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Abstract  
 
This experiment was conducted to examine the comparative growth performance and yield of the first Malaysian aerobic rice variety, 
MARDI Aerob 1 (MA1) along with local lowland rice, MR 253 grown under water stress condition at selected growth stages. The 
experiment consisted of four treatments with three replications arranged in a randomized complete block design. The four treatments 
consisted of the control with no water stress throughout (T1), and water stress imposition at panicle initiation (T2), flowering (T3) and 
ripening (T4) stages. Water stress treatments were terminated when water deficit symptoms such as leaf rolling and wilting were 
detected. The effects of stress were assessed using parameters related to phenology, biomass and yield components. Results showed 
that both varieties were significantly affected, when water stress was imposed at the panicle initiation stage. At this stage, the water 
stress delayed the phenological development, reduced the panicle dry mass, and severely caused grain yield reduction for both 
varieties. The MR 253 variety had higher grain yield than MA1 under normal aerobic condition but not under water stress, while MA1 
still was able to maintain reasonable high yield even under water stress condition, except when the water stress occurred at the panicle 
initiation stage. Panicle initiation stage was the most sensitive period for both varieties as water stress at this stage greatly affected the 
overall growth performance and grain yield for both varieties. 
 
Keywords: Aerobic rice; biomass; MARDI Aerob 1; MR 253; phenology; water stress; yield. 
Abbreviations: GLAI_Green leaf area index; K2O_Potash; LAI_Leaf area index; LDM_Leaf dry mass; MA1_MARDI Aerob 1; 
MARDI_Malaysian Agricultural Research and Development Institute; N_Nitrogen; P2O5_Phosphate; Par._Parameter; PDM_Panicle dry 
mass; PI_Panicle initiation; RDM_Root dry mass; SDM_Stem dry mass; TDM_Total dry mass; Var._Variety.  
 
Introduction 
 
Water plays an important role in rice production system 
especially in Asia, which is highly dependent on irrigated rice 
cultivation system (Shashidhar, 2007). Unlike other cereals, 
rice has special adaptability that can tolerate water-submerged 
condition (Lu and Chang, 1980). A new development such as 
aerobic system has demonstrated that rice can be grown not 
only under submerged water, but also under dry soil condition 
(Lal et al., 2013). This wide adaptation has been related to 
mechanisms or responses that enable plant to withstand the 
stress environments (Steponkus et al., 1980).  
Limited water availability in the future coupled with climate 
change effects may reduce the capacity of farmers to irrigate 
their fields, which may result in an increase in incidence to 
crop water stress (Chauhan and Abugho, 2013). Drought 
generally delays the rice phenological development and the 
effects vary with genotypes (Haque et al., 2006), as well as 
timing and severity of drought (Fukai and Kamoshita, 2005). 

Rice with short growth cycle usually use less water, but yield 
could also be low due to a shorter cumulative duration for 
daily photosynthesis (Vadez et al., 2011; Richards, 2000). On 
the other hand, longer growth cycle enables more 
photosynthesis that promotes high yield, but the crops would 
likely be more susceptible to the predicted drought and 
diseases that may take place in the later part of the growth 
period (Acquaah, 2009).  
Drought stress can cause imparity on dry matter partitioning, 
assimilates translocation and phloem loading, as well as 
limiting the sizes of source and sink tissues (Farooq et al., 
2009). Generally, under water stress the new growth in leaves 
and shoots would be limited to minimize water loss and at the 
same time expand their root systems to maximize the 
absorption of soil water (Shahzad et al., 2016). The assimilate 
partitioning between shoot and root would not be severely 
affected when the plants were gradually exposed to drought 
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stress, unless the plants already experienced severe stress 
(Asch et al, 2005). There was no distinction in the production 
of below and above ground biomass of rice grown under 
aerobic system when then soil conditions is maintained 
approximately at field capacity, whether plants were grown 
under flooded or aerobic conditions (Mitchell et al., 2012).  
Information on the adaptation of the new local aerobic rice 
variety MARDI Aerob 1 to the limited water under field 
condition is still lacking. This study was aimed to examine the 
comparative growth performance and yield of the first 
Malaysian aerobic rice variety  with existing local lowland rice 
grown under water stress condition given at selected growth 
stages. The understanding of the varietal responsiveness to 
water stress at different growth stages are crucial for 
continuous development and improvement of aerobic rice 
system in local area. 
 
Results 
 
Phenological development as affected by water stress  
 
In general, MA1 variety had shorter growing period in the 
range of 86 to 95 DAS, as compared to MR 253 with the range 
between 104 to 121 DAS (Table 3). On the average, the water 
stress at the panicle initiation stage delayed the appearance of 
the 1st and 100% ripening of MA1 significantly, with delays of 
12 and 8 days, respectively, compared with the control. For 
MR 253, water stress at the same stage delayed the 
completion of 50% and 100% ripening by 11 and 15 days, 
respectively, as compared to control.  
In contrast, water stress at the flowering stage hasten the start 
of ripening process of MA1 but not MR 253. The MA1 attained 
100% ripening at 75 DAS that was 12 days earlier than the 
control.  
Water stress at the ripening stage did not significantly affect 
the ripening progress of both varieties, compared with control. 
The MA1 and MR 253 reached 100% ripening at 86 and 104 
DAS, respectively, with differences of 1 and 2 days earlier than 
the control. 
 
Biomass production as affected by water stress  
 
Water stress imposed at all stages significantly reduced the 
SDM but not the LDM, LAI, GLAI and RDM of MA1, whereas the 
PDM and total biomass of MA1 were reduced significantly, 
when water stress was imposed at the panicle initiation stage 
(Fig. 2). However, for MR 253, water stress at all selected 
growth stages did not affect the LDM, SDM, RDM, and total dry 
mass. However, the PDM of MR 253 was reduced significantly, 
when water stress was imposed at the panicle initiation stage. 
The highest LDM, LAI, GLAI, SDM, RDM, PDM and total dry 
mass recorded value were 263.55, 4.72, 3.86, 671.69, 673.85, 
465.39 and 2048.71 for MA1, respectively, and 418.77, 8.21, 
7.54, 917.05, 1540.53, 410.92 and 3266.27 for MR 253, 
respectively, regardless of treatments. In general, MR 253 
exhibited higher LDM, LAI, GLAI, SDM, RDM and total dry mass, 
but lower PDM, when compared to that of MA1.  
 

Effects of leaf and soil moisture status on biomass production 
parameters of MA1 and MR 253 
 
The correlation studies of rice variety MA1 and MR 253 are 
shown in Table 4. There was a significant positive correlation 
between leaf relative water content with soil moisture content 
(r=0.93***) in MAI. The leaf RWC and SMC were both 
correlated positively with total dry mass (r=0.53**, r=0.56** 
respectively) but not with leaf area index (r=0.27ns, r= 0.33ns 
respectively) and green leaf area index (r=0.35ns, r=0.40ns 
respectively).  
Similarly with MAI, there was a significant positive correlation 
between relative water content and soil moisture content 
(r=0.73***) in MR253. Both of these parameters were 
positively correlated with total dry mass (r=0.43*, r=0.44* 
respectively) but not significantly with leaf area index 
(r=0.06ns, r=0.21ns) and green leaf area index (r=0.08ns, 
r=0.18ns, respectively).  
 
Yield components as affected by water stress  
 
Water stress at the panicle initiation stage resulted in 
significant reduction of filled grain, while water stress at the 
flowering stage resulted in significant higher percentage of 
filled grain of MA1 (Table 5). On the other hand, water stress 
at both panicle initiation and flowering stages resulted in 
significant reduction in percentage of filled grain of MR 253. 
The highest percentage of filled grain recorded by MA1 and 
MR 253 were 77.3% (under water stress at the flowering stage) 
and 63.5% (under water stress at the ripening stage), 
respectively. 
Conversely, water stress at the panicle initiation stage resulted 
in significant higher percentage of empty grain, while water 
stress at the flowering stage resulted in significant reduction in 
percentage of empty grain of MA1. On the other hand, water 
stress at the panicle initiation and flowering stages resulted in 
significant higher percentage of empty grain of MR 253. The 
highest percentage of empty grain recorded by MA1 and MR 
253 were 99.9% and 98.3%, respectively (under control). 
Water stress at the panicle initiation also resulted in significant 
reduction of grain yield of MA1. Unlike MA1, the grain yield of 
MR 253 significantly reduced when water stresses were 
imposed at all selected growth stages. Both MA1 and MR 253 
recorded highest grain yield under control treatment, with 
22.9 kg/ha and 26.7 kg/ha, respectively. 
 
Discussion 
 
The present study (Table 3) showed that water stress at the 
panicle initiation stage delayed the full maturation (100%) of 
both MA1 and MR 253. On the other hand, water stress at the 
flowering stage hasten the full maturation (100%) of MA1 but 
not MR 253. The water stress at the ripening stage, however, 
did not significantly accelerate the ripening progress in both 
varieties, as MA1 and MR 253 fully ripened one and two days 
earlier than the control.  It was suggested that panicle 
initiation was the most sensitive stage to water stress, as it 
was severely delayed the maturation of both varieties, 
especially  MR 253.  The finding of this study was in agreement 
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Table 1. The water stress period based on crop age (DAS) and water stress duration (Days) at various growth stages given for both MARDI Aerob 1 (MA1) and MR 253. 

Growth Stage Imposition of water stress period 
(DAS) 

Stress period duration 
(days) 

MA1 MR 253 MA1 MR 253 

Panicle initiation 44-53 56-71 10 16 
Flowering 56-71 77-92 16 16 
Ripening 77-88 95-105 12 11 

 
 
 
 

 
Fig 1. View and details of a metal structure setup for water stress plots 

 

 
Table 2. Final harvest based on maturation period (DAS) of MARDI Aerob 1 (MA1) and MR 253 under various water stress treatments. 

Treatment Replication              Final harvest (DAS) 

MA1 MR 253 

T1 1 84 105 
 2 88 112 
 3 88 102 

T2 1 95 121 
 2 95 121 
 3 95 121 

T3 1 75 108 
 2 75 105 
 3 75 108 

T4 1 88 105 
 2 84 103 
 3 87 105 
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                                                                                           =control; water stress at  =panicle initiation, =flowering, =ripening 
 
Fig 2. Leaf dry mass (a), leaf area index (b), green leaf area index (c), stem dry mass (d), root dry mass (e), panicle dry mass (f) and total dry mass (g) of MA1 and MR 253 varieties 
affected by water stress at selected growth stages. Values represent means with different letters represent significant difference between treatments at p≤0.05, and ns 
represents not significant difference between treatments (n=6). 
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Table 3. Phenological development of MA1 and MR 253 affected by water stress at selected growth stages. 
Variety 
 
 

Water Stress 
Treatment 

Heading 
(DAS) 

Flowering 
(DAS) 

Ripening 
(DAS) 

1st 50% 100% 1st 50% 100% 1st 50% 100% 

 
MA1 

Control 50 ± 0.67 
a 

52 ± 0.67 
b 

57 ± 1.20 ab 51 ± 0.67 
a 

53 ± 0.58 
b 

58 ± 1.20 
a 

66 ± 0.33 
b 

78 ± 5.36 
ab 

87 ± 1.33 
b 

Panicle initiation 50 ± 1.00 
a 

56 ± 0.00 
a 

70 ± 6.03 
a 

51 ± 0.67 
a 

56 ± 0.33 
a 

70 ± 5.90 
a 

78 ± 5.00 
a 

88 ± 0.67 
a 

95 ± 0.00 
a 

Flowering 49 ± 0.00 
a 

51 ± 0.58 
b 

56 ± 1.20 
b 

51 ± 0.58 
a 

52 ± 0.33 
b 

57 ± 1.20 
a 

65 ± 0.88 
b 

72 ± 1.00 
b 

75 ± 0.00 
c 

Ripening 50 ± 0.67 
a 

52 ± 0.88 
b 

57 ± 0.33 ab 51 ± 0.67 
a 

52 ± 1.00 
b 

59 ± 0.33 
a 

66 ± 0.58 
b 

82 ± 0.88 
ab 

86 ± 1.20 
b 

 
MR 253 

Control 71 ± 1.00 
a 

82 ± 1.15 ab 88 ± 2.33 ab 72 ± 1.20 
a 

83 ± 0.67 
a 

89 ± 2.00 ab 95 ± 1.67 
a 

99  ± 2.00 
b 

106 ± 2.96 b 

Panicle initiation 77 ± 3.33 
a 

87 ± 3.28 
a 

94 ± 1.86 
a 

77 ± 3.51 
a 

87 ± 3.61 
a 

95 ± 1.53 
a 

103 ± 2.33 a 110 ± 2.33 a 121 ± 0.00 a 

Flowering 73 ± 0.00 
a 

78 ± 0.88 
b 

84 ± 1.15 
b 

78 ± 4.33 
a 

80 ± 1.15 
a 

84 ± 1.45 
b 

94 ± 3.00 
a 

104 ± 0.67 ab 107 ± 1.00 b 

Ripening 73 ± 0.00 
a 

80 ± 0.00 ab 86 ± 1.33 
b 

74 ± 0.00 
a 

81 ± 0.67 
a 

87 ± 1.33 
b 

99 ± 1.76 
a 

103 ± 0.00 ab 104 ± 0.67 b 

Values represent means with different letters represent significant difference between treatments at p≤0.05 (n=3). 
 
 
 

Table 4: Correlation coefficients of various physiological parameters of MA1 and MR 253 during water stress period. 

Var./Par. 

MA1 MR 253 

Leaf RWC SMC HI Leaf RWC SMC HI 

Leaf RWC - - 0.17ns - - 0.43* 

SMC 0.93*** - 0.25ns 0.73*** - 0.58** 

LDM 0.01ns 0.06ns 0.18ns 0.05ns 0.28ns -0.22ns 

LAI 0.27ns 0.33ns 0.27ns 0.06ns 0.21ns -0.27ns 

GLAI 0.35ns 0.40ns 0.20ns 0.08ns 0.18ns -0.34ns 

SDM 0.64*** 0.68*** 0.52** 0.32ns 0.25ns -0.06ns 

RDM 0.39ns 0.41* 0.45* 0.47* 0.40ns -0.03ns 

PDM 0.40ns 0.41* 0.79*** 0.17ns 0.59** 0.40ns 

TDM 0.53** 0.56** 0.66*** 0.43* 0.44* -0.01ns 
Var.=variety, Par.=parameter, Leaf RWC=leaf relative water content, SMC=soil moisture content, LDM=leaf dry mass, RDM=root dry mass, PDM= panicle dry mass, TDM= total dry mass. *,**,***Significant at p≤0.05, p≤0.01, p≤0.001 respectively, ns-no significant correlation 
(n=24). 
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Table 5. Yield components of MA1 and MR 253 as affected by water stress at selected growth stages. 

Variety Treatment 
% Grain Grain yield 

(kg/m2) Filled Empty 

MARDI 
Aerob 1 

Control 69.5 b 30.5 b 0.54 a 

Water stress at the panicle initiation 0.1 c 99.9 a 0.00 b 

Water stress at the flowering 77.3 a 22.7 c 0.38 a 

Water stress at the ripening 66.2 b 33.8 b 0.53 a 

MR 253 

Control 59.5 a 40.5 c 0.67 a 

Water stress at the panicle initiation 1.9 c 98.3 a 0.00 c 

Water stress at the flowering 10.6 b 88.8 b 0.07 c 

Water stress at the ripening 63.5 a 38.5 c 0.46 b 
Values represent means with different letters represent significant difference between treatments at p≤0.05, and ns indicates no significant difference (n=18). 

 
agreement with Boonjung and Fukai (1996), where water 
stress at either late vegetative stage or a period between 
panicle initiation to anthesis resulted in maturation delay. 
However, water stress at the post-anthesis including the grain 
filling stage would accelerate the maturation period.  
Water stress at all stages (panicle initiation, flowering and 
ripening) did not significantly affect leaf and root dry mass 
production, and leaf area index for both varieties (Fig. 2). 
Nevertheless, water stress at all growth stages significantly 
reduced the SDM of MA1 but not MR 253 variety. The PDM 
was significantly reduced in both varieties only when water 
stress occurred at the panicle initiation stage. Total dry mass 
(TDM) in MR 253 was not affected by water stress given at any 
stage, but TDM was reduced in MA1 when water stress was 
imposed at the panicle initiation stage. The different response 
between MA1 and MR 253 varieties could be due to variability 
in stress recovery rates, dehydration tolerance and ability to 
extract soil water by these varieties (Lilley and Fukai, 1994). 
The MR 253 variety had higher leaf, stem, root and total dry 
mass, compared to MA1 in all treatments, which might be 
associated with longer growing cycle of MR 253. Genotypes 
with longer vegetative duration and late flowering stage 
generally produce greater biomass (Devine, 2009). Higher 
LDM, LAI, GLAI, SDM, RDM and TDM of MR 253 than MA1 
variety could also be attributed to higher tillering capacity or 
tiller number in MR 253 than MAI. In general, genotypes with 
late heading period were found to produce greater tiller 
number and biomass than early heading genotypes (Kondhia 
et al., 2015). High biomass production had also been 
associated with high ability of root system to extract soil water 
to be supplied to the aboveground parts (Jaleel et al., 2009). 
The study indicated that TDM and RDM of MR253 were higher 
than MA1 variety. In addition, higher root length range was 
observed in MR253 (21. 7 to 26.2 cm). This was relatively 
longer than those observed in MA1 (18.9 to 24.8 cm), 
regardless of treatments. The higher root length density and 
total root dry mass in 30cm soil depth contributed to a greater 
extraction of soil water in rainfed rice genotype DHL-79 (Wade 
et al., 2012). Longer root system was shown to take shorter 
time in extracting the same volume of soil water as shown in 
Namsagui19 and KDML105 rice genotypes lines, which had 
longer root system than IR20 and IR62266 genotypes 
(Kamoshita et al., 1997). Higher RDM instead of LDM per unit 
area in both varieties also indicated greater resource allocation 
to roots. Under nitrogen and water limiting conditions, 

resource allocation to root was generally greater than to 
leaves (Bonan, 2002). This study also demonstrated that both 
varieties produced higher root dry mass than other parts (leaf, 
stem and panicle dry mass) regardless of treatments. Limited 
water, nutrients, and root damage were among probable 
reasons that lead to a higher carbohydrates allocation to the 
root instead of aboveground parts (Harris, 1992).   
The correlation studies (Table 4) between the leaf relative 
water content and soil moisture content were highly 
significant in both varieties. However, the degree of 
relatedness in MR 253 (r=0.73***) was relatively lower than 
MA1 (0.93***), indicating that MR 253 was seemingly more 
tolerant variety to water stress condition than MAI. The 
correlation studies also showed that the TDM for both 
varieties had significant positive correlation with leaf RWC and 
SMC. It was suggested that poor assimilate translocation and 
partitioning to the sink (grain) would be the main reason for 
poor grain filling or grain sterility in rice, rather than source 
limitation or limited biomass production (Puteh et al., 2014). 
Poor seed set or grain filling in rice had been associated with 
reduction in panicle sink size under water stress condition 
(Quinones et al., 2017). Water stress during meiosis in pollen 
mother cell was also reported potentially as impairment factor 
in sugar metabolism enzymes and starch synthesis in anthers, 
leading to inhibition in starch accumulation in pollen and 
pollen sterility of rice (Sheoran and Saini, 1996).  
Both MA1 and MR 253 varieties exhibited high percentage of 
empty grain, and marked reduction in filled grain percentage 
and grain yield when water stress was imposed at the panicle 
initiation stage (Table 5). These results were in agreement with 
Boonjung and Fukai (1996), where drought stress during 
panicle development severely reduced the spikelet number 
per panicle, percent filled grain and overall grain yield. 
Different rice varieties would respond differently to water 
stress condition (Sokoto and Muhammad, 2014). For MA1, 
water stress at the flowering stage resulted in increased 
percentage of filled grain and reduction in percentage of 
empty grain. In contrast to MR 253, water stress at the 
flowering stage resulted in reduction of percentage of filled 
grain and grain yield but increased the percentage of empty 
grain, whereas water stress at the ripening stage resulted in 
the reduction of grain yield only. On the contrary, the grain 
yield of MR 253 was also reduced under water stress at the 
flowering and ripening treatments, which might be due to high 
spikelet sterility. Spikelet sterility had been associated with 
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limited source strength or supply of resources required for 
grain development rather than sink capacity (Sheehy et al, 
2001).  Water stress is generally resulted in higher percentage 
of empty grain, reduced grain weight and harvest index (HI) 
due to reduction of photosynthesis and assimilate 
translocation to the grain (Sokoto and Muhammad, 2014). 
Other factors that can contribute to grain filling diminution 
were reduction of starch synthesis enzymes and sucrose 
accumulation due to water stress condition (Farooq et al., 
2009). Yield-related attributes may vary among varieties. 
Comparatively, MR 253 had higher grain yield and percentage 
of empty grain, but lower percentage of filled grain, compared 
to MA1 under control treatment. The yield of MR 253 was 
relatively higher (0.67 kg/m2) compared to MA1 (0.54 kg/m2) 

under the control treatment. However, the results differed 
with findings of Xiaoguang et al. (2002) and Zainudin et al. 
(2014), who found that yield of aerobic rice varieties were 
greater than the lowland rice, with heavier 1000-grain weight 
under control condition. It was reported that the lowland rice 
variety MR 253, having longer growing cycle compared to 
MA1, could perform well even under less fertile or marginal 
soil environments (Sunian et al., 2012). The yield of MR 253 
was also reported higher than MR 219, when they both grown 
under marginal soil, with average yield of 5937 and 5346 
kg/ha, respectively (Sariam et al., 2012).  
 
Materials and Methods 
 
Plant materials 
 
Two local varieties; an aerobic rice variety MARDI Aerob 1 
(MA1) and lowland rice variety MR 253 were used as planting 
materials. Seeds were sown in a row at 130kg/ha seed rate and 
25 cm distance between rows and all agronomic practices 
were based on recommended production manual (Sariam et 
al., 2015).  
 
Experimental site 
 
The field plot measuring 18.5 by 10.5 m was carried out in the 
experimental farm at the Faculty of Plantation and 
Agrotechnology, Universiti Teknologi MARA (UiTM) Melaka 
Jasin campus from August 2015 to January 2016. The soil series 
of this experimental site is Gajah Mati with an average pH of 
5.95. The percentage of soil Nitrogen (N), Phosphate (P2O5) 
and Potash (K2O) are 0.15%, 0.01% and 0.068%, respectively. 
The means for minimum and maximum temperatures, relative 
humidity and rainfall recorded during the experimental study 
(August 2015 to January 2016) were 24.7 oC, 32. 4 oC, 83.3% 
and 230.4 mm, respectively. 
  
Experimental design and treatments 
 
The experiment was carried out in a randomized complete 
block design (RCBD) with four treatments and three 
replications (blocks). The four treatments were; (T1) - No 
water stress (control), and water stress imposition at selected 
growth stages, (T2) - panicle initiation, (T3) - flowering, and 
(T4) - ripening stages. Experimental details with respect to plot 

size and ways of managing water stress was described 
elsewhere (Nadzariah et al., 2018). The imposition of water 
stress treatments differed between varieties due to different 
maturation period. Water stress treatments were terminated 
when water deficit symptoms such as leaf rolling and wilting 
were detected. The actual crop age and period of water stress 
duration are shown in Table 1.  
 
Plant sampling for biomass and yield components 
 
For each subplot, two 20cm length row strips were randomly 
selected and tagged from two different rows within the 
sampling area. All plants within two 20cm-strips were 
harvested for biomass production and yield components 
studies. 
 
Phenological development 
 
Phenological observation based on the first, 50, and 100% 
appearance/emergence of the following three stages; heading, 
flowering, and maturity were recorded. The observation was 
made based on a total population in sampling area (1m × 1m) 
per replicate excluding the guard rows. 
 
Biomass production  
 
Biomass data were collected only during the final harvest at 
maturation. This was carried out at different days, depending 
on maturity of MARDI Aerob 1 and MR 253 varieties under 
different water stress treatments (Table 2). The collected data 
were dry mass (g) of leaf, stem, panicle, root and total, and 
leaf area (leaf area index and green leaf area index). All data 
obtained per row strip (20cm length) were then later 
converted into unit ground area per meter square (m2).  
 
Yield components  
 
Grain yield, percentage of filled and empty grain were 
analysed using final yield harvest (Table 2). The samples were 
collected from two 20cm length row strips per replicate for all 
yield components analysis. These were similar row strips used 
for biomass production analysis. Grain yield was calculated 
based on formulae by Yoshida (1981). The filled and empty 
grain percentages were based on three panicles randomly 
selected from different tillers and plants taken from the same 
row strip. There was a total of six panicle samples per 
replicate, and eighteen panicle samples per treatment.  

 
Leaf relative water content (Leaf RWC) 

 
Leaf samples for leaf RWC were taken in the morning at 
around 8 to 9 a.m. The measurement was conducted three 
times; before the start of or at the beginning of water stress 
imposition (baseline), followed with the middle stress period 
and the final measurement at the end of water stress period 
just before re-watering. Three leaves were selected randomly 
from different tillers of different plants, making the total of six 
leaf samples per replicate, and eighteen leaf samples per 
treatment. The leaf RWC was measured based on method 
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described by Turner (1981). The leaf samples were cut into 1 
cm length small pieces. The leaf fresh mass (FM) was weighed 
before the leaf was placed in petri dish containing distilled 
water and left for full imbibition overnight at the room 
temperature to obtain turgid mass (TM). The leaf was later 
oven-dried at 70 oC for 48 hours for dry mass (DM) 
determination. The percentage of leaf RWC was calculated as: 
 
Leaf RWC (%)  =  [(FM −  DM)/ (TM −  DM)]  ×  100 
 
Soil moisture content (SMC)  
 
Soil samples were collected in the morning at around 8 to 9 
a.m, on the same day with the leaf sampling for leaf RWC. Soil 
samples at 0 to 20 cm depth were collected randomly at three 
sampling points within a replicate, making the total of 9 
readings per treatment per measurement time. The SMC was 
determined using Gravimetric method (Black, 1965). 
Approximately 10g of fresh soil sample was weighed and 
placed into a crucible. The sample was then oven-dried at 
105oC for 24 hours or until the weight remained constant. The 
sample was left to cool before recording of the oven-dried 
weight. Percentage of soil moisture content was calculated as: 
  
SMC (%) =  (soil fresh weight –  soil oven­dried weight)

/soil oven­dried weight × 100 
 
Statistical analysis 
 
The data analysis was done using one way Analysis of Variance 
(ANOVA) by Statistical Analytical System (SAS) 9.3 software. 
For phenological development, biomass production and yield 
components, the mean comparison between treatments were 
analysed using Tukey’s multiple range test, while correlations 
between leaf RWC, SMC and biomass production parameters 
were analysed using Pearson correlation. All the statistical 
tests were analysed at 5% of significant level.  
 
Conclusion 
 
Panicle initiation stage was the most sensitive period for both 
MA1 and MR 253 varieties as water stress at this stage 
resulted in delayed phenological development, reduced 
panicle dry mass, and severe yield reduction for both varieties. 
For general yield performance, it was concluded that MR 253 
performed better than MA1 under normal aerobic condition 
but not under water stress condition, while MA1 was still able 
to maintain reasonable high yield even under water stress 
condition, except when water stress occurred at the critical 
stage such as panicle initiation stage. 
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