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 Sink size (spikelets/m2) is one of the factors that contribute to the yield drawback in 
aerobic rice. Spikelet production is influenced by crop nutrient uptake thus aerobic rice 

in this paper was subjected to different approaches of supplementing soil nutrient 

availability. The objective of this paper is to evaluate and compare the effects of these 
different approaches on the yield components of aerobic rice. Results showed that the 

sink size was augmented only in the mulch treatment while fertilizer treatments had no 

effect on the yield components of aerobic rice. Rice straw mulching thus offers the best 
approach in augmenting the sink size of aerobic rice.  
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INTRODUCTION 

 

Aerobic rice is a novel approach to growing rice in the light of impending water shortage although its 

benefit is overshadowed by its drawback, namely lower yield production. The average yield of aerobic rice is 

between 6 t ha
-1

 [1] to 7 t ha
-1

 [2], and this is inferior in comparison to yields from the conventional practice [3], 

with 20–30% lower yield [4-5] or lower yield by 2 t ha
-1

 [6]. It is even worse when aerobic rice is grown in the 

tropics; high yield can only be achieved when rice is grown once in four crops [7], as continuous cropping was 

reported to result in yield reduction [3]. 

One of the main reasons for yield drawback in aerobic rice is smaller sink size [1,3]; sink size (spikelets/m
2
) 

contributes more to the yield gap between aerobic and flooded rice than grain filling percentage and 1000-grain 

weight as flooded rice produces more panicles with more spikelets per panicle than aerobic rice [3]. Spikelet 

production is influenced by nutrient uptake, especially nitrogen. In this paper, aerobic rice MRQ74 was 

subjected to different methods of supplementing nutrients, from the conventional approach of broadcasting 

fertilizers to straw mulching. Straw incorporation in the soil is normally associated with initial nitrogen 

immobilization [8-9] and the effect is only temporary [9-10]. At a later stage, nitrogen mineralization is 

enhanced under straw treatment [8,11-12], enriching nitrogen availability in the soil [13-16]. 

In addition to the conventional approach of broadcasting fertilizers, aerobic rice was also subjected to 

SPAD-based fertilizer application. In this approach, nitrogen status in rice plants is assessed by their leaf 

chlorophyll content, as nitrogen is one of the staple elements of chlorophyll [17-19]. The assessment is done 

using a chlorophyll meter (SPAD meter, Soil and Plant Analysis Division, Minolta Co.), which offers a simple, 

quick and non-destructive approach [20-23]. This relatively new approach has successfully increased the 

efficiency of flooded rice in utilizing applied fertilizers [19, 24-25], reduced nitrogenous-fertilizer usage by 11% 

and improved grain yield by 12% (26) or at least, maintained high yields [24-25]. 

The objectives of this paper are to evaluate and compare the effects of i) varying fertilizer dosages, ii) 

SPAD-based fertilizer application, and iii) rice straw mulching on the yield components of aerobic rice MRQ74. 

 

MATERIALS AND METHODS 
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Research Location: 

Aerobic rice was grown in a greenhouse on the grounds of Institute of Biological Sciences, University of 

Malaya, Kuala Lumpur (3
o
07’15’’N, 101

o
39’23’’E). The greenhouse was built using wire nets to allow 

exposure to natural air flow, sunlight and rainfall. 

 

Crop Management: 

Rice plants were grown in pots, one for each rice hill. Seeds of aerobic rice were grown in a plastic tray 

before being transplanted, with three seedlings per hill. Plants were watered daily and insecticides were sprayed 

once every fortnight for insect control, whereas fertilizers were applied based on the conventional practice 

(Table 1). 

 

Experimental Design: 

Varying fertilizer dosages (VFD). Aerobic rice was subjected to different fertilizer dosages by 

administering them at the times that are described in Table 1, consisting of five different dosages: F0 (no 

fertilizer applied), F50 (50% of the recommended dosage), F150 (150% of the recommended dosage), F200 (200% 

of the recommended dosage) and the control treatment (CVFD).  

SPAD-based fertilizer application (SF). Fertilizers were administered when the chlorophyll meter (SPAD-

502, Soil-Plant Analysis Development (SPAD) Section, Minolta Camera Co., Osaka, Japan) showed an average 

reading of less than 35, which is the threshold value for transplanted rice, whereas for direct-seeded rice it is 32-

33 (27). When the chlorophyll meter showed readings of less than 35, three different fertilizer treatments were 

applied: S50 (50%, or half the amount of the recommended dosage), S100 (100%, or the full amount of the 

recommended dosage), and a control treatment (CSF), which received fertilizers according to Table 1. Five full-

grown leaves of similar size (width x length) were randomly selected from each plant once a week for leaf 

chlorophyll content assessment. 

Straw mulching. Rice straw was applied three months prior and one day after rice was transplanted. Prior 

application of straw mulch was done to avoid nutrient immobilization.  

Rice pots were arranged in a complete randomized design with six replications. The data was subjected to 

analysis of variance (ANOVA) and significant differences between means were analyzed using Duncan’s 

Multiple Range Test. 

 

Measurements on Yield Components: 

Rice panicles were hand-threshed before being oven-dried at 70
0
C for two days. The numbers of filled and 

empty spikelets were counted manually. 

 

RESULTS AND DISCUSSIONS 
 

Rice straw mulching in aerobic rice improved spikelet production although it only increased the number of 

empty spikelets (Table 2) while neither varying fertilizer dosages nor SPAD-based fertilizer application had any 

significant effect on the yield components of aerobic rice (Table 3 and Table 4, respectively). Spikelet 

production is influenced by nutrients availability, particularly nitrogen [28], as the number of spikelets 

correlated strongly with nitrogen uptake at heading [29-30]. Better sink size under mulch treatment could be 

attributed to the mineralized nitrogen which enriched the soil with its availability. 
 

Table 1: Recommended fertilizer application for aerobic rice. 
Day after transplant (DAT) N:P:K Amount 

20 
15:15:15 

200 kg ha-1 
40 

65 13:13:22 

85 12:12:17 + MgO2 

 
Table 2: Effects of rice straw mulch on the yield components of aerobic rice. 

 
Spikelets  per 

hill 
Filled spikelets 

Empty 

spikelets 

% Filled 

Spikelets 
% Empty Spikelets 

Weight of 1000 

grains (g) 

Treatment       

Control 578 ± 72 461 ± 65 117 ± 26 79.83 ± 9.54 20.17 ± 9.54 24.00 ± 0.60 

Mulch 744 ± 108  583 ± 127 161 ± 39 78.40 ± 12.17 21.60 ± 12.17 24.05 ± 1.40 

t-test -3.6** ns -3.5** ns ns ns 

Data presented as mean ± SD.  
ns – non-significant ** - significant at p = 0.01 

 

Table 3: Effects of varying fertilizer dosages on the yield components of aerobic rice. 

Yield Components 
Fertilizer Treatments 

F0 F50 ControlVFD F150 F200 

Spikelets per hill 434 ± 261 984 ± 391 589 ± 158 153 ± 22 543 ± 336 
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Filled Spikelet 355 ± 215 852 ± 336 440 ± 212 114 ± 35 431 ± 262 

Empty Spikelet 79 ± 45 132 ± 64 83 ± 23 40 ± 15 112 ± 28 

      

Percentage of Filled Spikelet 80.27 ± 2.67 85.90 ± 2.80 83.95 ± 5.17 70.20 ± 15.17 80.45 ± 2.13 

Percentage of Empty Spikelet 19.73 ± 2.67 14.10 ± 2.80 16.05 ± 5.17 29.80 ± 15.17 19.55 ± 2.13 

      

Weight of 1000 grains (g) 17.75 ± 1.84 16.14 ± 0.53 17.01 ± 1.04 21.29 ± 2.70 16.54 1.77 

Average of five replicates. Data presented as means ± SE. 

 
Table 4: Effects of SPAD-based fertilizer application on the yield components of aerobic rice. 

Yield Components 
SPAD-based Fertilizer 

S50 S100 ControlSF 

Spikelets per hill 758 ± 103 890 ± 415 591 ± 256 

Filled Spikelet 647 ±84 754 ± 414 486 ± 210 

Empty Spikelet 111 ± 28 136 ± 33  105 ± 48 

    

Percentage of Filled Spikelet 85.57 ± 2.39 80.58 ± 3.00 81.38 ± 1.98 

Percentage of Empty Spikelet 14.43 ± 2.39 19.43 ± 3.00 18.62 ± 1.98 

    

Weight of 1000 grains (g) 16.86 ± 0.21 16.58 ± 1.58 19.25 ± 2.55 

Average of five replicates. Data presented as means ± SE. 

 

By contrast, applying fertilizers based on the conventional approach did not enhance the yield production of 

aerobic rice, despite higher dosages: this could perhaps be attributed to soil water availability. Rice crops in this 

research were grown aerobically, thus receiving approximately similar amounts of water supply and 

subsequently, this may have resulted in similar amounts of nutrient uptake. Higher soil water availability has 

been associated with better nutrient uptake [31-32]; for example, the aboveground nitrogen uptake in flooded 

rice was four times higher than in aerobic rice [33]. 

Nitrogen uptake was significantly affected by the rate of nitrogen application [34], which influences leaf 

chlorophyll content [18-20]. In lowland rice, zero fertilizer application resulted in SPAD-readings of 24.0 at 

DAT 65 (week 10) whereas applying nitrogenous-based fertilizer at 375 kg ha
-1

 displayed a reading of 42.3 [35]. 

Meanwhile, in a similar week, aerobic rice in the current research exhibited readings of 31.0 under zero fertilizer 

treatment (F0), while fertilizer application at 300 kg ha
-1

 (F150) and 400 kg ha
-1

 (F200) showed readings of 37.8 

and 38.2, respectively (Figure 1). This comparison further emphasized the importance of soil water availability 

for nutrient uptake. 

Despite higher spikelet production, straw mulching did not improve the grain filling in aerobic rice. Grain 

filling is determined by the accumulation of assimilates and photosynthesis [36-37]. Up to 90% of rice grains 

are derived from post-heading leaf photosynthesis, especially from the flag leaf [38-39]. The lack of filled grains 

that was observed in mulch treatment suggests the need to study crop storage pattern in aerobic rice along with 

leaf photosynthesis in order to address the yield drawback in aerobic rice. 

 

Conclusion: 

The practice of rice straw mulching narrows the gap between aerobic and flooded rice by increasing the 

sink size, although further research is needed to improve grain filling. The lack of response from fertilizer 

treatments on the yield components imply that nutrient management in aerobic rice needs re-evaluation and 

applying rice straw as mulch may offer more benefits to aerobic cultivation than just increasing sink size. 

 

                       
Fig. 1: Effects of varying fertilizer dosages on the leaf chlorophyll content of aerobic rice MRQ74. Vertical 

lines represent LSD (p = 0.05). 
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