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Biomass production and grain yield of three sorghum lines differing in drought 
resistance

Producción de biomasa y rendimiento de grano de tres líneas de sorgo que difieren en su resistencia 
a sequía

Castro-Nava S1, J Ortiz-Cereceres2†, M del C Mendoza-Castillo2, AJ Huerta3

Resumen. El objetivo de este estudio fue determinar la eficiencia 
en los criterios de clasificación para sequía, reportados previamente 
en genotipos de sorgo para grano. Dos genotipos de sorgo [Sorghum 
bicolor (L.) Moench] tolerantes (UAT-124 y UAT-152) y uno sus-
ceptible (UAT-30) fueron sometidos a sequía bajo condiciones de 
invernadero cuando se encontraban en las etapas de iniciación de 
la panoja, hoja bandera y floración. Los resultados mostraron que el 
efecto de la sequía dependió de la etapa en la que ocurrió el estrés 
durante el desarrollo. La biomasa de los tres genotipos de sorgo fue 
significativamente reducida por la sequía en la etapa de hoja bandera 
(48%), aunque la reducción más significativa ocurrió en el genotipo 
susceptible UAT-30 (71%). Los resultados mostraron que la acumu-
lación de biomasa para UAT-124 y UAT-30 coincidió fuertemente 
con la clasificación previa para la tolerancia a la sequía, aunque esto 
no fue congruente para UAT-152. El estrés por sequía redujo el ren-
dimiento de grano significativamente en todos los genotipos, cuando 
éste fue aplicado en la etapa de hoja bandera (24%) y floración (28%), 
pero no en la iniciación de la panoja. Los genotipos resistentes y el 
susceptible tuvieron la misma respuesta en términos del rendimiento 
de grano, cuando el estrés fue aplicado en cualquiera de las tres etapas 
fenológicas. Los resultados indicaron que la respuesta de los geno-
tipos fue inconsistente con su clasificación inicial. La identificación 
de genotipos de sorgo en tolerantes y susceptibles se debería hacer 
aplicando el estrés hídrico en la etapa más susceptible del desarrollo, 
la hoja bandera; y la selección debe estar basada en la biomasa, el 
rendimiento de grano y el área foliar.

Palabras clave: Sorghum bicolor L. Moench; Estrés hídrico; Sequía; 
Fenología; Acumulación de biomasa; Rendimiento de grano.

Abstract. The aim of this study was to determine the efficiency 
of drought classification criteria that we previously reported for our 
grain sorghum genotypes. Two tolerant genotypes of grain sorghum 
[Sorghum bicolor (L.) Moench] (UAT-124 and UAT-152) and one 
susceptible (UAT-30) were subjected to drought under greenhouse 
conditions at either panicle initiation, flag leaf, or flowering. Results 
showed that the effects of drought depended on when drought stress 
occurred during development. Biomass of the three sorghum geno-
types was significantly reduced at the flag leaf stage (48%) by drought 
stress, but the greatest reduction occurred in the susceptible geno-
type UAT-30 (71%). Results showed that biomass accumulation for 
UAT-124 and UAT-30 was strongly in accordance with our previous 
drought classification, but this was not true for UAT-152. Drought 
stress reduced grain yield significantly in all genotypes, when it was 
applied at flag leaf stage (24%) and at flowering (28%), but not at 
panicle initiation. Resistant and susceptible genotypes had the same 
response in terms of grain yield when stress was applied at any of 
the three phenological stages. The results indicate that genotype 
responses to drought treatment were inconsistent with their initial 
classification. The identification of tolerant and susceptible sorghum 
genotypes could be better accomplished by applying drought stress 
at the more susceptible stage of development, flag leaf, and selection 
must be based on biomass, grain yield and leaf area.

Keywords: Sorghum bicolor L. Moench; Water stress; Drought; 
Phenology; Biomass accumulation; Grain yield.
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INTRODUCTION
Drought is one of the major limiting factors to agricul-

ture, and considered as the most important cause of yield 
reduction in crop plants (Bray et al., 2000; Mahajan & Tu-
teja, 2005). The aim of many studies has been to understand 
the adverse effects of drought on growth and metabolism of 
cultivated species. As a result of this type of work, the mean 
yield of crops in areas with high drought risk could be in-
creased and stabilized using varieties that are tolerant to wa-
ter stress (Bruce et al., 2002). Consequently, the development 
of drought-tolerant cultivars and water-use-efficient crops 
is a global concern (Barnabas et al., 2008). However, selec-
tion for drought tolerance has been a very difficult process 
because of inconsistency in testing environments and inter-
action between stages of plant growth and environment. The 
genetic mechanisms that control the expression of drought 
tolerance traits in crop plants are poorly understood (Kebede 
et al., 2001). In plant stress research, drought tolerance is one 
of the most difficult traits to study and characterize. It has 
been demonstrated that biomass accumulation is a function 
of water use by plants (Balota et al., 2008), and it has been 
used in maize (Bolaños & Edmeades, 1993; Bolaños et al., 
1993) and sorghum breeding programs (Castro et al., 2000) 
as an indicator of the response of plants to water stress. One of 
the main effects of drought on plants is the reduction of bio-
mass accumulation (Lilley & Fukai, 1994; Salih et al., 1999, 
Rosales-Serna et al., 2000; Frederick et al., 2001, Tsuji et al., 
2003). This is mainly caused by drought-induced inhibition 
of leaf and steam elongation, which differs among species 
(Pelleschi et al., 1997), and a reduction of relative growth and 
net CO2 assimilation rates (Younis et al., 2000). The result of 
drought stress in grasses is generally a reduction of grain yield 
(Sinclair et al., 1990; Xia, 1997). However, contrary to the 
observation mentioned above, Morgan (1991) found biomass 
accumulation and grain yield increases under water stress 
conditions in wheat. In grain sorghum, yield reduction under 
water stress is attributed mainly to variations in total biomass 
accumulation (Craufurd & Peacock, 1993). The response of 
plants to drought depends to a large extent on the length and 
severity of the drought, as well as on the genotype (Kebede 
et al., 2001; Çakir, 2004). However, the total accumulated 
biomass depends mainly on the phenological stage in which 
drought occurs ( Jamieson et al., 1995; Xia, 1997; Frederick et 
al., 2001). In addition, the biomass accumulation potential in 
sorghum has a high heritability (Sankarapandian et al., 1993). 
Therefore, total biomass accumulation is a trait which could 
be used as a criterion in the improvement of drought resis-
tance with high probabilities of success (Lopez et al., 1996; 
Castro et al., 2000).

Using grain yield as well as total and root biomass accu-
mulation as criteria, Castro et al. (2000) classified 29 grain 
sorghum genotypes based on their drought responses into 

resistant, intermediate and susceptible. Three of those geno-
types with similar phenology and contrasting responses to 
drought (two resistant and one susceptible), were selected for 
this study. In order to determine the efficiency of the classifi-
cation criteria applied, the main objectives of this study were 
to investigate the effects of water stress on phenology, biomass 
accumulation and grain yield to determine if the classification 
of the three genotypes was maintained when drought was ap-
plied at either of three different phenological stages.

MATERIALS AND METHODS
This study was conducted under greenhouse conditions at 

the Colegio de Posgraduados in Montecillo, Texcoco, Mexico 
(19° 31´ N, 98° 53´ W, 2242 m.a.s.l.). Three Mexican grain 
sorghum lines for their response to drought were compared in 
this study. Two of those genotypes were previously classified 
by Castro et al. (2000) as drought-resistant (UAT-124 and 
UAT-152), and one as drought- susceptible (UAT-30). Seeds 
from each of the three genotypes were sown in tall polyethyl-
ene bags containing 10 kg of a mixture of 50% of river soil and 
50% sand. Two sorghum seeds were planted in each potting 
bag and thinned to one plant per bag after two weeks. From 
planting to panicle initiation (about 35 days), three irrigations 
with a nutrient solution were applied to all plants. After the 
initial period of growth without water stress, drought treat-
ments were applied to plants from each of the three genotypes 
at either of three different phenological stages: a) panicle ini-
tiation (PI), when the apical meristem changed from vegeta-
tive to reproductive, b) flag leaf (FL), when the flag leaf was 
completely expanded, and c) flowering (FLW), when 50% of 
the spikelets on the panicle were shedding pollen. Grain ma-
turity was judged as that time when the black layer of the 
grain appeared. To determine the timing of floral initiation, 
four plants from each genotype were dissected at two-day in-
tervals and the apical meristem was observed under a stereo-
scopic microscope. In the well watered treatment, the soil was 
never allowed to dry, and it was maintained at 80% of field 
capacity throughout the study by watering as needed, typically 
every three to four days. For the drought treatments, irriga-
tion was completely discontinued when each of the genotypes 
reached the developmental stage as described above (PI, FL, 
and FLW). After water stress was initiated for each treat-
ment, plants were maintained without watering until the soil 
water potential reached the permanent wilting point (-1.5 
MPa), as determined with a soil pressure bomb (16, 12 and 
13 days, respectively). At this time, soil moisture was brought 
back to field capacity by re-watering each pot, effectively ter-
minating drought stress. After re-watering, soil moisture was 
maintained similar to the well-watered treatment until the 
end of the experiment. In order to determine dry shoot bio-
mass accumulation as affected by drought treatment, a subset 
of five plants was destructively measured before, during, and 
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after each drought treatment, for each genotype. At grain ma-
turity, grain yield per panicle, number of grains, and individual 
grain weight were determined. After the drought treatment 
and at grain maturity, leaf area was determined in a subset of 
five plants using a Portable Area Meter (LI-3000A, LI-COR, 
Inc. Lincoln, Nebraska, USA). The experimental factors (three 
genotypes and four watering treatments) were arranged in a 
randomized complete block design with a factorial arrange-
ment containing a total of 12 treatments and four replicates. 
Data from all treatments were compared by analysis of vari-
ance, except for phenology, and the treatment means were 
compared using Tukey’s test.

RESULTS AND DISCUSSION
Effect of drought on phenological development. Geno-

types UAT-124 and UAT-30, when well watered, required 
almost the same number of days from planting to physiologi-
cal maturity, panicle initiation to flowering, and flowering 
to physiological maturity (Table 1). However, the UAT-152 
genotype, when well watered, required 6 d less than UAT-30 
and 7 d less than UAT-124, to reach physiological maturity, 

due mainly to a shorter period between panicle initiation to 
flowering (7 d). The level of drought tolerance depends on 
the species and genotype (Rampino et al., 2006), the devel-
opmental stage of the crop when the stress occurs (Zhu et al., 
2005) and the length and severity of water stress (Bartels & 
Souer, 2004). Very few studies have been done to determine 
the effects of drought on the process of floral induction in ce-
reals per se, which is difficult to separate from post-induction 
floral development in many cases (Saini & Westgate, 2000). 
In this study, drought applied either at panicle initiation or 
flag leaf stage (Table 1), was found to reduce the time from 
panicle initiation to flowering (by 1 to 8 d), but delayed the 
time from flowering to physiological maturity (by 3 to 8 d), 
similar to the results of Craufurd & Peacock (1993). It is clear 
from our study that the UAT-30 genotype, previously classi-
fied as susceptible, was the most affected by drought during 
panicle initiation and flag leaf stages (development sped up 
by 7 to 8 d).

Furthermore, the time required between panicle initiation 
to flowering and flowering to physiological maturity was re-
flected in time required from planting to reach physiological 
maturity; but the degree of the effect, according to Rampino 
et al. (2006), depended on the genotype tested. In general, our 
results confirmed the suggestions of Prasad et al. (2008) and 
the results reported in some cereals by Winkel et al. (1997), 
Wopereis et al. (1996), and Barnabás et al. (2008); but differ 
from those obtained by Boonjung & Fukai (1996).

Application of drought at flowering seemed to have less 
effect on increasing the number of days required for develop-
ment than from flowering to physiological maturity (1 to 5 
d), but again the effect depended on the genotype. The total 
number of days required for development from planting to 
physiological maturity in response to drought applied at flow-
ering increased by 2 d in UAT 124, by 1 d in UAT 30, and by 5 
d in UAT-152 (Table 1). Our results generally demonstrated 
that different genotypes showed different developmental re-
sponses to drought, and that the response of each genotype 
depended on when the drought occurred during development 
in agreement with other studies (Zhu et al., 2005). This dif-
ferential phenological response between genotypes could be 
useful for breeding programs selecting drought resistant vari-
eties (Lazar et al., 1995).

Effect of drought on biomass accumulation. Highly sig-
nificant variation for genotypes and soil moisture was found 
for biomass accumulated (Table 2) when drought stress was 
applied during the flag leaf stage. These results were similar to 
those found for genotypes when drought stress was applied on 
panicle initiation. The most important variation that we found 
was in the flag leaf stage, where the magnitude of variation 
attributable to the genotypes and soil moisture, estimated as 
a percentage of the total sum of squares, was 24% and 39%, 
respectively. Highly significant interaction in genotype x soil 

Genotype Non water 
stress

Stage of water stress application
Panicle

initiation
Flag leaf Flowering

a. Days required from panicle initiation to flowering
UAT 124 63 59 58 NA‡
UAT 152 56 55 55 NA
UAT 30 63 56 55 NA

b. Days required from flowering to physiological maturity 
UAT 124 41 44 46 43
UAT 152 41 49 45 46
UAT 30 40 48 47 41

c. Days required from planting to physiological maturity
UAT 124 139 138 139 141
UAT 152 132 139 135 137
UAT 30 138 139 137 139
‡ NA = Not applicable. 
‡ NA = No aplica.

Table 1. Number of days required for sorghum genotypes from: 
(a) panicle initiation to flowering, (b) flowering to physiological matu-
rity, and (c) planting to physiological maturity, in response to water 
stress applied during either panicle initiation, flag leaf, or flowering 
stages in three sorghum genotypes. 
Tabla 1. Número de días requeridos para los genotipos de sorgo de: 
(a) iniciación de la panoja a floración, (b) floración a madurez fisiológi-
ca, y (c) siembra a madurez fisiológica, en respuesta al estrés hídrico 
aplicado durante las etapas de iniciación de la panoja, hoja bandera y 
floración en tres genotipos de sorgo.
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moisture was observed in drought stress applied during flag 
leaf and flowering stage, with a percentage of variation of 23% 
and 30%, respectively. During the drought recovery period, 
there was significant variation between genotypes for biomass 
accumulated in the flowering stage, and significant variation 
between soil moisture in the flag leaf stage (33%). Significant 
interaction in genotype x soil moisture was observed when 
drought stress was applied in the three phenological stages. 

In general, the effect of drought was more important when 
it was applied at the flag leaf stage, as shown by the significant 
reduction of biomass accumulated (48%) when compared to 
the well-watered treatment (Table 3a). A similar reduction 
was observed by Borrell et al. (2000) and Tsuji et al. (2003) in 
sorghum genotypes under drought stress. All genotypes that 
we tested accumulated similar amounts of biomass during the 
drought period when it was applied at panicle initiation and 
flowering. When drought stress was applied at the flag leaf 
stage, biomass accumulation was reduced during the stress pe-
riod, when compared to the non-stress treatment. The UAT-

Source of variation df
Mean square 

Panicle
initiation

Flag leaf Flowering

a. Drought period
Genotypes 2 7.66 ** 68.42 ** 4.467 NS

Soil moisture 1 0.165 NS 219.49 ** 0.0346 NS

Genotypes x soil 
moisture

2 1.84 NS 64.33 ** 19.6025 **

Error 18 1.071 4.20 4.554
Coefficient of variation 
(%)

21.6 21.7 20.6

b. Recovery period
Genotypes 2 130.179 NS 144.575 NS 202.634 *
Soil moisture 1 231.078 * 749.734 ** 0.1025 NS

Genotypes x soil 
moisture

2 323.242 ** 180.201 * 344.884 **

Error 18 71.965 47.276 48.774
Coefficient of variation 
(%)

11.3 24.1 29.4

*, ** Indicate significance at the 0.05 and 0.01 probability levels, re-
spectively; NS Not significant.
*, ** Indica significancia a los niveles de probabilidad de 0,05 y 0,01, respec-
tivamente; NS No significativo.

Table 2. Effect of genotype and stress (soil moisture) on sorghum 
biomass accumulated under three phenological stages during: 
(a) the drought period and (b) the recovery period (from end of 
drought to physiological maturity).
Tabla 2. Efecto del genotipo y el estrés (humedad del suelo) sobre 
la acumulación de biomasa en sorgo en tres etapas fenológicas du-
rante: (a) el período de estrés y (b) el período de recuperación (desde 
el final del estrés a la madurez fisiológica).

30 genotype (susceptible) showed the largest reduction (71%). 
This could be attributed to reduced growth and net assimila-
tion rates, in agreement with the report of Younis et al. (2000). 

After the drought treatment was suspended (recovery 
period), all three genotypes showed a significant biomass 
reduction when drought stress was applied at the flag leaf 
stage (33%). When drought stress was applied at the stage of 
panicle initiation, UAT-124 (tolerant) produced significantly 
more biomass than the non-stressed treatment (32%). This 
was likely due to variation in crop growth rate (Borrell et al., 
2000). Furthermore, it is interesting to note that during this 
period only the drought-treated UAT-124 plants accumu-
lated about the same amount of biomass as the non-stressed 
UAT-124 plants during the flag leaf stage (Table 3b).

When drought stress was applied at the flowering stage, 
the differences in biomass production during the stress pe-
riod between the stress and non-stressed treatments were very 
small and inconsistent in all three genotypes. A similar situa-
tion of inconsistency was observed in the case of biomass ac-
cumulation during the recovery period. The inconsistency of 
the genotype response to drought stress could be attributed 
to differences in drought patterns or extent used during the 
study (Salih et al., 1999).

These results allow us to conclude that biomass accumu-
lation for UAT 124 and UAT 30 genotypes was strongly in 
accordance with the susceptibility to drought classification 
of Castro et al. (2000), but not for UAT 152. Consequently, 
our results showed that biomass accumulation and grain yield 
under drought stress are useful traits to study for the classi-
fication of genotypes in resistant and susceptible to drought, 
although it will depend on the variability within the genotype. 
Also, we can conclude that the flag leaf stage was the most 
susceptible to drought, in agreement with Saini & Westgate 
(2000), Boyer & Westgate (2004) and Barnabás et al. (2008), 
This is because stress applied during this developmental stage 
caused the greatest reduction in biomass in both stress and 
recovery periods. This response is likely due to the fact that 
this phenological stage coincides with the onset of meiosis 
and early grain initiation (Saini, 1997).

Effect of drought on grain yield and its components. The 
differences among genotype as well as the genotype x soil 
moisture interaction were not significant for all water stress 
treatments, and for all traits (data not shown). Meanwhile, 
compared with non-stressed (control) plants, drought stress 
reduced grain yield significantly (Table 4) when it was applied 
at the flag leaf stage (24%) and at flowering (28%), but not 
when drought occurred at panicle initiation. 

Grain number is an important component of grain yield 
in sorghum (van Oosterom & Hammer, 2008). In this inves-
tigation, the reduction of grain yield at the flowering stage 
was attributable to a significant reduction of this grain com-
ponent (23%).
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Genotype
Panicle Initiation Flag Leaf Flowering

Well-watered Water-stressed Well-watered Water-stressed Well-watered Water-stressed
a. Drought period
UAT 124 ‡5.05 ab 4.44 a 13.43 b 8.74 a 12.53 a 9.94 a
UAT 152 5.87 a 5.73 a 6.67 c 5.49 ab 10.55 ab 9.47 a
UAT 30 3.23 b 4.47 a 17.34 a 5.06 b 8.17 b 11.60 a
Means 4.72 4.88 12.47 6.43 10.42 10.34
Tukey (p = 0.05) 1.87 1.87 3.67 3.67 3.85 3.85

b. Recovery period
UAT 124 64.36 a 85.24 a 24.70 b 24.29 a 12.17 b 27.32 a
UAT 152 71.42 a 70.39 a 37.24 a 18.91 a 26.69 a 17.52 a
UAT 30 79.59 a 78.35 a 40.36 a 25.56 a 32.19 a 26.60 a
Means 71.79 77.99 34.10 22.91 23.68 23.81
Tukey (p = 0.05) 15.31 15.31 12.41 12.41 12.61 12.61
‡ Means within columns followed by the same letter are not significantly different at the p<0.05 level by Tukey´s multiple range test.
‡ Promedios dentro de columnas, seguidos con la misma letra no son significativamente diferentes a una p<0,05 según la prueba de rango múltiple de Tukey.

Table 3. Shoot biomass (g/plant) accumulated during (a) the drought period, and (b) the recovery period (end of drought to physiological 
maturity) for three sorghum genotypes when water stress was applied at either of three phenological stages.
Tabla 3. Biomasa aérea acumulada (g planta) durante (a) el período de estrés, y (b) el período de recuperación (desde el final del estrés a la 
madurez fisiológica) para tres genotipos de sorgo cuando el estrés hídrico fue aplicado en tres etapas fenológicas.

Genotype Non-water stress
Stage of water stress application 

Panicle initiation Flag leaf Flowering
a. Grain yield (g/plant)
UAT 124 48.7 43.9 32.6 36.1
UAT 152 45.3 46.1 37.1 32.5
UAT 30 51.1 40.9 41.3 35.6
Means 48.4 43.6NS 36.9** 34.7**
Tukey (p = 0.05) 5.61 6.91 6.93
b. Grain number/panicle
UAT 124 1611 1733 1288 1226
UAT 152 1618 1643 1260 1231
UAT 30 1919 1320 1588 1509
Means 1716 1565 NS 1379 NS 1322**
c. Individual weight grain (mg)
UAT 124 31.0 25.3 31.0 29.9
UAT 152 28.5 28.4 30.6 27.3
UAT 30 27.6 31.2 26.1 26.3
Means 29.0 28.3 NS 29.2 NS 27.8 NS

Tukey (p = 0.05) 3.75 6.49 5.84
NS, ** indicate significance between non-water stress and each water stress application at the 0.05 and 0.01 probability level, respectively.
NS, ** Indica significancia entre riego y cada tratamiento de estrés aplicado, a una probabilidad del 0,05 y 0,01, respectivamente.

Table 4. Grain yield (a) and its components (b and c), for three sorghum genotypes when water stress was applied during either of 
three phenological stages. Means were compared between non-water stress and each phenological stage of water stress application.
Tabla 4. Rendimiento de grano (a) y sus componentes (b y c), para tres genotipos de sorgo cuando el estrés hídrico fue aplicado durante tres 
etapas fenológicas. Los promedios fueron comparados entre riego y cada etapa fenológica donde se aplicó el estrés hídrico.



154

FYTON ISSN 0031 9457 (2012) 81: 149-156

Castro-Nava S et al., FYTON 81 (2012) 

Grain yield reduction caused by water stress has been ob-
served in sorghum by Sankarapandian et al. (1993), Craufurd 
& Peacock (1993) and Borrell et al. (2000). In cereals, yield 
losses are caused mainly by a reduction in starch accumula-
tion during flowering or grain development (Barnabás et al., 
2008). It is also clear that grain yield reduction depends on the 
phenological stage in which the stress occurs and in some cas-
es by the intensity and length of the drought (Rosales-Serna 
et al., 2000; Frederick et al., 2001). 

All varieties (UAT-124, UAT 30 and UAT-152) had the 
same grain yield behavior when stress was applied at three 
different phenological stages. These results indicate that geno-
type responses to drought were inconsistent with their initial 
classification (Castro et al., 2000), as previously mentioned 
(UAT-124 and UAT-152 as tolerant, and UAT-30 as suscep-
tible). This inconsistency with respect to their classification 
was observed when water stress was applied at the flag leaf 
stage since the drought tolerant UAT 124, had a greater re-
duction in grain yield than the susceptible genotype Further-
more, at the flowering stage, UAT 30 (susceptible) showed a 
greater reduction in response to water stress compared with 
UAT 124 (tolerant). 

Drought stress significantly reduced leaf area (Table 5a) of 
the three sorghum genotypes when water stress was applied 
at the panicle initiation (25%) and flag leaf (33%) stages. A 
similar response was reported by Tsuji et al. (2003). The reduc-
tion of leaf area was most pronounced when water stress was 

applied at the flag leaf stage, and was dependent on genotype. 
The susceptible genotype UAT 30 showed the greatest reduc-
tion of leaf area (46%). 

However, the genotype resistant UAT-124 showed a sig-
nificant recovery capacity (Table 3) after water stress was 
eliminated. We found that when drought stress occurred at 
a time close to panicle initiation and flowering; the recovery 
response was due to the capacity of the plant to retain physi-
ologically active leaves (Table 5b), allowing the plant to reach 
physiological maturity, similar to the results reported by Lilley 
& Fukai (1994) and Fukai & Cooper (1995). A quick drought 
recovery allows a plant to produce photoassimilates for a lon-
ger period of time during the recovery period, in addition to 
maintaining the capacity to mobilize these photoassimilates 
to the grain during grain filling (Yang et al., 2001 a, b; Yang 
et al., 2002).

The recovery capacity shown by the resistant genotype 
UAT-124 was not reflected in the grain yield (Table 4). This 
could be due to the fact that the classification of the genotypes 
with respect to their water stress response was performed in 
an experiment where drought was applied during panicle ini-
tiation, while in this study it was applied at different pheno-
logical stages. Similar results were obtained by Sankarapan-
dian et al. (1993) and Craufurd & Peacock (1993). This study 
demonstrated that the sensitivity to drought stress was greater 
at the reproductive stage, similar to the results reported by 
Younis et al. (2000).

Genotype Panicle Initiation Flag Leaf Flowering
Well-watered Water-stressed Well-watered Water-stressed Well watered Water-stressed

a. End of drought
UAT 124 1116.1 733.5 2306.0 1741.5 2091.6 1530.2
UAT 152 1108.9 807.2 1806.6 1368.0 2137.3 1750.7
UAT 30 729.6 678.8 2612.2 1415.7 1694.5 2305.4
Means ‡986.5 a 739.9 b 2241.6 a 1508.4 b 1974.4 a 1862.9 a
Tukey (p = 0.05) 177.7 203.7 182.7

b. Physiological maturity
UAT 124 1845.6 2061.5 1845.6 1903.9 1845.6 1370.1
UAT 152 2060.6 1637.9 2060.6 1138.6 2060.6 1594.8
UAT 30 1971.3 1804.5 1971.3 1461.8 1971.3 1819.8
Means ‡1959.2 a 1834.6 a 1959.2 a 1501.4 b 1959.2 a 1594.9 b
Tukey (p = 0.05) 339.6 264.9 292.5
‡ Means were compared between well watered and water stress conditions at each phenological stage of water stress application.
‡ Los promedios fueron comparados entre riego y la condición de estrés en cada etapa fenológica donde se aplicó el estrés hídrico.

Table 5. Leaf area (cm2) at the end of the drought (a) and at the physiological maturity (b) for three sorghum genotypes when the water 
stress was applied at either of three phenological stages.
Tabla 5. Área foliar (cm2) al final del estrés hídrico (a) y a la madurez fisiológica (b) para tres genotipos de sorgo cuando el estrés hídrico fue 
aplicado en tres etapas fenológicas.
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CONCLUSIONS
Water stress reduced biomass accumulation, leaf area and 

consequently grain yield, depending on the characteristics of 
the genotype and the phenological stage in which it occurred. 
The most susceptible developmental stage was the flag leaf 
expansion. The identification of tolerant and susceptible gen-
otypes could be accomplished by applying drought stress dur-
ing the more susceptible stage or stages of development, and 
using the accumulation of biomass, leaf area and grain yield in 
both the drought stress and recovery periods as a criterion for 
drought tolerance.
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