Protected Horticulture and Plant Factory, Vol. 24, No. 1:13-20, March (2015)

DOI http://dx.doi.org/10.12791/KSBEC.2015.24.1.013

pISSN 2288-0992
elSSN 2288-100X

Influence of Short-term Application of Abscisic Acid in Nutrient Solution on

Growth and Drought Tolerance of Tomato Seedlings

I1-Seop Kim'*, Ngoc-Thang Vu', Hoang-Tung Vo?, Ki-Young Choi’, and Young Shik Kim*

Department of Horticulture, Kangwon National University, Chuncheon 200-701. Korea
’Department of Medical Biotechnology, Kangwon National University, Chuncheon 200-701, Korea
*Department of Controlled Agriculture, Kangwon National University, Chuncheon. Korea
*Department of Plant and Food Sciences, Sangmyung Univ.Cheonan 330-720, Korea

Abstract. This study was conducted to evaluate influence of short-term application of abscisic acid (ABA) in nutri-
ent solution on growth and drought tolerance of tomato seedlings. The treatments included four ABA concentrations
(0.5, 1, 2, 3mg-L™") and control (non-treatment) were applied to the nutrient solution in a hydroponic system. On the
5" and 10" day after growing in the nutrient solution containing ABA, seedlings were transferred to -5 bars of PEG-
8000 in a growth chamber to induce water stress. Except for stem diameter and fresh and dry weight of root, there
were no statistical differences in other growth parameters among control, 0.5 and 1mg-L! of ABA treatments. Seed-
lings growths were strongly inhibited in nutrient solution containing 2 and 3mg-L™" of ABA. The root growth such as
fresh and dry weigh of root, total root surface area, and average root diameter was slightly enhanced in 1mg-L™" of
ABA treatment. The elevation of ABA concentrations in nutrient solution resulted in the decrease in transpiration
rate and increase in stomatal diffusive resistance and leaf temperature of tomato seedlings. The initiations of seed-
ling wilting after treating in -5 bars of PEG were delayed from 10 hrs in control to 30 hrs in ABA applied treat-
ments. Additionally, the high percentages of recovered seedlings were observed in 0.5 and Img-L™" of ABA
treatments after re-irrigation. Therefore, short-term application of 1mg-L™' of ABA in the nutrient solution stimu-
lated the root growth and drought tolerance of tomato seedlings by delaying the start time of wilting point and
enhancing the recovery after re-irrigation.

Additional key words : hydroponic system, root morphology, stomatal diffusive resistance, transpiration rate,

water stress

Introduction

Abscisic acid (ABA) is an important signaling hormone
which makes resistance and adaptation in plants against
various abiotic stress conditions (Bakhsh et al., 2011; Li et
al., 2010). ABA protects plants from water stress damage
by inducing stomatal closure (Li et al., 2000) and increas-
ing hydraulic conductance for water movement from roots
to leaves (Ludewig et al., 1988; Zhang et al., 1995). Addi-
tionally, ABA has been reported to improve drought toler-
ance in various plant species, including Tradescantia
virginiana L. (Frank and Farquhar, 2001), Pinusbanksiana
L. (Rajasekaran and Blake, 1999), and Capsicum annuum
L. (Leskovar and Cantliffe, 1992). Generally, ABA is
regarded as an inhibitor of shoot and root growth of plants
(Munns and Cramer, 1996). However, under certain condi-
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tions low concentrations of ABA applied either to intact
roots, root segments, or excised roots growing in liquid cul-
ture has been found to stimulate the plant growth (Pilet,
1983; Pilet and Rebeaud, 1983; Takahashi et al., 1993). In
addition, Pilet and Barlow (1987) reported that high or low
concentrations of ABA can either inhibit or stimulate root
growth, respectively.

The importance of ABA in stress regulation is widely
recognized for a long time. While ABA can be produced
in the roots of many plants and is transferred through the
xylem to the leaves when the plant is exposed to low
moisture conditions (Jiang and Hartung, 2008), informa-
tion about the effect of the application of ABA in nutri-
ent solution on growth and physiology and alleviation in
drought stress of tomato seedlings is limited. Therefore,
the objective of this study was to examine effect of short-
term ABA application to the nutrient solution on the
maintaining of the quality of tomato seedlings in water
stress condition.
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Materials and Methods

1. Plant materials and growing conditions

Seeds of ‘Dotaerang Dia’ tomato were sown in the 128-
cell plug trays filled with commercial growing substrate
(BM2, Berger Group Ltd, Canada). Twenty-five days after
sowing, the seedlings were transplanted to a hydro-
ponic(NFT) system in a plastic house at Kangwon National
University from June to July 2014. The nutrient solution
was adjusted to EC 1.5dS'm™ by using 1g-L™" of ‘Wonder
Grow’(Chobi Co., Ltd., Korea) fertilizer, consisting per-
centage of N: P: K: Mg: B: S: Mn: Fe: Zn such as 10: 8:
25:2:0.1: 5: 0.05: 0.05: 0.01, respectively.

2. ABA application and water stress treatment

Four ABA concentrations (0.5, 1, 2, and 3mg-L™") and
control (non-treatment) were applied to the nutrient solu-
tion in the DFT system (Fig. 3-A). On the 5th and 10th day
after transplant to the hydroponic solution containing ABA
with various concentrations, seedlings were transferred to -
5 bars of PEG-8000 (Sigma-Aldrich, Co., St. Louis, MO,
USA) in a growth chamber (Hanbaek Co., Ltd., Bucheon,
Korea) to induce water stress. The osmotic pressure was
selected in various osmotic pressures (-1, -5, -10, -15 bars)
of our pre- experiments (Data not showed). Sixty hours
after treating in -5 bars of PEG solution, the seedlings were
re-irrigated by transferring to the normal nutrient solution.
Growth chamber conditions were as follows: relative
humidity was maintained at 40-50%; light intensity was
approximately 100 mmol-m s~ PFD provided by fluores-
cent lamps (Orex Co., Ltd., Goyang, Korea); temperature
was set at 25°C. The osmotic pressure (OP) of PEG-8000
solution was calculated by equation (1) according to
Michel (1983).

OP=129xC*xT-140xC*-4.0xC (1)
Where C = PEG concentration; T = Temperature (25°C).

3. Data collection and analysis

On the 10 days after transplant to the hydroponic solu-
tion with various ABA concentrations, the seedlings were
evaluated for growth and physiological characteristics. The
growth measurements included the seedling height (cm),
number of leaves, leaf area (cm?) by leaf area meter (Area
meter, Delta-T, UK), leaf chlorophyll content by using a
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chlorophyll meter (SPAD-502, Minolta, Japan), and fresh
and dry weights of shoot and root. The dry weight of shoot
and root were taken through oven-dry method at 80°C for
72 h until constant weight was achieved. The T/R ratio
(shoot dry weight/root dry weight ratio) and compactness
(shoot dry weight/plant height) were calculated according
to Kim et al. (2008).

The root morphology such as total root surface area, total
root length, average root diameter, and number of root tips
was analyzed using Epson 10000XL scanner equipped with
the WIN MAC RHIZO V 2009¢ program (Regent Instru-
ments Inc., Canada) according to Arsenault et al. (1995).
The roots were detached from their shoots and then placed
in a tray (40 cm length x 30cm width x 2cm height) with
water.

The physiological characteristics such as stomatal diffu-
sive resistance, transpiration, and leaf temperature were
assessed with an LI-1600 steady state porometer (LI-COR,
Lincoln, Nebraska, USA) for the 4" leaf from the top of 5
plants of each treatment. Data were collected between
11.00-13.00 hrs.

The wilted or recovered seedlings were calculated when
75% of leaves per seedling withered or recovered, respec-
tively.

The experiments were arranged in completely random-
ized design. For the statistical analysis of growth and phys-
iological parameters, six seedlings per treatment were
randomly selected. Data were analyzed using SASv.9.3
software (SAS Institute Inc., Cary, NC, USA). Mean sepa-
rations were calculated using Duncan’s multiple range test
at P <0.05.

Results and Discussion

1. The effect of short-term application of ABA to
nutrient solution on growth characteristics of tomato
seedlings

The changes of the plant growth characteristics to ABA
treatment are given in Table 1, 2 and Fig. 1. Plant height
and stem diameter of tomato seedlings were significantly
decreased with ABA concentration. These results agree
with previous reports that ABA acts as an inhibitor of shoot
growth (Munns and Cramer, 1996). In this study, the tall-
est plant height and thicker stem diameter were observed in
the control, but for the plant height the difference was not
statistically significant among the control, 0.5, and 1mg-L™!
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Table 1. Effect of ABA concentrations in nutrient solution on growth characteristics of tomato seedlings at 10 days after treatment.

ABA Plant Stem Leaf Leaf Leaf Leaf
(mg/L) height diameter No. of leaves length width chlorophyll value area
(cm) (mm) (cm) (cm) (SPAD) (cm?)

0 (control) 20.38a* 7.85a 8.00 a 2270 a 16.15a 4131 a 33533 a

0.5 1931 a 7.08 b 7.63 ab 20.51 ab 14.59 ab 4129a 306.75 a

1 19.13 a 7.14b 8.00 a 21.00 ab 15.11 ab 40.18 a 311.75a

2 1731b 6.93b 725b 20.65 ab 14.09b 39.85a 240.75 b

3 17.25b 6.40 ¢ 7.00 b 19.25b 1274 ¢ 39.50 a 216.75b

“Mean separation within columns by Duncan’s multiple range test at P = 0.05.

Table 2. Effect of ABA concentrations in nutrient solution on fresh and dry weight of shoot and root, T/R, and compactness of tomato

seedlings at 10 days after treatment.

ABA concentration (mg/L) Fresh weight (2) Dry weight (¢) T/R ratio” Compactness’
Shoot Root Shoot Root (mg/cm)
0 (control) 26.41 a* 391b 198 a 026 b 7.62 a 9.71a
0.5 2574 a 4.08b 1.80 a 025b 734 a 932a
1 2472 a 489a 1.85a 030a 6.14b 9.65a
2 1795b 4140 1.34b 023 ¢ 591b 7.75b
3 16.64 b 377c¢ 1.17 ¢ 022¢ 5.63b 6.80 b

“T/R ratio = Shoot dry weight/root dry weight.
YCompactness = Shoot dry weight (mg)/plant height (cm).

*Mean separation within columns by Duncan’s multiple range test at P = 0.05.

ABA treatments. For the stem diameter, no statistical dif-
ferences were observed in the 0.5, 1, and 2mg- L™ treat-
ments, but all were lower than the control. The height and
stem diameter decreased at 2 and 3mg-L™' ABA concentra-
tion.

The inhibition of leaf growth by ABA was reported in
many papers (Alves and Setter, 2000; Carrow, 1996; Sharp
et al., 1994). Thus not surprisingly in this study, the leaf
number, leaf length, leaf width, and leaf area decreased
with increasing ABA concentration. The leaf number and
leaf area, however, were similar in the control, 0.5, and
Img:L™", but significantly decreased in the seedlings
treated with 2 and 3mg-L™" of ABA. There was no statisti-
cally significant difference observed in the leaf length
among control, 0.5, 1, and 2mg-L™" of ABA, but a signifi-
cant decrease was found in the 3mg-L™' treatment. The leaf
width was similar in seedlings treated with 0.5, 1, and
2mg-L™" of ABA, but lower than that in the control. The
lowest value of leaf width was observed in seedlings
treated at 3mgL™' of ABA. Leaf chlorophyll value
decreased with increasing ABA concentration. The highest
value of chlorophyll content was observed in seedlings in
the control and the lowest value was observed in the
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3mg-L™! treatment. These results agree with Farooq and
Bano, (2006) and Igbal et al. (2010) who observed that
ABA application causes decreases in chlorophyll contents
in wheat, mungbean, and chickpea plants. However, in this
study the differences in the chlorophyll values were not sta-
tistically different in all treatments (Table 1).

ABA added to the nutrient solution of intact plants
causes a greater inhibition of shoot growth than root
growth (Creelman et al., 1990; Robertson et al., 1990), and
sometimes it causes a sustained increase in root growth
(Biddington and Dearman, 1982; Watts et al., 1981). In this
study, the fresh and dry weight of shoot decreased with
increasing ABA concentration. However, there were no sta-
tistical differences between the control, 0.5, and 1mg-L™"' of
ABA treatments, but it decreased with ABA concentration
of 2 and 3mg-L™". The highest value of fresh and dry
weight of root was observed in the Img:-L™" of ABA treat-
ment (Table 2). The root weight increase may be caused
indirectly by ABA inhibiting shoot growth, thus resulting
in a redistribution of assimilates to the roots. Alternatively,
ABA may actively promote root growth and in so doing
direct the movement of metabolites away from the grow-
ing point of the shoot to the root. These results agree with
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Fig. 1. Effect of ABA concentration in nutrient solution on (A) transpiration rate (mgH,0-cm™s™), (B) stomatal diffusive resistance
(s-em™), and (C) leaf temperature (°C) of tomato seedlings at 10 days after treatment. Vertical error bars represent standard errors (n=6).
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Fig. 2. Effect of ABA concentrations in nutrient solution on root morphology of tomato seedlings at 10 days after treatment. (A) Total
root surface area (cm?), (B) total root length (cm), (C) average root diameter (mm), and (D) number of root tips of tomato seedlings.

Vertical error bars represent standard errors (n=6).

Abou-Mandour and Hartung (1980) who also shown that
ABA increases the weight of adventitious roots on the
hypocotyls of Phaseoluscoccineus seedlings. The seed-
lings treated with 0.5 and Img-L™' ABA were similarly
compact as in the control, but the compactness decreased in
the 2 and 3mg-L" treatments. The T/R ratio decreased with
ABA concentration (Table 2), similarly as reported for the
root to shoot dry weight ratio of Capsicum annuum and
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Zea mays (Watts et al., 1981).

The transpiration rate decreased significantly with
increasing ABA concentration, while the stomatal diffu-
sive resistance and leaf temperature increased (Fig. 1),
which agrees that ABA induces stomatal closure, resulting
in decreased transpiration (Arteca et al., 1985; Mansfield
and Jones, 1971; Mittelheuser and Van Steveninck, 1969).
Jones and Mansfield (1972) also showed that ABA reduces
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transpiration in barley (Hordeumvulgare L.). Moreover,
Takahashi et al. (1993) reported that the leaf temperature of
upper, middle, and lower leaves of tomato plants increased
with increasing ABA concentration in the culture solution.

2. The effect of short-term application of ABA to nutri-
ent solution on root morphology of tomato seedlings

The changes in root morphology in response to ABA
treatment are summarized in Fig. 2. The total root surface
area, total root length, average root diameter, and number
of toot tips were significantly different among the various
ABA treatments. Compared with control, the total root sur-
face area increased at 0.5, 1, and 2mg-L™' of ABA, but
decreased in seedlings treated with 3mg-L™' of ABA. The
highest value of total root surface area was observed at
Img-L™" of ABA. The total root length increased at 0.5 and
Img-L™" of ABA, but decreased at 3mg-L™' of ABA. The
decrease in the total root length may be caused directly by
ABA inhibition of the root development. These results
agree with Liao et al. (2008) who found that ABA expo-
sure at low concentration (0.51M) increased the root length
and at higher concentrations (1 and SuM) the root length
decreased in mutant soybean plants. Moreover, it has been
previously shown that ABA does not increase the length of
the roots (Gaither et al., 1975; Watts et al., 1981; Yamagu-
chi and Street, 1977). The highest value of the average root
diameter was observed at Img-L™' of ABA, while it was
similar in the control or 0.5, 2, and 3mg-L™" of ABA. The
number of root tips increased with ABA treatment, but
decreased with high concentration (Fig. 2), which is simi-
lar with the results of Biddington and Dearman (1982) who

reported that the most obvious effect of ABA on cauli-
flower root growth was to increase the number of lateral
branches and to increase both the number and length of the
root hair.

3. The effect of short-term application of ABA to
nutrient solution on drought stress of tomato seedlings

ABA accumulation protects plants from drought damage
by inducing stomata closure to reduce water loss via tran-
spiration (Borel et al., 1997; Li et al., 2000) and increasing
hydraulic conductance for water movement from roots to
leaves (Ludewig et al., 1988; Zhang et al., 1995). In this
study, the application of ABA in nutrient solution enhanced
the drought tolerance of tomato seedlings by delaying the
starting time of wilting point under drought conditions and
enhancing the recovery after re-irrigation. The starting time
of wilting point was observed at 10 hrs in the control treat-
ment, but it was observed at 30 hrs in all ABA treatments.
The 100% of wilted plant was observed in the control treat-
ment after 20 hrs of water stress, but it was observed at 40
hrs in treated seedlings with 2 and 3mg-L™" of ABA for 5
days and at 50 hrs in other ABA treatments. The seedlings
grown in nutrient solution with ABA for 5 days, 83.3% and
66.7% of surviving seedlings were found in the 0.5 and
Img-L™" treatments after re-irrigation, while no surviving
seedlings were found in the control, 2 and 3mg-L™' of ABA
treatment. In the seedlings grown in nutrient solution with
ABA for 10 days, the highest recovery of the seedlings
post re-irrigation was observed in the 0.5 and Img-L™
ABA treatments. The seedlings in the 2 and 3mg-L™" of
ABA treatment had 66.7% and 50% survival seedlings,

Table 3. Effect of ABA concentrations in nutrient solution on drought tolerance of tomato seedlings grown in nutrient solution with ABA

for 5 and 10 days.

ABA treating

Percentage of wilted plant after treating in -5 bars of PEG

Duration ABA Recoyered seedlings. after 2
(days) (mg/L) 10 hours 20 hours 30 hours 40 hours 50 hours  days in normal solution (%)
0 (control) 333 100 100 100 100 0
0.5 0 0 16.7 50.0 100 83.3
1 0 0 16.7 66.7 100 66.7
: 2 0 0 333 100 100 0
3 0 0 50.0 100 100 0
0.5 0 0 16.7 50.0 100 100
10 1 0 0 16.7 50.0 100 100
2 0 0 333 83.3 100 66.7
3 0 0 333 83.3 100 50.0

Al - A2SH, 242 HM15 20154
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Fig. 3. Views of tomato seedlings in experimental hydroponic system (A). Tomato seedlings 10 days after treatment with ABA (B). Roots

of tomato seedlings at 10 days after treatment with ABA (C).

respectively (Table 3). These results agree with those of
Waterland et al. (2010) who reported that both spray and
drench applications of 500mg-L™" of ABA on a variety of
popular bedding plants delayed the time to wilting as much
as 3 days for marigolds and 4 days for petunia. Moreover,
pansy maintained higher turgor when receiving ABA as a
spray, whereas other crops, including petunia and impa-
tiens, were more receptive to drench applications.

In conclusions, the application of ABA in the nutrient
solution enhanced the drought tolerance of tomato seed-
lings by delaying the start time wilting point and enhanc-
ing the recovery after re-irrigation. Short-term application
of Img-L™" of ABA in the nutrient solution stimulated the
root growth and drought tolerance of tomato seedlings.
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ENIE S2IH0M E7|Z2F ABAXZ|7} 22E D} XL Mo O|X|= A&t

TEERELE IR SCE R PR

ySiesta Qeslat, 2 Achska Sy e, Athska A s, Sgguistn A2 AE

2. A3S WRE ABAXEZL ErtE Bo] AT Ak, 71F A B dx el viXe 9%
AES] ete] AT AP 2597 S EFlolox] §HI ErfE BE 7lo] SAAM] 7)Ed)
lo] ol §H3PAAM ABAXE] a3l Ax WS AESIL wjdde] ABAZ 05, 1, 2, & 3mgL™!
o] FEE It i Artel FAETE AASK] sU7 1087 FAEES F B, G, S, V)
i AFEE AT A2 WS HESH] 98t g 2E#l: A= PEG 8,0005 ©]-831 -Sbar=
gt IAHESQE &9loll ABAXE] AFo] BE o]gt H, He| 91x AEE ARIT AFE(0.59F ImgL™)
o] ABAXE TN HAES BAS Al o] AsoM BAA fofxke vehbA] ke, 29
3mgL7'e] FEAAME AR Aol AAEITE THFEY AL ImgL ' XA ¥Ele] 1E
T AT, AR, 2, 274, root tipF EF7F )Xo E FTIEoH, 1 99 MR 45
o] ASARE AQsla= 727 o7k YepA] 4ith. ABAXE] s=r) 715l wet 71EEht 3
& 7RIl e Ashe AES BHAth T, ABAMEIE B 1z WS T7MAIA ABAZE F7HE )
FAfA] 59 = 10Y3F FEE BE -Sbar 8 APFRIAS AS tiERTE AESE 10AKF $HE 5
27t AlRES] 20717 Folls BE AAIZE FSIGoH, ABAAEITE X 3041 $HE Y327t Al
o] 50AIzto] Ashxor e AV AXEJTE B, 7E SEdSA R 9" BE ABTEIE B¢
ABA 059} ImgL AT 100%, L ol F& HYFAAME 50%01d sEEHANOY, FATe] B9~
ZAANAZE AR oPde] AR EntE SEAFX AFES] ABAXEE B9 ZdNY] A% =317 A
Z WA T 7FsAel AR, 4dE 282 flsiie 371 HEZ e Rlog ddkEd)

O o 12
1>
ol

Lo

BN ol

F71EAR] A, B, 713t AR, S, 8 2B

Protected Horticulture and Plant Factory, Vol. 24, No. 1, 2015



