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Abstract

The development of water-wise cultivation systems is critical for the horticulture industry. The
morphological and physiological performance of one-year-old container grown seedlings of three peach
cultivars (Cresthaven, Vivid and Harson) under two deficit irrigation regimes (70 and 50% of field capacity)
for 8 weeks coupled with trinexapac-ethyl (TE) foliar sprays at 0.25, 0.5 and 1 ml/l (11.3%) was evaluated.
There were significant reductions in leaf number and leaf area, plant dry weight, root dry weight, plant
height, photosynthetic rate, stomatal conductance, transpiration rate, leaf midday water potential and relative
water content and the evapotranspiration rate in the three cultivars during deficit irrigation levels of 70 and
50%. Compared to untreated plants, TE sprays at 0.5 and 1 ml/l significantly enhanced peach cultivars
performance by means of increased leaf number and area, plant dry weights, photosynthetic rate, stomatal
conductance, transpiration rate and leaf midday water potential and relative water content.

Introduction

Peach (Prunus persica (L.) Batsch) belongs to Rosaceae and, from economic perspective, it is
highly ranked among global fruit crops production with over 10 million tons in 2012 (FAOSTAT,
2015). However, drought and salinity stresses affect negatively plant root shoot and fruit growth
of peach and different crops (Turkyilmaz 2012, Thakur and Singh 2012, Rahmati e al. 2015).
Plant growth and development are regulated internally by phytohormones and the exogenous
application of growth regulators that might enhance some plants performance under deficit
irrigation conditions (Elansary and Salem 2015, Krishnan and Merewitz 2015). trinexapac-ethyl
(TE) is derived from cyclohexanecarboxylate and commercially approved as synthetic growth
regulator used for the control of growth of diverse crops including cereals (Rademacher and Bucci
2002). A few investigations indicated that TE sprays might enhance the drought and salinity of
turfgrasses (Arghavani et al. 2012, Elansary and Yessoufou 2015) by reducing water depletion and
increasing osmotic adjustment leading to increased drought resistance. TE application might
enhance fruit trees morphological and physiological performance under deficit irrigation but this
has never been explored. The aim of the present research was to evaluate the morphological and
physiological responses of three peach cultivars (Cresthaven, Vivid and Harson) which are
commonly grown in Canada grafted on Bailey rootstock and submitted to deficit irrigation to
simulate restricted water access. During deficit irrigation episodes, TE sprays were applied at
different doses to evaluate the stress tolerance enhancing effect and the interactions among
irrigation levels, TE sprays and cultivars. The objective was to identify the suitable doses and
irrigations conditions that may enhance the production of peach trees in nurseries under deficit
irrigation conditions. This work may improve our knowledge of peach trees
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responses to exogenous growth enhancers during deficit irrigation and drought periods and may
improve the performance of peach trees in nursery production and help in alleviating drought
effects on trees.

Materials and Methods

Three cultivars of peach trees (Cresthaven, Vivid and Harson) grafted on Bailey rootstock
were obtained in April of two successive years (2014 and 2015) from commercial nurseries in
2.6l pots containing black peat and perlite (1 : 1 v/v) as growing media. The plants were identified
by Dr. H. Elansary and vouchered at the Biodiversity Institute of Ontario (No. HOS1010-1016).
Trees were transplanted into 5-1 pots, which are common in growing peach trees, in a controlled
greenhouse conditions in Guelph, Ontario, Canada (43° 30’ 18.24” N 80° 22' 15.86" W) in each
year. Vivid and Harson are mid-season cultivars while Cresthaven is a late season cultivar and the
plants were one-year-old when obtained. Each pot contained one plant with a growing media of
Sunshine Mix # 5 (SunGro Horticulture Canada Ltd., Seba Beach, Canada). In both years, uniform
plants were selected for the experiment that has the heights of 56, 60, and 53 cm for Cresthaven,
Vivid and Harson, respectively. The plants were supplemented with Osmocote Plus (14 : 13 : 13
N, P, K + microelements) (2 g/l media) and the temperatures ranged between 23.1 and 28.9°C.
The mean relative humidity ranged between 55 and 62%, the photosynthetically active radiation
was 1000 pmol/m?/sec at 10.00 a.m. and the plants were maintained at 12 hrs light conditions for
one month which is the normal day length. The experiments were repeated twice during April of
the years of 2014 and 2015. Plants were watered daily by drip irrigation for the full pot field
capacity which was determined by the gravimetric method before starting the irrigation levels and
on daily basis during the experiment. Initially, 8 plants were irrigated with a known amount of
water to saturate the soil. The pots were left to drain for 40 minutes, the drained volume was
quantified, and the difference between the irrigation and drained water was considered as the pot
substrate field capacity. In the control of each species, the plants were subjected to the three
irrigation levels of 100, 70 and 50% of pot capacity and trinexapac-ethyl (TE) treatments were
replaced by water. During the days of the treatments, the volume of water required to achieve the
pot field capacity represented the consumption of water during the previous day. In the TE-treated
plants, all cultivars were subjected to irrigation levels of 100, 70 and 50% of control pot capacity
(100%) for 8 weeks and three doses of foliar biweekly applications of TE (Primo Maxx",
Syngenta CA, Inc.; a.i. 11.3% TE) of 0.1, 0.2, and 0.3 1/ha [(0.25, 0.5 and 1 ml/1]. Irrigation levels
simulated well-watering conditions (100%), light deficit irrigation (70%) and moderate deficit
irrigation (50%). TE treatments started 2 weeks before initiating water regimes and continued
during the experiment. The duration of watering was used to control the amount of water supplied
(201-570 ml per pot). Peach cultivars were grouped into three repetitions (n = 3) and 5 plants per
treatment, totaling 135 plants per cultivar distributed on three blocks. The plants were randomly
arranged in rows contained combinations of cultivar X irrigation treatment in each block.
Following 8 weeks of deficit irrigation and observing deficit irrigation signs on control plants, the
plants were harvested and the substrate was washed off the roots. Leaf numbers (LN) were
calculated for each plant, also leaf area (LA) was measured using (Delta-T Devices Ltd.,
Cambridge, UK). Plant total dry weight (PDW) and root dry weight (RDW) were determined by
drying in the oven at 70°C to reach constant weight. Plant heights (PH) were recorded in cm at the
end of the experiment. Measurements of net photosynthetic rate (4), transpiration rate (£) and
stomatal conductance (g;) were performed using the (ADC, LCi, Bioscientific Ltd., Hoddesdon,
UK), in a clear sunny conditions between 10 a.m. and 12 p.m. using fully expanded leaves in the
middle of the canopy on a weekly basis (5 measurements for each treatment during deficit
irrigation episode). The evapotranspiration rate (ET) was determined based on the daily change of



TRINEXAPAC-ETHYL APPLICATION ENHANCED PHYSIOLOGICAL PERFORMANCE 1369

ET in three representative of each treatment by watering with enough water and leaving to dry for
2 hrs, then weighing each representative, reweighing every 24 hrs and the daily changes in weight
represent the daily ET in each treatment. The leaves midday water potential () and the midday
relative water content (RWC) were determined in 3 plants per treatment at the end of the
experiment between 12:00 and 2:00 (solar time). Midday water potential of leaves were calculated
according to Elansary and Salem (2015) using a pressure chamber (PMS Model 1505D, PMS
Instrument Company, Oregon, USA). A split-split plot experimental design was employed with
irrigation levels being the main plot, TE treatments the subplot and cultivars the sub-subplots.
Experiments data of the years 2014 and 2015 were subjected to the analysis of variance (ANOVA)
as implemented in (SPSS, V.22 PASW). We found no significant differences between the two
years, consequently the data were pooled together for the analyses of irrigation levels, TE sprays
and cultivars effects using the ANOVA of the GLM procedure in the SPSS software package
(SPSS v. 18 PASW).

Results and Discussion

In all control plants, there were reductions in leaf number and leaf area, plant and root dry
weights, and plant height following the deficit irrigation of 70 and 50% (Table 1). Peach cultivars
had different responses to TE sprays and irrigation levels. However, under deficit irrigation of 70
and 50%, TE sprays significantly increase leaf number and area, root dry weight and slightly plant
height, but had no effect on plant dry weight in most cases. Cresthaven had different
morphological responses to TE doses. Under well watering conditions, TE doses showed no
significant differences in all morphological parameters. However, deficit irrigation and TE doses
of 0.2 and 0.3 1/ha significantly increased leaf number and area and root dry weight compared to
the 0.1 1/ha dose. TE dose of 0.3 1/ha yielded the highest leaf number, leaf area, and plant and root
dry weights. Vivid control plants showed similar morphological performance as Cresthaven
(Table 1). In Harson peach plants grown under well watering conditions, we found no significant
effect of TE sprays on leaf number and area, plant dry weight and plant height. However, root dry
weight increased significantly following TE sprays from 21.2 g/plant in the control to 22.3 g /plant
in plant subjected to 0.3 1/ha TE. Under deficit irrigation (70%) in Harson peach plants, TE sprays
with 0.2 and 0.3 l/ha significantly increased leaf number and area, plant dry weight and root dry
weight but had no significant effects on plant height. A similar reduction in leaf number and area
following TE sprays were described in other plants such as Brachiaria brizantha (Fialho et al.
2009), Ocimum basilicum (Elansary 2015), ornamental shrubs (Elansary and Salem 2015). This
effect could be attributed to the inhibition of the formation of GA1 from GA20 as well as blocking
the conversion of GA1 to GA8 (Rademacher 2000) and consequently, TE application inhibits cell
elongation, suppresses the vegetative growth and affects the hormonal balance in plants (Krishnan
and Merewitz 2015). In control plants, 4, £ and g, values were reduced proportionally after 8
weeks of deficit irrigation (70 and 50%). Peach cultivars showed variation in 4, E, and g values as
physiological response to deficit irrigation and TE sprays treatments (Table 2). In Cresthaven,
under 70% container capacity, different doses of TE sprays caused significant increases in 4, E
and g, values compared to untreated plants. When irrigation level was lowered to 50%, TE sprays
of 0.1 I/ha showed lower increases in gas exchange parameters than the 0.2 1/ha TE dose. Vivid
cultivar has similar performance as Cresthaven. In Harson peach, there were reductions in gas
exchange parameters in control plants following deficit irrigation treatments as seen before in
other cultivars. The decreases in gas exchange parameters were lessened following TE treatments
of 0.2 and 0.3 I/ha specifically. Also, TE treatment of 0.1 I/ha had no effect on gas exchange
parameters in plants undergoing deficit irrigation of 70% container capacity. These responses are
described as drought avoidance mechanism (Franco et al. 2006) and similar reductions in 4, £ and
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gs were described in fruit trees following deficit irrigation and water stress only (Jiménez et al.
2013, Rahmati et al. 2015). The increases in the photosynthetic rates following TE sprays might
be explained by the protective effects of TE on the photosynthetic activity (Rajasekaran and Blake
1999). Also, significant increases in the photosynthetic rates that enhanced the drought avoidance
mechanism following TE sprays were described in a few studies such as in ornamental shrubs
(Elansary and Salem 2015), herbs (Elansary 2015) and turfgrasses (Elansary and Yessoufou
2015). Peach cultivars showed variation in their y, RWC and ET values in response to TE
treatments under well watering and deficit irrigation conditions. In general, there were reductions
in y, RWC and ET values following deficit irrigation in control plants. In contrast, Cresthaven
plants showed no significant differences in y, RWC and ET values among control plants and TE-
treated plants under well watering conditions. However, when reducing the irrigations level to
70%, there were significant differences in y, RWC and ET among control and TE-treated plants.
The highest increase in y, RWC was from —1.2 to —0.96 MPa and from 70.5 to 78.9%,
respectively in plants treated with 0.3 1/haTE. ET values were lowered after TE treatment with 0.3
1/ha from 396 to 347 ml/d/pl. Under 50% irrigation deficiency, there were significant effects of TE
on RWC and ET. Vivid plants, grown under well watering conditions, showed increases in y and
RWC, but these increases were only significant in the former. Under 70% watering conditions, TE
sprays had significant effects on y, RWC and ET values. TE 0.3 I/ha treatment recorded the
highest values of v and RWC and the lowest values of ET. Interestingly, increasing irrigation
deficiency to 50% coupled with TE treatments, showed significant variation in y and RWC values
among treatments. The highest values were found in TE-treated plants with 0.2 and 0.3 l/ha.
Further, ET values were the lowest in plants treated with 0.31/ha TE. Harson plants did not show
significant variations among control and TE-treated plants under well watering conditions. Under
70% deficit irrigation conditions, there were significant increases in y and RWC values following
TE treatments. In addition, the reduction in ET values was significant in all TE doses. Under 50%
irrigation levels, we found no significant effects of TE on y and ET. The reductions in leaf water
potential and relative water content following deficit irrigation and water stress conditions in this
study are in line with previous investigations on peach trees (Rahmati et al. 2015) and rootstocks
(Jiménez et al. 2013). The reduction in RWC may occur due to the reduction in the stomatal
conductance (Elansary and Salem 2015). TE sprays significantly enhanced vy values in Cresthaven
and Harson under the 70% deficit irrigation and Vivid under the 70 and 50% deficit irrigation.
This might be explained by the protective effects of TE on the photosynthetic apparatus during
drought conditions (Rajasekaran and Blake 1999, Elansary and Salem 2015). The ET values
following deficit irrigation conditions were found which is in agreement with previous studies on
peach trees (Girona et al. 2002, Rahmati et al. 2015). In addition, the ET reductions match those
found in the stomatal conductance and the photosynthetic rates in the three cultivars, are in
agreement with previous investigation on the effects of deficit irrigation on peach trees (Girona
et al. 2002).

TE foliar sprays at 0.2 and 0.31 /ha significantly enhanced the performance of all the cultivars
under 70% deficit irrigation and sufficiently enhanced the overall plant performance in Cresthaven
and Vivid during 50% deficit irrigation. These enhancements were detected in leaf gas exchange
parameters, leaf water potential, and relative water content, which are proven to play a pivotal role
in peach trees water relations.

Acknowledgement

Biodiversity Institute of Ontario (2013-2015), Alexandria University (2014-2015), and Henry
Farms Canada (2014-2016). The authors have no conflict of interest.



TRINEXAPAC-ETHYL APPLICATION ENHANCED PHYSIOLOGICAL PERFORMANCE 1373

References

Arghavani M, Kafi M, Babalar M, Naderi R, Hoque MA and Murata Y 2012. Improvement of salt tolerance
in Kentucky bluegrass by Trinexapac-ethyl. HortScience 47: 1163-1170.

Elansary HO 2015. Basil morphological and physiological performance under trinexapac-ethyl foliar sprays
and prolonged irrigation intervals. Acta Physiol. Plant 37:1-13.

Elansary HO and Yessoufou K 2015. Growth regulators and mowing heights enhance the morphological and
physiological performance of Seaspray turfgrass during drought conditions. Acta Physiologia Plantarum
37:232-243.

Elansary HO and Salem MZM 2015. Morphological and physiological responses and drought resistance
enhancement of ornamental shrubs by trinexapac-ethyl application. Sci. Hortic. 189: 1-11.

FAOSTAT 2015. Crops production in 2012. http://faostat.fao.org/site/567/default.aspx, accessed on Sep
13th, 2016.

Fialho CMT, Ferreira EA, Meira RAS, Santos JB, Silva AA, Freitas FCL, Galon L, Concenco G, Silva AF,
Tironi SP and Rocha PRR 2009. Anatomical Characters of Brachiariabrizantha Submitted to
Trinexapac-Ethyl Application. Planta Daninha 27: 533-539.

Franco JA, Martinez-Sanchez JJ, Fernandez JA and Banén S 2006. Selection and nursery production of
ornamental plants for landscaping and xerogardening in semi-arid environments. J. Hort. Sci.
Biotechnol. 81: 3-17.

Girona J, Mata M, Fereres E, Goldhamer DA and Cohen M 2002. Evapotranspiration and soil water
dynamics of peach trees under water deficit. Agric. Water Manage 54: 107-122.

Jiménez S, Dridi J, Gutiérrez D, Moret D, Irigoyen JJ, Moreno MA and Gogorcena Y 2013. Physiological,
biochemical and molecular responses in four Prunus rootstocks submitted to drought stress. Tree
Physiol. 33: 1061-1075.

Krishnan S andMerewitz EB 2015. Drought stress and trinexapac-ethyl modify phytohormone content within
Kentucky bluegrass leaves. J. Plant Growth Regul. 34: 1-12.

Rademacher W 2000. Growth retardants: Effect of gibberellin biosynthesis and other metabolic pathways.
Annu. Rev. Plant Physiol. Plant Mol. Biol. 51: 501-531.

Rademacher W andBucci T 2002. New plant growth regulators: High risk investment?. Hort Technology 12:
64-67.

Rahmati M, Davarynejad GH, Génard M, Bannayan M, Azizi M andVercambre G 2015. Peach water
relations, gas exchange, growth and shoot mortality under water deficit in semi-arid weather conditions.
PLoS One 10(4): e0120246.

Rajasekaran LR and Blake TJ 1999. New plant growth regulators protect photosynthesis and enhance growth
under drought of jack pine seedlings. J. Plant Growth Regulat. 18: 175-181.

Thakur A and Singh Z 2012. Responses of ‘Spring Bright’ and ‘Summer Bright’ nectarines to deficit
irrigation: Fruit growth and concentration of sugars and organic acids. Sci. Hortic. 135: 112-119.

Turkyilmaz B 2012. Effects of salicylic and gibberellic acids on wheat(7riticum aestivum L.) under salinity
stress. Bangladesh J. Bot. 41: 29-34,

(Manuscript received on 26 September, 2016, revised on 19 October, 2016)



