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Abstract

A pot-culture study was conducted to estimite role of abscisic acid (ABA) and its regulatory mechanisms in maize
seedlings to adapt water deficit andwatering conditions. The maize seedlinged mays..) were exposed to well
watered, water deficit and -wgatering conditions at seedling stage. Results showed that ABA concentration was
significantly increased 1.9ld and 1.73fold (p<0.01) under moderate and severe drought stress conditions, reslgectiv
Moreover, drought stress significantly increased the activities of antioxidant enzymes (SOD, POD and CAT), and the
concentration of MDA and £ The photosynthetic rat@®1f), stomatal conductancgs), and transpiration rat&]) in leaves
were decreasl by withholding water for 2 days. Our study demonstrated that the plants-plogiemical traits and gas
exchange parameters variation under drought probably were caused by a higher level of ABA. The shoot biomass was
reduced by 34.4% and 66.1% and thet biomass was reduced by 44% and 69% under moderate and severe drought stress
treatments, respectively. Results showed that the root biomass had more reduction under drought stress treatments,
indicating that water deficit affected plants biomass alioo patterns. We conclude that ABA plays an important role in
regulating the plant growth under drought stress angatering conditions, and improve the osmotic adjustment for plant
better growth and development.

Key words: Adaptation mechanisms, Grtlwcompensation, Biomass allocation, Abscisic acid (ABA), Maize seedlings.

Abbreviations used: Abscisic acid, ABA; photosynthetic raten; stomatal conductancgs, transpiration ratek; days
after treatments, DAT; water stress treatments, Wjatering treatments, RW; well watered, WW; moderate drought
stress, MS; severe drought stress, SS.

Introduction be a source for improving drought tolerance. Howetber,
underlying mechanism for its ability to regulate ABA and
Drought stress or water deficits is one of the mostts role to adapt drought stress is still obscure.
important environmental constraints affecting plant Plants adapt to different stresses by altering their
survival and agricultural productivityorldwide, especially  physiologicalbiochemical metabolism, biomass allocation
in the dryland agricultural ecosystems (BenlleGlonzalez and morphological pattern (Zhargs al, 2012). In this
et al, 2015; Oukarrounet al, 2007; Xionget al, 2006).  process, ABA plays an important role in plant acclimation
Maize is a very important cereal crops worldwide. Thenot only to water deficit stress but also to other abiotic
maize (especially the summer maize) needs more watstresses and induction of seed dormancy (Maclebval,
than othe crops. At seedlings stage, water deficit adversely2013). Rooto-shoot signaling material such as ABA that
affects the plants performance and the formation ofnduce stomatal closure to soil drying (Xioegal, 2007;
photosynthetic organs, which directly resulted in theFanet al, 2008), and revatering conditionsUnderstanding
reduction of the biomass and grain yield. In the Loesshe regulation of ABA and the responses of plants {o re
Plateau, the arid and searid areas inorth-west of China, watering is important for future drougltierant cultivar
rainy season does not always coincide with the growtlbreeding. The main objective of this study was to evaluate
period of summer crops such as the maize, frequentlthe effects of ABA regulations on the maize seedlings that
resulting in drought stress (Turnet al, 2011). It is sufferedwater deficit stress and-matering treatments at a
important to understand the mechanisms through whichot-culture scale.
plants adapt to drght stress conditions and select maize
genotypes better suited to drought. Materials and Methods
Plants are more vulnerable to water stress €Kal,
2010). The adaptive mechanisms of plants to drought stref$ant materials and growth conditions: The potculture
conditions are regulated by their photochemical andxperiment was conducted in a rainout shelter (20 m long
biochemical pocesses (Yordanoet al, 2000). Osmotic x 12 m wide x 4.5 m high) at Gansu Academy of
adjustment is a physiological trait that could improve theAg r i cul t ur al Sciences (GAAS) ,
plants adaptive ability to drougptone areas. Abscisic acid 1 0 3 A 4 1 NjE ; altitude 1,541 m).
(ABA) is a growth regulator of plants which identified as athe semiarid climate condition in norttest of China.
signal in stresperceptiorrespase pathway such as water The average annual precipitation is 330 mm and annual
deficit, high and/or low temperature, and salinity stres®vaporation is 1700 mm in this regi. The drought
(Caoet al, 2013; Sankaet al, 2013; Sauteet al, 2001). tolerant maize variety, Yuanha (YH-5) was used in
Genotypic variation in ABA accumulation is considered tothis study with growing period of 96 days. 9 kg dry soil
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was filled in each pot (The height, the top and bottonresidues were centrifuged again at 10,00@r 900 s at
diameters is 38, 25 and 20 cm, respectively) from al°C. The supernatantsene combined and passed through
nearby field site withthe field capacity (FC, the Chromosep C18 columns (C18 Seark Cartridge,
percentage or the amount of soil moisture in the soil aftewaters, Millford, MA, USA), prewashed with 10 ml of
excess water in the soil has been drained away for 48 ¥D0% and 5 ml of 80% methanol, respectively. The efflux
following saturation) of 24%. Before sowing, the was collected and dried by evaporation with. Nhe
fertilizers including N 0.2 g K§ (dry soil) and BOs 0.2 g  residues were dilved in 1.6 ml of phosphatmiffered
kg™ (dry soil) were added in each pot. Five seeds wersaline (PBS) containing 0.1% (v/v) Tween 20 and 0.1%
sown per pot on 2DJune, 2015 and then each pot was(w/v) gelatin (pH 7.5) for analysis by enzydieked
watered. After the expansion of 5th or 6th leaf, theimmunosorbent assay (ELISA).
seedlings were thinned to 2 in each pot.

Enzyme assays: Frozen leaf segments (0.5 g) were crushed
Drought and re-watering treatments: The first 26 days into fine powder with anortar and pestle under liquid,N
after sowing (DAS), all maize plants were well wateredThe soluble proteins were extracted by homogenizing with
(75% FC) to make a good and consistent seedlings growthg m| of 50 mM potassium phosphate buffer (pH 7.0)
The expgrlmental dgratlon was divided into two pe”c’d%ontaining 1 mM EDTA and 1% polyvinylpyrrolidone
(10 days in each period). Period 1 (from 27 Fo 36 DAS), th‘?PVP). The homogenate was centrifuged at 15,000
amount of watewvateredto the plants waslifferentto  rynymin for 25 nin. in a freezing centrifuge, and the

impose different levels of stress, while in period 2 (from 37supernatant was stored at 4°C and used for the total

to 46 DAS), the half pots having drought stress Wer%uperoxide dismutase (SOD), peroxidase (POD) and

\év:rtlggﬁgn a\/%/ilitner tvo\/as7 Z(Kjenlzgcc%l:gingiztthae treatﬁ:ggts ir(}:atalase (CAT) activities assays. SOD (EC 1.15.1.1)
the late afternoon (17:008:00 hours Beijing Standard activity was measured by monitoring the inhibition of the

Time (BST) and five water regimes were imposed inphotO(hemicaI reduction of nitro blue tetrazolium (NBT)

current study: (1) welvatered in both two sections (WW using _the method of G|annopo||t|s_ & Ries _(_1977)'
WW), pots were watered daily to 75% FC; (2) moderaté“cc_ord'”g to the measurement, 1 unit _SOD activity was
drought stress in both two sections @1S), soil water ~defined as the amount of enzyme required to cause 50%
content (SWC) Of the pots was maintained at 55% FC b&nhlbmon Of the I’eduction Of NBT When monitorw 560

daily weighing and watering; (3) severe drought stress ifim. POD (EC 1.11.1.7) activity was assayed by following
both the sections (SSS), SWC was maintained to 35% FC the method of Chanc& Maehly (1955). Three ml of

by daily weighing and watering; (4) moderate droughtr eacti on sol uti on contained
stress in first period1(l days) and then welatered in  extraction solution (50 mM potassium phosphate buffer,
second period (10 days) (M8W); and (5) severe drought p H 7. 0) a n dO,, Arld teeehzyn® @cvityHvas
stress in first period (10 days) and then wedtered in  observed at 470 nm for 180 s. CAT (EC 1.11.1.6) activity
second period (10 days) (88W). There were 15 replicate was measured by the following methods: The reaction
per pot per treatment. mixture (3 ml) contained 50 mM potassium phosphate
(K3sPQy) buffer (pH 7.0), 1I0mM D, and 200 €L en:z
extract. By addinghte enzyme extract, the reaction was
Gas exchange parameters: The net photosynthesis rate startgd_, and the change iln absorbance at 240 nm (extinction
(Pn), stomatal conductancec and transpiration rates)  coefficient 39.4 M cm’) and 25°C for 3 min was
were measured by an upper health and expanded leaf frdRPnitored (Aebi, 1984).

each treatment between 08:30 to 10:30am using6#Q0
portable photosynthesis systerhi-Cor, Lincoln, NE, Biochemical traits measurements: On the same day after

USA). From each leaf, the data was calculated by gettingieasuring the gas exchange and RWC measurements,
mean of ten observed values per replicate. After measuririgtall five upper fullyexpanded leaves in each treatment
the gas exchange characteristics, the chlorophyllvere selected for measuring the biochemical parameters
fluorescence parameters (Fv/Fm, photosynthetic quantuiproline, soluble sugar and malondialdehyde (MDA)
yield, gP andNPQ) of leaves were measured using PAM concentrations),. Théeaf samples were taken between
2500 Fluorescence detector (WALZ, Germany). 10:30 to 11:00 am BST, and then frozen and stored at

ABA measurement: ABA extraction and purification 80°C until analysis. The frozen leaves (0.5 g) were ground
methods were modified from those described by Bollmark". liquid N, using a mortar and pesjtle and _homoge_mzed
et al, (1988) and Duet al, (2012). The maize leaf with 5 mL phosphate buffer (pH 7.8; 0.5 M) in centrifuge

samples (theipper fullyexpanded leaves) were ground in tubes.  The supernatar:t obtained after cer_1tr|fuga'F|on
liquid N, using a mortar and pestle, then the sample§22,1559 for 0.25 h at 4°C) was used for the biochemical
extracted with icecold 80% methanol (v/v) containing 1 analyses. Free leaf proline was estimated according to
mM butylated hydroxytoluence (BHT) to avoid oxidation. Bates et al, (1973). Lipid peroxidation, measured as
The extracts were put at 4°C for over nightxNeay the =~ malondialdehyde (MDA) concentrationyas determined
extracts were centrifuged at 10,09€r 900 s at 4°C, and following the method of Dhindsat al, (1981). Soluble

the residues were suspended in the samecdltE sugar concentration was measured using the anthrone
extraction solution and stored at 4°C for 1 h. Then theeagent method (Jayaraman 1981).

Sampling and measurements
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I__eaf area, plant height and biomasg: At each sampli_ng —m— WWWW
time, the shoots were cut off at soil leveldathree maize < 120 A nmsww
seedlings in each treatment were randomly selected. Pla 05k
height was measured. Meanwhile the length and width c7
all leaves were measured to calculate the total leaf are o 9.0

(Mo et al, 2017): 75t

Leaf area (cff) = Leaflength (cm) xLeafwidth (am) x 0.75 6.0F

At each sampling time, the root samples were takel
carefully from each pot. Firstly, the soil was carefully 8
emptied on a plastic sheet, the soil block were crushe <
and the greater parts of roots were recovered, then tt << 15F
sieving on a 1.4 mm sieve was reely done to recover L
the smaller parts of roots to produce a clean sample. Tt : 1 2 4 7 11 12 14 16 19 21
above and belowground biomass were owdned at Days after treatments
105°C half an hour and then dried at 80°C to a constant
weight. Meanwhile, the fresh parts were selected foFig. 1. Dynamics of ABA concentration of maize seedlings
measuring the bidemical traits. The samples were takenunder drought stress andwatering treatmentsVW-WW, well

oncentration (ug g

and frozen at80°C until analysis. watered conditions in two periods; M#S, moderate drought
stress in two periods; SSS, severe drought stress in two
Statistical analysis periods in this experiment; M®/W, moderate drought stress in

the first period and well watered in the second period; and SS
Three replicates for each treatment were taken VW, severe drought stress in the first period and well watered
current study. Data were analysed by one way ANOVAN the sgcond period. W.S., water stress treatments; and R.W.,
using Genstar 17.0 (VSN International Ltd.). Linear re-watering treatments.
regression was applied and Figures were drawn by “Sin@ffects of

Origin 8.0 (Microcal Software Inc.). water deficit and re-watering on

biochemical parameters of the maize seedlings: There
was notmuch variation in MDA and ©concentrations
under well watered treatment (WWW) (Fig. 2).

Effects of water deficit and re-watering on the ABA ~ However, drought stress significantly increased the
concentration of maize seedlings: From Figure 1 we can concentrations of these two parameters. At the end of
find tha water deficit and revatering treatments affected this study, the concentration of MDA was increased to
the ABA concentration in maize leaves. However, unded4.08 and 1 6".Fw&nder thé mogerate drought
well-watered treatment (WWVW), there was not much (MS-MS) and severe drought stress {SS) treatments,
variation of the leaf ABA concentration, and the mearrespectively. Moreover, the MDA concentration under
val ue wa 3P\ Mdldtatesdpugly (8MS) and  MS-MS and SSSS treatments was increased by 39.1%
severe drought (SSS) treatments significantly increased and 48.0%, compared with the WWW treatment,
the leaf ABA concentration. In this study, the leaf ABA resmctively. Similarly, the @ concentration was
concentration was inct®Ms meeadedto 67.12ahd 70.95 nifidi Gbat theGend &f
under MSMS treatment, and was increased by 3.66 tQnjs study under the M$®IS and SSSS treatments

1 0. 3 4 FW gndeg SSSS treatment (Fig. 1). Moreover, respectively, and it was increased by 46.0% and 70.2%,
the ABA concentration under S55 treatment Was compared with the WMIWW treatment, respectively.
significantly higher than that of under M8S treatment prqught stress significantly increased the activities of
(p< 0.01). Results indicated that ABA concentration WaSsop 'pOD and CAT (Fig. 2). The activity of SOD was

sensitive to the soil moisture, especially under droughfncreased from 133.91 to 483.92 U' ¢W and was
stressconditions. When the reatering treatments were increased from 143.15 to 472.31 U §W, under the

e MSMS e SESS eatments, respectvely. Horeave
9 the SOD activity under SSS treatment was

watered treatment (MB/W) and severe droughtell L .

watered treatment ESB/W)) showed slight de(?rgwagn significantly higher than that of M_S/IS treaf[ment from
trends, while there was no significant difference in ABAthe second day to the end of this experiment. For the
concentrations in each treatment since imposing streéjsloD’ Its activity was 1ncreas
treatments (Fig. 1). The leaf ABA concentration decreasedl FW under MSMS treatment and increasedofn

by 3.66 an‘dW hfterdr@vatering trgatment 58 . 56 t o 159 . ufider SESG treptment.
under MSWW and SSWW treatmaits, respectively which During the whole experiment period, the POD activity
indicates that ABA concentration still maintained at highertunder SSSS treatment was significantly higher than that
level even the plants were-watered. Furthermore, the of MS-MS treatment < 0.05). Similar to SOD and
ABA concentration was significantly higher under- re POD, the activity of CAT showed an increastdnd
watering treatments (MB/W and SSNVW) than that of under drought stress. The values of CAT activity were
well wateredtreatment (WWWW) (p< 0.05) until the end 111.22 and 140.95 U gunder MSMS and SSSS

of experiment (Fig. 1). treatments, respectively.

Results
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Rewatering treatment significantly decreased theEffects of water deficit and re-watering on gas exchange
concentrations of MDA, ©, and the activities of SOD, parameters of the maize seedlings: Water deficit
POD and CAT. The MDA concentration was Significantly reducedhe photosynthetic raté(), stomatal
significantly lower than that of well watered treatment conductanceg) and transpiration ratee), and when the
from the two days after revatering treatment (12 DAT) drought stress became more severe, the reduction rate was

and the MDA concentration in moderate drought stresgnore obvious (Fig. 3). For ttn, the values were 7.45 and

R
(MS-MS) was lower tharthat of in severe drought stress 2.8t4 n;m,(\)/:sr/jv\f ugder mo%eratehtdr?ug:t” str(:aelld
(SSSS) treatment. At the end of this experiment, thelalere ( ) and severe drought stressl| watere

. 1 (SSWW) at (%1) end "ﬂ/ the drought stress (S11),
I(\:/Ig n cde gStBSr ations we r (-:Fl\N m_l_::/lg’lo rgsBe ti eli.' ?Zousl?/, aterﬂ]g treatment increased
and treatments, respectively. €2 the photosynthetic rate. At the end period of this
cqncentratlon under drough_t stress was almost the SaM&perimen, no significant difference between drought
with WW-WW  from the six days after revatering  stresswell watered treatments were found (MBV and
treatment (16 DAT), while was significantly lower than SSWW) and the well watered treatment (WWAV)
that of WWWW at the end of this experiment. There it (p>0.05). Results indicated that tiRn can be recovered
was no significant difference of SOD activity betweenvery well when the plants were rewatered. Forgthi was
the rewatering and WWWW treatments from the 2 decreased by 17.2% and 33.7% underMiS and SSSS,
days after rewatering (12 DAT), while it was respectively. Similar to then, thegs was also increased

significantly lower under revatering treatment than that when the plants were at the rewatered conditions.gfhe
of WW-WW at the end of the experiment. was increased by 25.4% and 10.0% under\M\§ and
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SSWW treatments, compared withhea WWWW  treatment. The photosynthetic quantum yield (PQ vyield)
treatment, respectively. For the it was decreased to 0.71 showed a decreasing trendtiwtime (Fig. 4). Generally, it
mmol m? s*and to 0.32mmol ths* under MSMS and  was decreased by 2.3%, 34.7% and 34.7% at the end of
SSSS treatments, respectively. While it was increased tthe experimental stage in well watered, moderate drought
2.80 mmol rif s*and to 2.72mmol A s! after the plants stress and severe drought stress treatments, respectively.
were rewatered nder moderate and severe drought stres§urthermore, drought stress also decreased the PQ yiel

treatments, respectively (Fig. 3). The PQ vyield was decreased by 20.5% and 29.3% in
moderate (M8MS) and severe drought stress {SS)
__30.00 WS, treatments, respectively. When the plants were rewatered,
S 25.00f ‘ the PQ Yield was decreased by 15.2% and 24.0% in MS

WW and SSWW treatments, respectively.

g 20.001 At the 6 days after ravatering treatment (16 DAT),

E 15.00] —m— WW-WW the gP was decreased by 24.0 and 33._1% undeMgS

S | A MS-WW and SSSS treatments, compared with that at the

= 1000F 5 ssww beginning stage (1 DAT); after the-veatering, the gP

QU 5 oof &—MS-MS showed an increasing and then decreasing trend (Fig. 4
o ®-ssss ., 0, . . *® Compared with the CK, the qP was decreased by 11.0%

and 16.2%, under M8VW and SSWW treatments,
respectively. The NPQ showed an increasing and then
decreasing trend with time in the well watered and water
deficit treatments. The NPQ at the end of the
experimental stage was reduced by 36.6%, compared
with the beginning stage (1 DAT). The NPQ was
decreased by 12.2% and 31.5% in moderate and severe
water deficit treatments, respectively. The NPQ was
S increased by 11.2% and 12.6% under-M8V and SS

— 1.75} WW treatnents, compared with the WAWW treatment,
‘w 1.50F respectively (Fig. 4).
NE 1.25¢
= 1.00f Effects of water deficit and re-watering on the biomass
€ 0751 and morphological traits of the maize seedlings:
E Generally, the shoot and root biomass showed an increasin
T 0.50} Y, the : : g
N W.S. f trends over time (Fig. 5)'he shoot biomass of the plants
0.25- RW. under well watered treatment (WWW) was significantly
0.00 3 4 7 11 12 14 16 19 higher than that of severe drought stress treatmerSE3S

Days after treatments after the 4lays since water treatments were started (4 DAT)
and were significantly higher than that of maderdrought

Fig. 3. Dynamics of photosynthetic parameters of maizestress (MSVS) from the lldays after water treatments
seedlings under drought stress anavatering treatments. WW  starting (11 DAT). The shoot biomass of the plants under
WW, well-watered conditions in two periods; M8S, moderate  MS-MS treatment was significantly higher than that of SS
drought stress in two periods; $%, severe drought stress in sS treatment from the days after ravatering treatments
two periods; MSWW, m_oderate drought stress in the first staring (12 DAT) The shoot biomass under WWW
period and weilvatered in the second period; and-&, treatment (7.16 g per plant) was significantly higher than that

severe drought stress in the first period and-wallered in the
second period W.S., water stress treatments; and R.W:, re Of MS-MS (4.70 g per plant) and &55 (2.43 g per plant)

watering treatments. treatments, respectively. The root biomass in moderate
drought stress and severe drought stress tratgmeas
Effects of water deficit and re-watering on chlorophyll ~ reduced by 44.0% and 69.0%, respectively. It was increased

fluorescence parameters of the maize seedlings: Under by 20.5% while decreased by 28.9% in M&V and SS
drought stress conditions, the Fv/Rmas decreased with WW treatments, respectively (Fig. 5).

the growing stage. At the 16 days after treatments (16 Drought stress significantly affects the plant height
DAT), the Fv/Fm was decreased by 9.0% and 9.9% imnd leaf areas during the experimental stagg. @). In
moderate drought stress (M&S) and severe drought WW-WW treatment, the plant height was increased from
stress (SSBS) treatments, compared with that at the33.7 cm to 74.2 cm (from 11 DAT to 21 DAT), and the
beginning of the stage (1AT), respectively (Fig. 4). The plant height was increased by 22.5% and 38.5%,
Fv/Fm was decreased by 2.7% and 4.8% in\M®& and compared with MS&MS and SSSS treatments,
SSWW treatments, compared with the well wateredrespectively. For the leaf area, it was increasemnf
(WW-WW) treatment, respectively. When the plants190.9 to 682.1 cfplant’. The leaf area under M®S
under the moderate drought stress weravaitered (MS  treatment was significantly higher than that of-$S
WW), the Fv/Fm showedn increasing trend and there treatment from the 15 days after water treatments starting
was no significant difference with the WWW (15 DAT). The leaf area under WAYW treatment was
treatment. However, the Fv/Fm was decreased by 3.79acreased by 33.2% and 57.9%, conggawith the MS
under SSWW treatment, compared with the WWW  MS and S&SS treatments, respectively.
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Re-watering treatments can increase the plan{60.1 cm) than that of WWVW treatment. The leaf

height (Fig. 6). The plant height under M8W
treatment was significantly higher than the WS
treatment, from the 5 days afterwatering (15 DAT),
and there was no significant difference with the WW
WW treatment >0.05). The plant height under SS
WW treatment was significantly higher than the-SS
treatment, after 8 days -m@atering (18 DAT), and the
plant under SSVW treatment was significantly lowe

area under MSVW and SSWW treatments was
significantly higher than MSMS and SSSS
treatments from the "5 day after rewatering,
respectively. There was no significant difference in the
leaf area betweenthe MSWW and WWWW
treatments, while the leaf area under -W8/
treatment was significantly lower (607.8 tmlant?)
than that of WWWW treatment (Fig. 6).
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Fig. 4. Dynamics of chlorophyll fluorescence parameters of nsedlings under drought stress andvatering treatments. WW
WW, well-watered conditions in two periods; M3S, moderate drought stress in two periods;SSS severe drought stress in two
periods; MSWW, moderate drought stress in the first period and-watered in the second period; and-\®$V, severe drought
stress in the first period and walatered in the second period. W.S., water stress treatments; and RiAteriag treatments.
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Fig. 5. Dynamics of shoots and root biomass of maize seedlimgsr drought stress andwatering treatments. WMWVW, well-
watered conditions in two periods; M3S, moderate drought stress in two periods;SS5 severe drought stress in two periods; MS
WW, moderate drought stress in the first period and-wateredin the second period; and $8W, severe drought stress in the first
period and welwatered in the second period. W.S., water stress treatments; and Raateriag treatments.
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Fig. 6. Dynamics of plant height and leaf area of maize seedlings draleght stress and-wgatering treatments. WWVW, well-
watered conditions in two periods; M&S, moderate drought stress in two periods:SSS severe drought stress in two periods; MS
WW, moderate drought stress in the first period and-watered in thesecond period; and S&W, severe drought stress in the first
period and wellwatered in the second period. W.S., water stress treatments; and Ruiéterieg treatments.

Discussions hydration treatments indicating that water deficiency
injured leaf tissues of the maize plants. Similar results
Drought stress severely affected maize biomassvere reported by Mahouhcet al, (2006) on papaya
allocation, photosynthetic rate and plants growth (Wangeedlings Carica papayal.). Nonetheless, recovery after
et al, 2017). We have characterized the biochemicalre-watering treatment was faster and more complete in
physiological and morphological traits of maize seedlinganoderate than severe drought stress plants. This was
in response to drought stress andweaeing. The agreed with Miyashitaet al, (2005) on kidney bean
response of plants to water deficit mainly depends orfPhaseolusulgarisL.).
several factors such as growth stages, severity and Under drought stress conditions, the ABA can
duration of stress and cultivar genetics (Beltrano & Ronc@romote the stomatal closure. On the other hand, it
2008). The ability to cope with water deficit stress ofdecreased the biochemical substances concentration,
plants may depend on tefent adaptive mechanisms, which alleviated the effects of watdeficienton plants,
such as the capacity to maintain a high level of ABA, angyng suggested that ABA was theteteninant in these
morphological and physiological trait changes (Watg substances biosynthesis in maize seedlings. The
al., 2017). Understanding adaptive mechanisms of plantshysiological and biochemical traits is expected to
to water deficit and the ABA regulations in this process isgirectly influence the abilities of water and nutrient
very useful for improving crop drought tolerance andyptake, which are important for plant growth and biomass
increasing the yield production in the future. accumulation. Hence, a wsiological and biochemical
regulation is a possible mechanism of plants to adapt to
Physio-biochemical adaptations to water deficit and drought stress conditions.
re-watering: Our results showed that under water stress
conditions SOD, POD and CAT activities and theMorphological adaptations to drought stress and re-
concentration of MDA and ©were increased in maize watering: Plant height, leaf area and biomass are the
seedlings. The drought tolerant ability of maize plantgrimary processes to be affected bytevaleficit (Sapeta
were improved by increasing these elements, and thist al, 2013). Drought stress resulted in a reduction of
elements appears to contribute substantially to osmotittal leaf area and plant height which reduced the canopy
adjustment in plants. This was agreeith Mahouachiet  size (Fig. 6). In our study, the growth reduction of maize
al., (2006) who reported similar results in papa@arfca  seedlings were observed under moderate and severe water
papaya L.).Most of physiological and biochemical deficit stress conditions. Results indicated that the soll
elements variations were detected 1 day aftevatering  water availability even became low, but the maize plants
to well watered conditions, indicating that effects of waterwere able to grow. Our results agreed with the findings of
deficit on maize seedlings were reversible. Maize plantsVang et al, (2017) and Nuccioet al, (2015) who
showed fast recovery of gas exchange parameters althserved same phenomenon in wheat axaize crops.
biochemical parameters suggesting a good tolerance ferom the allometric theory and phenotypic plasticity
water stress (Zhangt al, 2012). However, in this study, perspectives, the reduction of plants height and leaf area
re-watering treatment did not fully recovethe gas will result in a minimum transpiration area, which is a
exchange parameters such as photosynthetic rate in maater conservation mechanism to adapt the water deficit
seedlings which were subjected to water deficit and reconditions (Boyer1970; Passioura, 2012).
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The biomass allocation to the plant shoot and rooConclusion
parts was further analyzed. The shoot biomass was reduced
by 34.4% 66.1%, while the root biomass was reduced by In the well watered treatment, there was no great
44.0% 69.0% under drought stress conditions, respectivelygriation in ABA concentration. Drought stress reduced the
Results showed that the root bissaehad more reduction caopy size such as the plant height and leaf area. On the
than that of shoot biomass under drought stress conditiongyher hand, the root biomass had a larger reduction, while
indicating that biomass partitioning patterns have changeghoot biomass had a smaller reduction, the root to shoot

due to the variation of the environments. After the re _.. o
watering treatment starting (11 DAT), a relative higher.ratlo was decreased under drought stress conditions,

levd of ABA concentration maybe directly or indirectly indicating that plants changethe.lr. biomass allocatlon-
affected the photosynthesis, which is useful forPatterns to adapt to the water deficits. The maize seedlings

carbohydrates accumulation. Furthermore, owatering ~ increased their drought tolerance by increasing the ABA
stage, root to shoot ratio was decreased (data were rfd other biochemical substances concentrations, as well as
shown), indicating that less biomass welecated into the by reducing their canopy sizes to reduce the wasst lo

root organs, our results agreed with AzSigari et al,

(2000) who reported the same in rice crops. Acknowledgements
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