameter. Each date was ana 

lyzed separately. Significant differ 
ences were determined by a least sig 

nificant difference (LSD) statistic at 
the 0.05 level (18). 

Rapid Water Stress Experiment 
(RWS). A rapid water stress situation 
was created by withholding water until 

the leaves wilted, and the soil water 

tension approached 60 kPa. The num 

ber of leaves, leaf length and shoot 
length were recorded beginning at 
0800 h at three to four day intervals 
during the prestress period, day 1-5 
(October 15-19,1981), during the stress 
period, day 6-16 (October 20-30,1981), 
and during the recovery period, day 
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17-33 (October 31-November 16,1981). 

For the leaf length measurements, 

leaves emerging on day 1, 12 and 22 

were named collectively, Leaf Group 

(LG) A, B and C, respectively. Leaf 

water potential was determined at 

1300 h at three-to-four day intervals 

during the stress period. 

Slow Water Stress Experiment 

(SWS). A simulation of gradual soil 

water depletion was created by re 

placing 100, 50 or 25% of the water 

used by fully watered trees per water 

ing period. During the prestress pe 

riod, every tree received 2 liters of 

water every two to three days for two 

weeks. The volumed drained after 24 

h was subtracted from 2 1 to deter 

mine the amount of water used be 

tween waterings. Average water use 

per tree per watering period was 400 

± 50 ml. Fifty of 25% of the volume 

used (i.e., 200 or 100 ml) was applied 

every two to three days for the stress 

treatments; the control treatment con 

tinued to receive 21. After 16 days the 

volume of water applied to all trees 

was adjusted according to the increas 

ed water use by the control treatment. 

The number of leaves, leaf length, 

shoot length and trunk diameter were 

recorded beginning at 0800 h at two to 

three day intervals from day 1 (May 

20, 1982), two days prior to initiating 

the stress treatments, and were con 

tinued until day 29 (June 19, 1982), 

when the stress was relieved. For the 

leaf length measurements, leaves 

emerging two weeks before day 1, on 

day 1 and on day 12 were named 

collectively Leaf Group (LG) A', B' 

and C, respectively. Stomatal conduct 

ance and transpiration were measured 

at 1000 and 1400 h three times during 

the stress period and one day after 

rewatering. 

Table 1. Effect of rapid water stress (RWS), rewatering, and time (days) on 
the rates of leaf emergence, leaf expansion, and shoot extension. 

zWater was withheld between day 6 and 16. 
yMean separation within time of LSD, 5% level. 
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LEAF GROUP C 

Figure 1. Effect of rapid water stress, re water 

ing, and time (days) on leaf emergence of 

'Redhaven' peach. Mean separation within 

time by LSD, 5% level. indicates 
period of time where water was withheld. 

Results 

Rapid Water Stress Experiment. In 

creases in the number of leaves, shoot 

length, and leaf length of emerging 

(LG-B) or rapidly expanding (LG-A) 

were reduced by the RWS treatment 
(Fig. 1, 2 and 3). After rewatering, 

leaf growth rate recovered faster than 

leaf emergence or shoot growth rate; 
however, the recovery of leaf emer 

gence rate was more complete (Table 

1). About two weeks elapsed after 

rewatering before the shoot growth 

rate for stressed and control trees were 
similar (Table 1). The length and 

growth rate of leaves emerging after 

rewatering (LG-C) were not affected 

by the stress (Fig. 2 and Table 1). 

On the third day of the stress period, 
i/fs of the stressed trees differed sig 
nificantly from the control trees, but 

i/rp and «/rl did not (Table 2). After one 
week of the stress treatment, ij/p and 
i/fl for each treatment differed signifi 
cantly; however, s did not. 

Slow Water Stress Experiment. The 
50 and 25% watering treatments re 
sulted in a progressive decrease in 
available soil water (Fig. 4). By day 

Figure 2. Effect of rapid water stress (RWS), 

rewatering, and time (days) on the length of 

'Redhaven' peach leaves. Mean separation by 

LSD, 5% level. indicates period of 
time when water was withheld. 

24, the available soil water had de 

creased to approximately 40 and 20$ 

of the control for the 50 and 25% 
treatments, respectively. 

Growth was significantly reduced 

for all stress treatments except shoot 

growth for the 50$ treatment (Table 

TIME (DfiYS) 

Figure 3. Effect of rapid water stress, rewater 
ing, and time on the cumulative increase in 
shoot length of 'Redhaven' peach trees. Mean 
separation within time by LSD, 5% level. 

indicates period of time that water 
was withheld. 
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o 50% REPLACEMENT 

A 2SX REPLACEMENT 

TItiE (DRYS) 

Figure 4. Calculated available water (ml/pot) 
for the 100, 50, and 25% treatments. 

3). The effects were observed 12-16 

days after the treatments were initiated 
(Fig. 5, 6, 7 and 8). The stress was 

sufficient to arrest leaf emergence by 
days 17 and 21 for the 25 and 50« 

treatments, respectively, and shoot 

growth by day 19 for the 25$ treat 

ment (Fig. 5 and 7). The phase of 

rapid leaf expansion was more affected 

by the stress than the emerging phase. 

£ 

q 100% REPLACEMENT 

O 50X REPLACEMENT 

A 25% REPLACEMENT 

12 16 i 

TIME (DflYS) 

Figure 5. Effect of three levels of replacement 
of water used (100, 50, and 25%) and time 
(days) on leaf emergence of 'Redhaven' peach 
leaves. Mean separation by LSD, 5% level. 

LEAF GROUP A' 

100% REPLACEMENT 

50% REPLACEMENT 

25X REPLACEMENT 

Figure 6. Effect of three levels of replacement 
of water used (100, 50, and 25%) and time 
(days) on length of 'Redhaven' peach leaves. 
Mean separation by LSD, 5% level. 

Differences in stomatal conductance 
were observed after the growth of the 

stressed trees was affected by reduced 

water supply (Table 4-6). On day 17, 

stomatal conductance at 1000 h was 
significantly less for the 25$ treatment. 

At 1400 h stomatal conductance for 

both stress treatments were significant 
ly different. One day after rewatering, 

there were no differences in stomatal 
conductance. 

Table 2. Effect of rapid water stress 
(RWS) and time (days) on the osmo 
tic potential (s), tugor potential (p), 
and total leaf potential (1), of Red-
haven' peach leaves. 

Water 

Time2 withheld s? 
(days) (days) Treatment (MPa) (MPa) 

iy 
(MPa) 

6 0 

13 

zNumber of days after initiation of experiment. Water was 
withheld between day 6 and 16. 

VMean separation within time by LSD, 5% level. 
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Table 3. Effect of three levels of replacement of water used (100, 50, and 25%) 
and time (days) on the rates of leaf emergence, leaf expansion, shoot 
extension, and trunk diameter change of 'Redhaven' peach trees. 

Discussion 

Timely and economical irrigation is 
dependent, in part, on determining 
when the plant is under stress and 
needs water. In this study, when a 
parameter changed significantly, the 
plant was said to be under stress, and 
the sooner the change occurred, the 

more sensitive to stress a parameter 

was. Leaf growth rate and leaf emer 

gence rate were more sensitive to 

water stress than trunk diameter 

growth rate, which was more sensitive 
than shoot growth rate (Table 1 and 
4). Newly emerging leaves (LG B and 

LG-C) were more sensitive to water 
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TIME (DflYS) 

Figure 7. Effect of three levels of replacement 
of water used (100, 50. and 25%) and time 

(days) on the cumulative increase in shoot 
length of 'Redhaven' peach trees. Mean sepa 

ration within time by LSD, 5% level. 

stress than leaves which were rapidly 

expanding at the same time (LG A 

andLGB') (Table 1 and 4). 
Indications of recovery from stress 

and the results of cumulative effects 
of stress are equally important as pre 
dicting onset of stress. Leaf growth 

rate parameters recovered sooner and 

more completely from the stress than 

shoot growth rate. For the RWS stress 

treatment and the SWS 25$ treatment, 

the cumulative no. of leaves was re 

duced to 82 and 83% of control, where 
as shoot length was reduced to 68 and 

76% of control. Therefore, no. of leaves 

may be a more reliable and consistent 

indicator of stress and recovery. 

Water relations parameters, stomatal 
conductance and water potential ap 

peared to be less sensitive to water 

stress than the most sensitive growth 
parameters (Table 1-4). Olien and 

Lakso (1988) found similar results with 
field-grown, drought-stressed grape 

vines. Therefore, water relations pa 
rameters may be less reliable as early 

indicators of stress. In addition, it has 
been shown that stomatal conductance 

and water potential are immediately 
influenced by radiation, temperature 

Is-

m 100% REPLACEMENT 

© SOX REPLACEMENT 

A 25% REPLACEMENT 

Figure 8. Effect of three levels of replacement 
of water used (100, 50, and 25%) and time 

(days) on the cumulative increase in trunk 
diameter of 'Redhaven' peach trees. Mean 
separation within time by LSD, 5% level. 

and ambient humidity regardless of 
soil water availability (15). 

The use of plant growth parameters 
as indicators of stress has disadvan-

Table 4. Effect of three levels of re 
placement of water used (100, 50, 

and 25%) and time (days, h) on the 

stomatal conductance of 'Redhaven' 
peach leaves. 

Stress 

Time period 

(days)z (days) 
Treat 

ment 

Stomatal conductance (cm s'^ 

Time (h) 

1000 1500 

1 

12 

17 

28 

-2 

14 

25 

treatments were begun on day 3; stress relieved on day 29. 
y\Iean separation within time (day) and time (h) by LSD; 5% 
level. 
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tages and restrictions. The data can be 
time-consuming to collect. Frequent 

manipulation of the vegetation can in 

flict damage and affect growth (1); 

however, Haun and Coston (11) have 

developed a method and scale for 
visually rating leaf emergence which 
minimized the physical damage. Meas 

urements of linear and diameter 

growth must be made at similar times 

during the day because the diurnal 

shrinking and swelling of plant tissues 

can lead to erroneous assessment of 
real growth (2,11). Even the timing of 

watering relative to the timing of 
growth measurement can affect meas 

urement and detection of true treat 

ment effects (Unpublished results, 

Olien and Flore). In the SWS experi 

ment the rates of leaf emergence and 
trunk diameter growth were affected 

by watering, even when only small 

amounts of water were added (com 

pare Fig. 4 with Fig. 5 and 8). 

These experiments suggest that for 

potted plant studies, RWS type experi 

ments may be less reliable than SWS 

type experiments for predicting the 

best indicators of stress under field 

conditions. Wilting and soil water de 

pletion occurred in seven to ten days 

after the last watering in experiments 

with potted trees (5,19, 20). Soil water 

depletion can require four weeks in an 

orchard (4, 8, 20). The RWS required 

10 days and the SWS 24 days to achieve 

wilting and soil water depletion. 
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