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Abstract. This study was conducted to determine the effect of various flooding du-
rations on the growth, water relations, and photosynthesis of the snap bean (Phaseolus
vulgaris L.). Greenhouse-grown plants of CV. Blue Lake 274 were flooded for 0 (con-
trol), 1, 3, 5, or 7 days. Leaf water potential (ψ), (ψ), stomatal conductance (gs), transpir-
ation (E), and net photosynthesis (Pn) were measured at the completion of the flooding
period and after recovery for 7 days. Root, stem, and leaf dry weights were recorded
after plants were allowed to recover from the flooding stress for 7 days. The values
for ψ, ψ, g s, E, and Pn decreased quadratically with the increase in the duration of
flooding. The Pn of plants flooded for 1 day was 17% lower than that of the control
and it reached near zero in plants flooded for 7 days. The decrease in Pn after 1 day
of flooding was not associated with ψ ψ or gs; however, for longer duration of flooding,
Pn decline coincided with the decline in gs. A week after the cessation of flooding, the
level of recovery in ψ, ψ, E, and Pn was linear and that in gs quadratic to the duration
of prior stress experienced by the plant. However, after recovering for 7 days, none
of the flooded plants regained gas exchange activities at par with the control. The
relationship of stem dry weight to duration of flooding was linear, while a quadratic
model provided the best fit for the regression of root and leaf dry weight on the number
of days of flooding. Overall, even 1 day of flooding reduces photosynthesis in snap
bean and causes a decrease in dry weight of the plant. the extent of decrease in both
increasing with the duration of flooding.
Flooding of vegetable fields may last from
a few hours to several days, depending on
the severity of the contributing factors. The
extent of injury to a crop depends on its sus-
ceptibility to and the duration of flooding
(Kramer, 1951). The affected plants exhibit
reduced root growth, a slower rate of dry
matter accumulation, and low or no yield
(Hozumi, 1966; Inden, 1956; Lopez and del
Rosario, 1983; Trought and Drew, 1980;
Van't Woudt and Hagen, 1957). Flooding
results in a partial to complete closure of
stomata (Jackson et al., 1978; Sojka and
Stolzy, 1980). Bradford and Hsiao (1982)
suggested that roots influenced the stomatal
behavior of flooded tomato (Lycopersicon
esculentum L.) plants. The response of snap
bean to flooding is not well-understood. The
results of preliminary work by Singh and
Tucker (1988) and Lakitan and Wolfe (1988a,
1988b) indicate that flooding reduces growth
and gas exchange in snap bean. Our study
was conducted to determine the effects of
flooding duration on gs, E, ψ, Pn, and sub-
sequent root, stem, and leaf growth in snap
bean.
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The first experiment was planted in a
greenhouse at Fort Valley, Ga., on 8 Mar.
1988. The greenhouse was held at 26 ± 3C/
20 ± 2C, day/night, respectively. Three seeds
of ‘Blue Lake 274’ snap bean were planted
in each of 75 three-liter pots filled with Do-
than sandy loam soil (fine loamy, siliceous,
thermic, Plinthic Paleudtdt). Seedlings were
thinned to one plant per pot upon emergence.
Plants were watered daily and fertilized twice
a week by mixing 20N–10P–20K soluble
fertilizer in the irrigation water until the start
of flooding treatments. The experimental
treatments consisted of five flooding dura-
tions: 0 (control, T0), 1 (T1), 3 (T3), 5 (T5),
and 7 days (T7). Each flooding treatment
was applied to 15 pots. The flooding treat-
ments were started 27 days after planting.
The flooding conditions were created by
placing the 3-liter pots with plants into plas-
tic-lined 4-liter pots filled with water. At the
completion of flooding, experimental pots
were removed from the plastic-lined pots and
allowed to drain. The pots in each flooding
treatment were allowed to recover from
flooding stress for 7 days. The flooding stress
was started with T7 plants followed by T5,
T3, and T1 treatments at 2-day intervals. This
enabled all flooding treatments to finish si-
multaneously. The pots were placed on
greenhouse benches in a completely random-
ized design. Out of 15 pots per flooding
treatment, five were used to measure gas ex-
change and plant growth. The remaining 10
pots were used for ψ measurements. Since
ψ measurements involved the destructive
separation of leaves from plants, data were
recorded from five pots at the completion of
flooding treatments and on the remaining five
pots upon 7 days of recovery.

The gas exchange measurements were re-
corded twice, first upon the completion of
flooding and after the 7 days of recovery.
After the second gas exchange measure-
ments, the plants were harvested for vege-
tative growth measurements that consisted of
leaf count and area, root volume, and root,
stem, and leaf dry weight on a per-plant ba-
sis, The roots were separated from the soil
by gently washing the soil core with water.
The root volume was determined by im-
mersing roots into a partially filled graduated
cylinder and then recording the resulting water
displacement. All plant parts were dried at
65C for 5 days before their dry weights were
recorded.

The measurements for gs, E, and Pn were
made from the two uppermost fully ex-
panded leaves per plant using a portable leaf
chamber analyzer (Analytical Development,
Huddleston, England). Data collection was
carried out in the morning hours with photon
flux densities of 1040 to 1090 µmol·s-1·m-2.
Air flow through the system was 400
ml·min-1. The leaf area was measured with
an automatic leaf area meter (Model AAM-
5, Hayashi Denko Co., Tokyo). A pressure
bomb (Model 3005, Soil Moisture Equip-
ment Corp., Santa Barbara, Calif.) was used
to measure ψ of the two uppermost fully ex-
panded leaves per plant.

A second experiment was planted on 23
Mar. 1989. The experimental procedures and
data recording used in this experiment were
identical to those in the experiment con-
ducted during 1988. The experiment ×
treatment interaction was not significant;
therefore, data from both experiments were
combined and analyzed using regression and
correlation analyses.

The values for ψ, gs, E, and Pn decreased
quadratically with the increase in the dura-
tion of flooding (Table 1). The ψ of T0 plants
was more than three times that of T3 plants.
Plants from T1 had 17.4% higher gs and
23.5% higher E than those from T0. How-
ever, gs and E of T3 plants declined to 0.02
and 0.87 mmol·m-2·s-1

, respectively, as
compared to 397 and 7.10 mmol·m-2·s-1 for
T0 plants. The Pn of T1 plants was 17%
lower than for T0 plants. Three days of
flooding lowered Pn by 84%, and T7 plants
ceased photosynthesizing. Pezeshki and
Sundstrom (1988) observed that gs in pepper
(Capsicum annum L.) declined by 88% after
2 days of flooding. Brix (1962) and Pezeshki
and Sundstrom (1988) have reported a rapid
decline in Pn due to flooding in tomato and
pepper, respectively.

A week after the cessation of flooding, the
level of recovery in ψ, E, and Pn was linear
and that in gs quadratic in relation to the
duration of the prior stress experienced by
the plant. However, after recovering for 7
days, none of the flooded plants regained gas
exchange activities at par with the control.

The relationship of stem dry weight, leaf
count, and leaf area to the various durations
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of flooding was linear (Table 2). A quadratic
model provided best fit for the regression of
root and leaf dry weight and root volume on
the number of days of flooding. Root volume
and root dry weight of T1 plants was reduced
by >50% relative to T0 plants. We noted
that stressed plants had considerably fewer
lateral roots than the control. The lower leaf
count and leaf area in plants subjected to
flooding was primarily due to the senescence
of the large lower leaves.

The gs and ψ exhibited a positive corre-
lation (r = 0.62), indicating that 38% (r2 =
0.38) of the sum of the squares of gs can be
attributed to variation in ψ (Steel and Torrie,
1980). However, the magnitude of the coef-
ficient of determination suggests that other
factors, along with ψ, may be involved in
controlling stomatal closure. Jackson and Hall
(1987) have attributed early stomata] closure
(after 24 hr) in pea (Pisum sativum L.) to
increases in the concentration of endogenous
abscisic acid in the leaf due to inhibition of
its transport to flooded roots. The correlation
coefficient of 0.94 between gs and E indi-
cated that E of flooded plants declined mainly
due to stomatal closure. Bradford and Hsiao
(1982) and Jackson and Hall (1987) have
reported stomatal closure as the cause of E
reduction in tomato and pea, respectively.
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The correlation coefficient between gs and
Pn was 0.84. However, as noted earlier, after
1 day of flooding, while gs increased, Pn
decreased. Apparently, the Pn decline after
1 day of flooding was independent of the gs

reduction and the association of Pn with the
decrease in gs was manifested at a later time.
Additional study would be required to de-
termine the relative magnitude of stomatal
vs. nonstomatal factors controlling Pn under
flooded conditions.

We conclude from this study that flooding
affects Pn before gs or ψ in snap bean. How-
ever, as duration of flooding increases, Pn
decline becomes closely linked with decline
in gs. The plants recover slowly after flood-
ing-stress removal; ψ and gas exchanges of
stressed plants remain significantly lower than
the control even after recovering for 7 days.
Flooding decreases root and shoot growth in
snap bean.
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