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ABSTRACT

Drought is the main limiting factor for maize production, and climate change can aggravate this water scarcity. One way to mitigate
this problem is to plant drought tolerance maize genotypes. In landrace maize grown under rainfed conditions there are drought-adapted
genotypes, which can be used in breeding programs for drought tolerance. The objective of this study was to evaluate the effect of an
early water deficit on the seedling growth of 41 maize landraces from Nuevo Leén, Mexico, plus seven varieties, by means of drought
tolerance indices based on biomass accumulation during both stress and post-stress recovery period, for identifying tolerant and susceptible
genotypes. This study was performed at 2016 in Texcoco, Mexico (19°27’'N, 98°54'W, 2241 masl). In the greenhouse, 96 treatments
were compared (48 genotypes x two soil water regimes: without and with drought) under randomized complete blocks experimental
design. After the drought stress period, normal irrigation was resumed for 15 days for recovery. In maize landraces there is genetic
diversity in drought tolerance. Landraces GalTrini and SlITexas outstanded as the most water deficit tolerant, whereas landraces Berrones,
Rodeo, Sabanilla, Carmen, AraTrini and the inbred line L65 were the most drought susceptible. The total biomass measured before water
stress was not related to drought adaptability. This study demonstrates that the post stress recovery is more important in drought stress
adaptability than the drought resistance, regarding root biomass, shoot biomass and total biomass. Thus, to include the post stress
recovery in drought tolerance studies can produce a more precise genotypic classification for drought stress resistance and adaptability.
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INTRODUCTION

Maize (Zea mays L) is one of the most important crops in
the world. Maize growth, development and grain yield is
frequently affected by drought in arid and semi-arid regions
(Efeoglu et al., 2009). The global warming will increase
drought and will decrease crop productivity across the world.
One way to prevent this problem is to grow maize genotypes
tolerant to water deficit derived from breeding programs
committed on increasing drought tolerance in the best
landraces adapted to the region (Hellin et al., 2014). Maize
landraces have genetic diversity that can be used in genetic
breeding programs for drought tolerance, especially in
genotypes adapted to rainfed, arid and semi-arid conditions.

Under rainfed conditions maize seedlings must survive
the drought periods until rain resume; seedling death in

this dry period generates low plant density and grain yield
losses comparable to yield losses caused by drought at the
blooming stage (Teruel et al., 2008). Therefore, in arid and
semi-arid climates, both drought resistance and drought
recovery are key determinants in crop drought adaptability
(Perrone et al., 2012). Plant drought adaptability is the
comprehensive capacity integrating both drought resistance
(drought escape, drought avoidance or drought tolerance),
and drought recovery after the water stress period, when
the watering is resuming (Chen et al., 2016).

Plant responses to water deficit are complex because they
depend on drought severity and duration, as well as on
plant development stage and genotype (Aslam et al., 2015).
For example, for maize seedlings it has been reported that
water deficit produces reductions in cell turgor, cell division
and cell enlargement (Anjorin et al., 2017); consequently,
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drought may modify the root/shoot biomass ratio, and
decrease gas exchange and assimilated storage capacity
(Chen et al., 2016; Akinwale et al., 2017). The genetic
diversity available within the maize genotypes has allowed
to find genotypes having the ability to prevent growth losses
induced by drought at the seedling stage (Mabhaudhi and
Modi, 2010; Bashir et al., 2016; Anjorin et al., 2017; Badr
et al., 2020; Pawar et al., 2020), while other researchers
have reported tolerant species populations (including
maize) having the ability to compensate the growth losses
induced by drought (Xu et al., 2010; Chen et al., 2010).
Therefore, it is postulated here that it should be possible to
find maize genotypes adapted to dry environments having
both drought tolerance during the stress and an adequate
post-stress recovery at the seedling stage.

Drought tolerant maize seedlings must grow quickly and
have a high water use efficiency for biomass production, as
well as capacity to form roots for absorbing water at low
edaphic water potential or greater soil depth. According
to Richards et al. (2002), vigorous seedlings quickly cover
the soil with foliage; theses seedlings will have increased
crop competitiveness for intercepting photosynthetic active
radiation and for water use efficiency.

Then, a high biomass accumulation at the early vegetative
stage is a promising feature to select vigorous maize
genotypes for drought stress tolerance, most specially
if this tolerance is maintained at different growth stages
(Bashir et al., 2010). In this context, the objective of the
present study was to evaluate the effect of an water deficit
on the seedling growth of 41 Mexican maize landraces, by
using several drought tolerance indices based on biomass
accumulation and distribution during both the stress and
the post-stress recovery periods, for identifying drought
tolerant genotypes, and the main tolerance mechanisms.

MATERIALS AND METHODS

Experimental site and plant material

The study was carried out in Texcoco, Mexico (19° 27
N, 98° 54 W], 2241 masl) under greenhouse conditions.
In 2016, 48 maize genotypes were evaluated, of which
41 were maize landraces native from Southern Nuevo
Leon state, Mexico (Fig. 1). In this region the maize
landraces are commonly grown under rainfed conditions,
at altitudes between 1049 and 2619 m (INEGI, 2019).
Five experimental inbred lines (.22, .65, 169, 1.104 and
1.134) developed in the Central Valleys of Mexico as part
of the “Maize Ideotype Formation Project” at the Colegio
de Postgraduados, Mexico, were used as control varieties,
plus two Mexican commercials hybrids (HS2 and Promesa)
generated by the same institution.
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Treatments and experimental design

The 96 treatments (48 genotypes X 2 soil water regimes)
were established under a randomized complete blocks
design with four replications. The experimental unit
consisted of four seedlings grown individually in styrofoam
vases (1 L) filled with 700 g of substrate (soil and peat
moss at 2:1 ratio). Sowing was done from September 29 to
October 2, 2016 (one repetition per day). Two seeds were
sown per pot, and 12 days after sowing (das) the seedlings
were thinned to one per pot. The two soil water regimes
imposed were: 1) Control, with soil moisture maintained
between 50 and 100 % of field capacity during 56 das; and
2) Drought, by withholding watering during 12 days (from
29 to 41 das) so that soil humidity declined to 10 %, below
the permanent wilting point (16 %). At 41 das irrigation
was restored to the control level and then maintained for
15 days (Fig. 2). Soil moisture percentage was determined
by gravimetric method in 52 pots per each water regime,
based on the daily water losses (weight losses).

Growth analyses

Following the basic procedures of Hunt (1990) for plant
growth analysis, the biomass of root (RB, g), shoot (SB, g)
and total (TB = RB + SB, g) were measured in each seedling
of the 4 replications, at three stages: initiation of drought
stress, end of drought stress, and end of recovery. RB and
SB were recorded after drying roots and shoots separately
at 70 °Cin a forced convection drying oven (Riossa, model
HCFD-82, Mexico) until constant weight. All samples were
weighed on digital analytical balance (Sartorius Handy H51,
Germany). The root/shoot ratio (R/S) was calculated as
RB/SB in drought treatment at the end of drought stress
(DE) and at the end of recovery (RE).

Drought stress tolerance indices

Nine indices were calculated as follows: three for drought
resistance (ResRB, ResSB and ResTB), three for drought
recovery (RecRB, RecSB and RecTB), and three for drought
adaptability (AdapRB, AdapSB and AdapTB). These indices
were estimated based on the root (RB), shoot (SB) and total
(TB) biomass accumulation, according to the equations
proposed by Chen et al. (2016):

Drought resistance BDE,,;, —BDI,,.. )
= ‘ Eq.
(ResRB,ResSBand ResTB) . BDE,  —BDI. 4V
Drought recovery BRE,,,;, —BDE,,.
= Fq. 2
(RecRB,RecSBand RecTB)~ BRE, —BDE, 42
Dronght adaptability BRE,, ., —BDI,,..
(AdapRB, AdapSBand AdapTB)  BRE,  —BDI,
(Eq. 3)
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Fig 1. Geographical distribution of maize entries (Zea mays L.) from Southern Nuevo Leon state, Mexico. Map and climates taken from INEGI
(2019). The numbers correspond to the collection site of each maize entry that is described in Table 1.
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Fig 2. Changes in soil water content during the drought stress and
the recovery periods. FC = Field capacity. PWP = Permanent wilting
point. DI and DE = Initiation and end of drought stress. RE = End
of recovery. Vertical lines in each observation point correspond to
standard deviation.
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Where: BDI = biomass (RB, SB or TB) at initiation of
drought stress (29 das); BDE = biomass (RB, SB or TB)
at the end of drought stress (41 das); BRE = biomass (RB,
SB or TB) at the end of the recovery period (56 das).

The maize genotypes were classified as tolerant or
susceptible based on the drought adaptability index
calculated with total biomass (AdapBT), with data
registered at the end of the experiment (water stress period
+ recovery period). The other indices (drought resistance
and drought recovery) calculated for root, shoot and total
biomass were used to find out the evaluation period when
most of the biomass production occurred during the two
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experimental periods: the drought stress period or the
drought recovery period.

Statistical analyses

Data were submitted to analyses of variance using SAS
9.4 statistical package (SAS Institute, 2015). Multiple
comparison tests were made with least significant
difference (LSD, p < 0.05), which allowed to identify
the tolerant genotypes by means total biomass lowest
difference between drought and control treatments.
Pearson’s correlation coefficients between drought
tolerance indices, total biomass at initiation of drought
stress and the R/S ratio in drought conditions were
estimated using PROC CORR procedure in SAS 9.4
statistical package (p < 0.05).

RESULTS

For total biomass (TB) eight native maize landraces
(Refugio, Delicias, Escondida, Carpinterfa, Catorce, Salero,
Tomates, SJDios) and one inbred line (I.134) showed high
drought resistance indexes (ResTB), with values above 1.0
(ResTB = 1.18 to 2.106), because at the end of the drought
period they had higher total biomass than in their irrigated
controls (p < 0.05), as shown in Table 1. On the contrary,
six landraces (SLazaro, Lagunita, Siberia, Sacramento,
SGrande, Carmen), and two inbred lines (1.104 and 1.65)
had low drought resistance indexes (ResTB = 0.30 to 0.81),
since they had lost total biomass during the drought period
compared to their controls (p < 0.05).

For total biomass (RecTB) measured at the post-stress
recovery period, seven native landraces (Siberia, RCedillo,
GalTrini, Sacramento, SITexas, Altitos, Hediondilla)
and two inbred lines (.22 and 1.104) accumulated more
biomass after the recovery period than their irrigated
controls (p = 0.05), with recovery indexes greater than 1.0
(RecTB = 1.2 to 3.0). In this group, landraces Siberia and
Sacramento stood out because they were able to recover
the biomass lost during water stress, so that at the end of
the recovery period their total biomass was the same as
in their controls growing in normal irrigation (Table 1).
In contrast, 15 landraces (Escondida, Cardona, SJDios,
Tomates, Catorce, Delicias, Lindero, Carpintetfa, Crucitas,
SAnita, PAnteojitos, Berrones, Rodeo, Sabanilla, AraTrini)
and the inbred line 165, had the lowest recovery indexes
with negative values (RecTB = -1.42 to -0.07).

Regarding the adaptability analysis for total biomass
(AdapTB = drought resistance + drought recovery),
six landraces (SITexas, GalTrini, RCedillo, Escondida,
SAPNevada and Altitos), and the inbred line L22 showed
the highest drought adaptability indexes with values higher
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than 1.0 (AdapTB = 1.08 to 1.41). In contrast, 41 maize
genotypes (35 landraces and six control varieties) showed
drought adaptability indexes lesser than 1.0 (Table 1).
Among these susceptible genotypes, 22 also showed less
total biomass (p = 0.05) at the end of the whole evaluation
(15 days after rewatering, 56 das).

Correlation analysis showed 22 positive and nine negative
associations (p = 0.05) (Table 2). The strongest positive
associations (r > 0.66) were found between ResTB us.
ResRB (r = 0.79) and ResSB (r = 0.74), RecTB »s5. RecRB
(r = 0.78), and AdapTB vs. AdapRB (r = 0.87) and AdapSB
(r = 0.67).

DISCUSSION

The maize landraces collected in rainfed regions of
Southern Nuevo Leon state, Mexico, showed a wide
diversity in drought stress adaptability. This genetic diversity
allowed identifying drought stress tolerant and drought
stress susceptible genotypes. At the end of the present
study (drought stress period + recovery cycle, 56 das), 26
genotypes showed no significant decreases in total biomass
even though they were submitted to a rather severe water
deficit in which the soil moisture became diminished 6 %
below the permanent wilting point (16 %).

Landraces GalTrini and SITexas stood out as the most
drought tolerant in this test, because their seedlings were
able to keep growing and to accumulate more total biomass
(p = 0.05) at the end of the whole evaluation (56 das)
than their irrigated controls, and they were also able to
maintain a balanced biomass distribution since their root
and shoot ratio were near to 1.0 (R/S-RE = 1.1 and 1.0,
respectively). These two outstanding genotypes combine
two mechanisms for drought stress tolerance: 1) They
did not lose biomass during the water stress period, and
2) They were able to resume plant growth and biomass
accumulation after the stress, during the recovery period,
with gains of 115 and 75 %, respectively. Therefore, these
tolerant/adaptable genotypes have seedlings that either
avoided or tolerated tissue dehydration, physiological
responses that according to Turner (1979) are due to
maintaining cell turgor and elasticity during the stress by
osmotic adjustment.

On the contrary, 22 genotypes were classified as drought
susceptible because their adaptability indices were lesser
than 1.0, so that at the end of the experiment (56 das) their
total biomass was significantly lower than their irrigated
controls. The most drought susceptible genotypes were
five maize landraces (Berrones, Rodeo, Sabanilla, Carmen
and AraTrini), and the inbred line 1.65, which showed the
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Table 1: Drought stress indexes calculated for root (RB), shoot (SB) and total (TB) biomass, root/shoot ratio (R/S) and total

biomass comparison of 48 maize genotypes grown under drought stress (Drought) and irrigated conditions (Control)

No. Genotype Drought stress index (g/g) Total biomass (g/plant)
Total biomass R/S DI

ResTB RecTB AdapTB DE RE Control Drought Control Drought
1 SiTexas 1.17 1.75 1.41 09 1.0 0.560"mP 0.702¢ 0.7268¢ 0.803& 0.904
2 GalTrini 1.08 2.15 1.31 1.3 1.1 0.5749+0 0.909¢ 0.9348¢ 1.000<8 U 1&ER
3 RCedillo 0.66 2.81 1.25 1.0 1.0 0.640°¢P 0.8788¢ 0.797¢ 0.970%8 1.0540
4 L22 0.95 242 1.22 09 0.9 0.384¢ 0.7078 0.6928 0.777%A8 0.861muA
5 Escondida 1.66 -0.33 1.20 09 0.9 0.498°4¢ 0.7848 0.974A 0.872twAB 0.945"A
6 SAPNevada 1.09 0.23 1.18 09 038 0.507"u¢ 0.989%8 1.0354 0.946" 1.025%#
7 Altitos 0.89 1.41 1.08 14 15 0.598¢P 0.8848¢ 0.853¢ 1.048"0A8 1.0842A
8 Cardona 1.15 -0.18 0.99 12 1.2 0.508"® 0.769A 0.807A 0.803"wA 0.8019A
9 Refugio 2.16 0.26 0.98 11 08 0.498°4¢ 0.665° 0.858* 0.937°uA 0.9309PA
10 Hediondilla 0.78 1.20 0.98 06 0.7 0.585fC 0.8598 0.7998 SIS 1.106%°A
11 SJDios 1.18 -0.86 0.97 1.1 1.1 0.568"° 0.8948 0.953* 0.932ruAB 0.920Q"PAB
12 SGregorio 1.10 0.79 0.96 1.1 1.1 0.541%pC 0.8038 0.828° 0.996"A 0.980¢mA
13 SantaMa 1.05 0.71 0.93 09 09 0.525'C 0.838° 0.852°8 0.994)sA 0.963=m
14 L69 1.05 0.44 0.92 0.7 0.7 0.544i8 0.8294 0.8444 0.905™A 0.877muA
15 L134 1.75 0.36 0.91 0.7 0.8 0.525"° 0.734°¢ 0.8918 1.056" 1.009%+A
16 Tomates 1.46 -0.64 0.91 1.3 09 0.505°1¢ 0.8528 1.0014 0.967 0.9279PAB
17 Sanlsidro 1.25 0.37 0.89 1.1 1.1 0.649°4¢ 0.8978 0.960%8 1.067emA HR0225e
18 Tokio 1.01 0.81 0.88 09 038 0.475%8 0.6398 0.6408 OI9550E 0.897XsA
19 Yerba 0.95 0.79 0.88 1.0 11 0.60591¢ 0.8918 0.8768 1.127¢9 1.0630A
20 Sacramento 0.58 1.93 0.87 0.8 0.9 0.521m-sC 0.794A 0.6798 0.871tA 0.826°A
21 Siberia 0.58 3.00 0.85 0.7 07 0.663°C 1.212~ 0.9848 1.2802A 1.1872A
22 Caminos 1.30 0.45 0.85 1.0 09 0.521m 0.723°8 0.784° 0.954m 0.888'*
23 HS2 1.00 0.25 0.84 0.9 09 0.676® 1.0104 1.0104 1.101¢# 1l o
24 TaponaMo 0.77 0.86 0.80 1.1 1.0 0.474wP 0.858° 0.771¢ 1.088%+A 0.968¢°m
25 SLazaro 0.81 0.41 0.78 1.0 1.0 0.597¢° 1.0427 0.9598 1.085%+A 0.9774¢m8
26 BJalisco 0.75 0.79 0.78 12 09 0.49394¢ 0.7088 0.6558 1.004M 0.889'*
27 Poza 1.01 0.69 0.77 1.1 1.1 0.487918 0.5848 0.5858 0.887s"A 0.794"vA
28 SGrande 0.56 0.95 0.74 12 11 0.516mE 0.813¢ 0.684° 1.058 4 0.916+%®
29 Catorce 1.60 -1.42 0.73 1.1 1.1 0.685¢ 0.9898 1.1734 SRS 0.998¢#8
30 Delicias 1.76 -0.70 0.73 09 0.8 0.407v¢ 0.6518 0.8354 0.826A 0.713"&
Bil Boquilla 0.83 0.26 0.72 12 141 0.569M¢ 0.9788 0.9098 1.076%A 0.935¢°8
32 Salero 1.56 0.02 0.72 1.0 1.2 0.606¢"° 0.865° 1.0098 1.1790A 1.017°#
33 Lindero 0.99 -0.07 0.67 1.1 1.2 0.602¢1¢ 0.9398 0.9368 1.088%+A 0.926978
34 LTaberna 0.84 0.48 0.66 1.1 1.5 0.529k 0.8588¢ 0.806° 1.180°% 0.960°®
35 Animas 0.55 0.79 0.66 1.0 11 0.6169¢¢ 0.867%8 0.7548¢ RO 0.915+98
36 Promesa 0.70 0.53 0.68 0.8 0.9 0.629°1C 1.0458 0.9198 1.31424 1.06208
37 L104 0.30 1.44 0.63 0.6 0.7 0.7543¢ 1.079%8 0.852°¢ F207acs 1.037°98
38 Carpinteria 1.63 -0.85 0.59 14 1.0 0.482r¢ 0.7368 0.896% 0.919puA 0.741v
39 Lagunita 0.62 0.32 0.57 1.0 11 0.49291¢ 0.941A 0.7698 1.0199% 0.794rv8
40 Crucitas 0.77 -0.60 0.55 1.0 141 0.552+P 0.91148 0.8278¢ 0.979+* 0.786%"¢
41 SAnita 1.34 -0.73 0.54 12 1.0 0.460+° 0.7618¢ 0.865%8 0.952A ON2588
42 PAnteojitos 1.08 -0.09 0.51 15 1.2 0.529%°C¢ 0.7748 0.7928 1.007" ONG2sE
43 Berrones 1.19 -0.41 0.48 09 1.0 0.48691¢ 0.7378 0.7858 0.9390vA 0.701v®
44 Rodeo 0.74 -0.08 0.47 1.0 0.8 0.498°1¢ 0.8138 0.7328 0.967" 0.719"®
45 Sabanilla 1.54 -0.17 0.41 13 14 0.596¢5° 0.7438 0.8248 1.0329PA 0.775%=
46 Carmen 0.37 0.39 0.38 1.1 1.2 0.497ruP 0.7878 0.605¢P 0.913%A 0.655*¢
47 L65 0.65 -0.91 0.37 0.7 0.8 0.623°1C 1.055% 0.9028 1.149c 0.816°P"&
48 AraTrini 1.02 -0.48 0.35 1.0 0.8 0.49291¢ 0.7468¢ 0.7518 0.954m* 0.651>8C¢

Res, Rec and Adap = resistance, recovery and adaptability indexes calculated for total biomass (TB). DI and DE = initiation and end of drought stress. RE = end
of recovery. Different capital letter in the same row to indicate statistical differences between evaluation stages in each genotype (DMS, p < 0.05). Different

lowercase letters in the same column indicate statistical differences between genotypes (DMS, p < 0.05). Hyphen between lowercase letters represents letters
that are arranged alphabetically between two letters shown
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Table 2: Pearson correlation coefficients between drought stress indices, root/shoot ratio and total biomass at initiation of
drought stress

Res Rec Adap Res Rec Adap Res Rec Adap R/S R/S TB
RB RB RB SB SB SB TB B TB DE -RE -DI

ResRB 1.00

RecRB -0.20 1.00

AdapRB  0.4033**  0.49**  1.00

ResSB 0.30* -0.17 0.08 1.00

RecSB -0.30* 0.19 0.14 -0.45** 1.00

AdapSB -0.15 0.33* 0.25 0.24 0.44** 1.00

ResTB 0.79* -0.29* 0.22 0.74* -0.49** -0.01 1.00

RecTB -0.29* 0.78**  0.46** -0.31* 0.45** 0.46** -0.47* 1.00

AdapTB 0.24 0.49**  0.87** 0.18 0.31* 0.67** 0.19 0.54* 1.00

R/S-DE 0.42** -0.27 -0.03 0.00 -0.14 -0.16 0.47** -0.43** -0.09 1.00

R/S-RE 0.37* 0.24  0.52** -0.11 -0.10 -0.07 0.26 0.06 0.37** 0.58™* 1.00

TBDI -0.07 0.13 -0.04 -0.41** 0.24 0.06 -0.27 0.17 0.00 -0.01 0.03 1.00

ResRB, RecRB and AdapRB = resistance, recovery and adaptability indexes calculated with root biomass. ResSB, RecSB and AdapSB = resistance, recovery

and adaptability indexes calculated with shoot biomass. ResTB, RecTB and AdapTB = resistance, recovery and adaptability indexes calculated with total

biomass. TB-DI = total biomass at initiation of drought stress (g/plant). R/S-DE and R/S-RE = root/shoot ratios in the drought treatment calculated at the end of

drought stress and at the end of drought recovery period. * and ** = statistical significance with p < 0.05 and p < 0.01, respectively

lowest drought adaptability indices, and had the larger losses
in accumulated biomass that ranged between 52 and 65 %.

The observed differences in maize responses could be
attributed to a the a large list of processes that other
researchers have reported as negatively affected in maize,
such as decreases in chlorophyll content, leaf transpiration,
nutrient absorption, photosynthesis rate, cellular division
and enlargement, while the reactive oxygen species
synthesis become increased (Lopez-Santillan et al., 2004;
Mabhaudhi and Modi, 2010; Akinwale et al., 2017).
Consequently, drought stress causes a reduced internode
length and less ability to store assimilates, as well as losses in
plant density and grain yield (Teruel et al., 2008). All these
plant responses to water deficit depend on the drought
severity and duration, on the plant development stage and
on the genotype (Aslam et al., 2015).

Most importantly, in this study it is shown a rather large
genetic variation among the studied maize landraces,
regarding drought stress responses measured on biomass
accumulation and plant growth, variation that was
determined by the three measured indices: drought stress
tolerance, drought recovery and drought adaptability.
According to Gil et al. (2004), these genetic variations
should be due to genetic differences in maize adaptation to
dry conditions. It might be inferred then that the drought
tolerance landraces should contain several tolerance genes
(which remain to be identified), such as the Rav77 gene
that codifies for a dehydrin associated to drought stress
tolerance as recently found in Mexican maize (Hernandez-
Guillén, 2016; Belmont-Valadez, 2018).

Several researchers have associated maize seedling biomass
(eatly vigor) with grain yield, deep root system and fast
growth that allow less water loss by evaporation, increased
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water use efficiency and better seedling growth (Munns and
Richards, 2007; Chen et al., 2016; Trachsel et al., 20106).
However, vigorous seedlings are not necessarily associated
to drought tolerant plants, since the three drought
adaptability indices were not correlated to the initial total
biomass measured at the start of the drought stress period
(AdapRB vs. TBDI [r = -0.04 ns], AdapSB vs. TBDI
[r = 0.06 ns] and AdapBT vs. TBDI [r = -0.001 ns]), even
when the maize genotype with the highest total biomass
before the stress, TBDI (line 1.104) was almost twice as
large as the two genotypes with the lowest TBDI genotypes
(Line L22 and Delicias). Only one genotype, landrace
Sibetia, combined drought tolerance/adaptability with the
largest total biomass at end of the recovery period, both
in the irrigated control as in the drought stressed plants.

At the seedling stage, the drought resistance, drought
recovery and drought adaptability indices calculated with
total biomass were more associated to root growth than
to shoot growth, as shown by the significant correlations
with root biomass: ResRB (r = 0.79**), RecRB (r = 0.78**)
and AdapRB (r = 0.87%F), respectively, while correlations
with shoot biomass had lower values (ResSB, r = 0.74*%;
RecSB, r = 0.45%%; AdapSB, r = 0.67**, respectively).
According to these results, at the seedling stage the root
size is more determinant than the shoot size for drought
stress tolerance/adaptability in maize seedlings. According
to Villalobos-Gonzalez et al. (2018), the changes in biomass
allocation between root and shoot induced by water deficit,
could be due to differences in turgor potential between
leaves and roots (variables not measured in this study),
since cell turgor affects growth rate both in root and shoot.

Even when the drought resistance and the subsequent
recovery are both key determinants of drought adaptability
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in maize seedlings (Chen et al., 20106), the post-stress
recovery seems to play the most important role in drought
stress adaptability, because drought adaptability indices
were more associated with drought recovery indices than
with the drought resistance indices, based on the three
measured variables (root biomass, shoot biomass and total
biomass). Therefore, in drought tolerance/adaptability
studies it is convenient to measure the recovery in order
to get a more precise genotypic classification. For example,
the genotype classification based solely on resistance index
(ResTB) and by the amount of total biomass accumulated
at end of drought stress, the maize landraces named
Catorce, Delicias, Salero, Carpinterfa, SAnita, PAnteojitos,
Berrones, Sabanilla and AraTrini, would have been selected
as tolerant, even though they clearly behaved as drought
susceptible at end of the recovery period.

Similarly, Perrone et al. (2012) reported that plants with
greater drought recovery capacity have a greater chance
of survival, particularly in locations with water deficits
alternated and rewatering cycles, conditions that are typical
in rainfed agricultural regions located in arid and semi-arid
climates. Some physiological traits have been associated
with recovering plant growth after a water deficit in
maize, such as a rapid recovery of stomatal conductance,
transpiration and assimilation rate (Chen et al., 2016),
transcriptional coordination between leaves and roots after
stress (Fan et al., 2013), antioxidant system (Xu et al., 2010),
deeper roots, and more aquaporins in root cell membranes
(Martre et al., 2002; Li et al., 2015).

In any case, a good performance at the beginning of the
plant cycle (seedling stage) is essential to reach a good
final performance and a high grain yield. However, a good
seedling performance by itself is not enough to guarantee
a good grain yield at the end of cycle. On the other hand,
maize genotypes may behave differently in response to
water deficits at a later plant growth stage.

CONCLUSIONS

In the maize landraces collected from Southern Nuevo
Leon, Mexico, there is a wide genetic diversity in drought
tolerance/adaptability at the seedling stage. The most
tolerant genotypes were native GalTrini and SITexas
because they presented the highest values in drought
adaptability index (AdapBT) and because they accumulated
more total biomass both during the drought stress period
and afterwards during the recovery period. In contrast, the
most susceptible genotypes were the landraces Berrones,
Rodeo, Sabanilla, Carmen, and AraTtini, and the inbred
line .65, which showed the lowest values in AdapBT and
large losses in accumulated biomass that ranged between
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52 and 65 % at the end of recovery. The total biomass
recorded before water stress (initial seedling vigor) was
not related to the drought adaptability index. Root size
was more determinant than shoot size for drought stress
adaptability at the maize seedling stage. Among the three
evaluated indices, the recovery index plays the most
important role in drought stress adaptability of maize,
followed by the drought resistance indices, for the three
measured variables (root biomass, shoot biomass and total
biomass). Therefore, it is convenient to measure the post
stress recovery in drought tolerance studies in order to get
more accurate genotypic classification.
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