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ABSTRACT: Product efficacy testing during 2006 to 2010 with SBAJA (a novel scientifically formulated 
foliar-spray growth and yield enhancer) in the greenhouse and multi-location field trials registered measurable increase in 
chlorophyll contents, robust and healthier crop growth and increased yield and biomass production. In field trial, rice 
plants receiving normal NPK fertilizer at the rates of 100:50:30 served as control and spray treated with SBAJA at 40 and 
60 days after sowing (DAS). All the experiments were laid out in Randomized Complete Block (RCB) Design and 
replicated five times. Tiller number and panicle characteristics; length, weight, number of grains, number of filled grains 
were significantly increased with 1:300 SBAJA treatment. In addition, 1000 grain weight and rice yield increased 
significantly with SBAJA treatments. Normal fertilizer applications in field trials augmented with SBAJA in 2008-2010 in 
the Selangor North West Project (SNWP), registered measurable increase in rice yields by 25-30% from 6.2 - 6.5 tons/ha 
to 7.8 - 8.9 tons/ha. It is concluded that foliar spraying with SBAJA at 40 and 60 days after sowing increased growth and 
yield of rice under green house and field conditions.  
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INTRODUCTION 

 
Rice is the staple food for more than half of 

the world’s population, influences the livelihoods 
and economies of several billion people and for 
hundreds of millions it is the only thing between 
them and starvation (IRRI, 2006). Rice production 
is the most important source of employment and 
income for rural Asians. For 700 million Asians 
surviving on incomes of less than one dollar a day 
rice can account for as much as 70 percent of their 
daily calories and 40 percent of their income (IRRI, 
2006, 2008). In 2003, approximately 151 million 
hectares were cultivated worldwide, of which Asia 
accounted for some 138 million hectares, 
constituting 90 percent of global rice production 
(BAMBARADENIYA; AMERASINGHE, 2003). It 
is important to increase the yield per hectare of rice 
by applying modern agricultural techniques; using 
hybrid seeds, irrigation, weed control, insecticides 
and pesticides, as well as fertilization practices 
(DOBERMANN et al., 2004). We have developed a 
yet-to-be-patented propriety tentatively known as 
SBAJA™, a growth and yield enhancer for rice in 
the form of liquid foliar spray, comprising of an 
organic blend of emulsified, triacontanol, plant 
extracts, and micro-molar concentrations of the 

macro- and micronutrients required, in an aqueous 
solution including natural chelating agents, humic 
acid, fulvic acid, and a quality spreader/sticker 
synergist. Triacontanol [CH3(CH2)28CH2OH] is a 
straight chain fatty alcohol of 30 carbon atoms and 
exist as constituent of cuticular waxes and beeswax. 
Triacontanol has recently been recognized as a 
potent enhancer of photosynthesis and as a plant 
growth promoter and regulator (CHEN et al., 2002). 
Khandaker et al (2013a) reported that application of 
1-Triacontanol increased the leaf chlorophyll 
content and net photosynthetic rate. It has great 
stimulatory effect on several enzyme activities in 
various plant growth processes and photosynthesis 
leading to enhancement of plant biomass growth 
and crop yield (IVANOV; ANGELOV, 1997).  

A foliar spray technique was chosen for this 
trial because it can be designed to meet the crop’s 
specific needs. It has long been established that 
plant leaves and stems are capable of absorbing 
micro-and macronutrients through a process called 
foliar feeding. Foliar feeding has been reported to 
stimulate plant roots to become more efficient in the 
uptake of all nutrient requirements. Foliar 
application growth regulators increased the net 
assimilation rate and carbohydrate concentration in 
the plant parts (KHANDAKER et al., 2012). 
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Furthermore, it is an economical way of 
supplementing the plant’s nutrients when they are in 
short supply or unavailable from the soils and it has 
been shown that the efficiency of foliar application 
is three-five folds greater than soil-applied 
fertilizers, and can thus significantly reduce the 
amount of fertilizer usage. In many cases aerial 
spray of nutrients is preferred, and this gives quicker 
and better results than the soil application (JAMAL 
et al., 2006). It has been reported that foliar 
application of kinetin improved the plant 
physiological activities (MONERUZZAMAN et al., 
2010). Recently, foliar application of nutrients has 
become an important practice in the production of 
crops while application of fertilizers to the soil 
remains the basic method of feeding the majority of 
the crop plants. Fang et al. (2008) reported the 
effects of a foliar application of zinc, selenium and 
iron fertilizers on nutrient concentration and yield of 
rice grain. It has been reported that foliar application 
nutrient solution increased the net photosynthesis as 
well as yield of salt stress rice (SULTANA et al., 
2001).  

This study represents the effects of 
applications of SBAJA, a novel scientifically 
formulated non-toxic foliar-applied and eco-friendly 
photosynthesis and growth enhancer on (i) 
chlorophyll contents, photosynthetic rates, growth, 
yields and yield components of rice; and (ii) impacts 
of SBAJA application on rice productivity and 
national food security in Malaysia. The aims of this 
study were to investigate the effects of SBAJA on 
growth and yield of MR 220 rice (Oryza sativa L. 
var MR 220) under greenhouse and field conditions. 

 
MATERIAL AND METHODS  

 

Greenhouse experiments 
Pot experiments were carried out under 

natural illumination and environmental conditions in 
the greenhouse at the Institute of Biological 
Sciences, University of Malaya, Kuala Lumpur, 
Malaysia in 2006 -2007 to assess crop growth and 
yields of rice var. MR 220 as influenced by SBAJA 
applications. Soils for pot experiments were 
collected from the Sawah Sempadan rice plantation 
area located on a flat coastal plain in the Northwest 
Selangor Agriculture Development (PBLS), under 
the districts of Kuala Selangor and Sabak Bernam at 
latitude 30 35" 45 and longitude 1010 05" 52. The 
soil texture was clay loam, while the texture of 
surface layers ranged from clay loam to clay. The 
soil is defined as Jawa series and was classified as 
clayey, mixed isohyperthermic sulfic tropaquept. In 
green house conditions, we carried out two 

experiments. In first experiment, only four dilutions 
of SBAJA were tested for leaf chlorophyll content. 
SBAJA concentrates were diluted in water (v/v) 0 
(only water), 1:200, 1:300, and 1:400. In second 
experiment, rice plants are sprayed with 0 fertilizer 
(T1), normal NPK fertilizer at the rates of 100:50:30 
(T2) and normal fertilizer plus foliar SBAJA (T3). 
SBAJA was applied at 20, 40 and 60 days after 
transplant (DAT). 
 

Field experiments 

Extensive multi-location field trials carried 
out with normal fertilizer applications augmented 
with SBAJA in 2008-2010 seasons involving 100 
farmers and 200 ha in the granaries of Selangor 
North West Project (PBLS), KADA in Kelantan and 
MADA, in Kedah. Rates and time of Applications: 
SBAJA concentrates were diluted in water (v/v) 
1:300. Rice plants receiving normal NPK fertilizer 
at the rates of 100:50:30 served as control and spray 
treated with SBAJA at 40 and 60 days after sowing 
(DAS). 
 

Chlorophyll content  
Total chlorophyll content in the leaves of 

plant was recorded using with IRRI Leaf Colour 
Chart and SPAD meter (Konica-Minolta Model 
502). Fresh samples of rice leaves were analyzed for 
pigment contents.  Chlorophyll concentration (a, b 
and total) of these leaves, were determined 
according to Arnon (1949).  

 
Measurement of growth and yield 

parameters/components 
The clonal growth data (plant height and 

tillers number m-2) of the rice crop were recorded at 
25, 45 and 75 DAS and at harvest, while the yield 
and yield components data (panicle number m-2, 
panicle length, % of filled and unfilled grains, 1000 
grains weight, grain yield m-2) were recorded at 
harvest. The heights of ten plants at random were 
taken in each subplot. Hills included all above 
ground plant material panicle length, number of 
grains per panicle, no. and unfilled grain percentage, 
panicle weight,  plant height, tiller number, length of 
flag leaves, 1000 grain weight, yields (1 acre), and 
yields (tons/ha) were determined (ESFEHANI et al., 
2005). For the yield and yield components five one 
m-2 quadrates were placed at random but diagonally 
in each subplot where the crop cutting tests (CCT) 
were carried out. The CCT were also carried in 
other farmers’ fields where similar SBAJA 
applications to the rice crop were made.  
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Experimental design 

In green house, the experiments were laid 
out in a randomized complete block design (RCBD) 
with four treatments for experiment one (1) and 
three treatments for experiment two (2) with three 
different doses and five replications. For field 
experiments in different areas, randomized complete 
block design (RCBD) having split-plot arrangement 
used in the experiment which was replicated in 
thrice. Each 1.2 ha plots were divided into 2 sub-
plots of 0.3 ha each. The pooled data were 
statistically analyzed with MSAT-C statistical 
software and subsequently using Least Significant 
Difference (LSD) test for comparing the treatment 
means.  
 
RESULTS AND DISCUSSION 

 

Greenhouse experiments - SBAJA
 
application on 

leaf chlorophyll content of rice (Oryza sativa L. 

var. MR220) 

Leaf chlorophyll content, a good indicator 
of photosynthesis activity, mutations, stress and 
nutritional state, is of special significance to 
precision agriculture. Hansen and Schjoerring, 
(2003) reported that leaf chlorophyll content altered 
the leaf transmittance and reflectance in the visible 
region. It has been reported in the green house 
experiments, that the chlorophyll content of rice 
leaves significantly affected by doses of SBAJA 
(Figure 1).  

Results showed that the highest chlorophyll 
content (a, b and total) was recorded in 1:300 
dilution treatment, whereas, the lowest chlorophyll 
content was control treatments. Our results are 
supported by the results of Peng et al. (1995), who 
reported that leaf chlorophyll content had a 
significant effect on photosynthetic rate and grain 
yield of rice. It was also reported that net 
photosynthesis increased with chlorophyll content 
(Khandaker et al., 2013b). 

 

 
Figure 1. Effect of different concentration of SBAJA on chlorophyll content of MR220 rice variety at 40 days 

after sowing under green house condition. 
 

Greenhouse experiments – SBAJA application on 

growth and yields of rice (Oryza sativa L. var. 

MR220) 
The foliar application of SBAJA had 

significant effect on the number of tiller/genet 
(Figure 2, A). Our greenhouse results showed that, 
maximum tiller number was recorded T3 treatment 
(rice + NPK fertilizer + SBAJA) at different days of 
observations, while minimum number of tiller/genet 
was recorded in T1 treatment (rice control). This 
might be due to the fact that SBAJA treated rice 
plant get more nutrients which in return produced 

more tillers/genet. Secondly it might be due to that 
crop response was more to favorable environment in 
term of increased vegetative growth like tillers 
production. Our results shows that foliar fertilizer 
meant for rice improved tillering and produced the 
highest number of fertile panicles. These results are 
in the conformity with those of Dafen et al. (1999), 
who reported that number of tillers m-2 increased 
with foliar application of Potash, similarly Shah and 
Saeed (1989) also reported that foliar spray of urea 
increased the number of productive tillers.
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Figure 2. Mean number of tillers per genet (A), panicle length (cm) (B), panicle weight (g) (C), no. grain (D) of 

rice var. MR 220 plants at 25, 45, 75 days and harvest time as influenced by fertilizer and SBAJA 
applications. T1-rice control; T2-rice + NPK fertilizer; T3-rice + NPK fertilizer+SBAJA. 

 
Recently, it has been reported that a small 

amount of nutrients (nitrogen, potash or phosphate) 
applied by foliar spraying increases significantly the 
yield of crops (HAQ; MALLARINO, 2000).  It has 
been shown in our study that, foliar application of 
SBAJA produced a significant effect on panicle 
characteristics. The results shows that, T3 treatment 
also produced longest panicle than the T2 and T1 
treatments and these differences were significant 
among the treatments (Figure 2, B). Application of 
SBAJA may be supply more nutrient to the plants, 
thus the nutrient takes part in panicle formation as 
well as panicle elongation. Chopra and Chopra 
(2004) reported that nitrogen had significantly 
effects on yield attributes such as plant height, 
panicle plant-1 and 1000-seed weight with increasing 
levels of N up to 120 kg N ha-1 in rice. The highest 
panicle weight was recorded in T3 treatment 
followed by T2 treatment, while, the lowest panicle 
weight observed with T1 (Figure 2, C). Our results 
are supported by the findings of Soylu et al. (2005) 
and Kenbaev and Sade (2002), they reported that 
significant increase in number of panicles m-2 with 
foliar application of different micronutrients 
individually or in combination. 

Similarly to panicle weight, number of 
grain/ panicle was also significantly affected by 
SBAJA. Results showed that T3 treatment (with 
SBAJA) produced the highest number of grain/ 
panicle, whilst, the rice plants which did not receive 
any SBAJA nutrient recorded the lowest number of 
grain/ panicle (Figure 2, D). SBAJA applications 
registered robust and healthier crop growth vis-à-vis 
the control (Figure 3). Treated rice plants recorded 
higher values of panicle weight and length; better 
grain filling/panicle; number of filled grain/panicle; 
total number and weight of grain/panicle; and crop 
yields. Our results are supported by findings of Fang 
et al. (2008), who reported that foliar application of 
zinc, selenium and iron fertilizers increased grain 
yield. 
 

Field trials-SBAJA on growth and yields of rice 

(Oryza sativa L, var.MR220) 
Tejada and Gonzalez (2004) reported that 

the foliar fertilization with a byproduct rich in 
humic substances with macro-and micronutrients 
increased the concentration of micronutrients Fe, 
Cu, Zn and Mn, and macronutrients N, P, and K in 
leaves up taken by plants. Invariably, SBAJA 
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applications registered better, healthier and more 
robust crop growth compared to those in the control 
plots. There were measurable time-mediated 

differences in chlorophyll content of rice (Oryza 
sativa L. var.MR220) with SBAJA treatments vis-à-
vis the control. 

 
Table 1. Effects of SBAJA application on chlorophyll contents of rice (Oryza sativa L. var. MR 220) leaves. 
                                                               PLOTS No  

DAS             A                     B                      C*                  D                    E*                   F 

60                40.12 a         42.80 a             27.40 a            41.92 a             25.60 a           40.16 a  
75                37.30 a         29.37 b             21.80 b            34.92 b            19.80 b           35.05 b 
85                28.15 b         29.30 b             17.80 b            29.80 c            17.20 b           27.60 c  
95                17.60 c         15.50 c             10.50 c            16.40 d            10.20 c           16.20 d  
Control* (no SBAJA application). Means within the same column followed by the same letter do not differ significantly according to the 
LSD test at ά=0.05 (N = 25). 

 
At 60 DAS, the SPAD meter readings 

registered values ranging from 40.12 to 42.80 
compared with 25.60-27.40 in plots receiving 
normal fertilizer treatment. The parallel figures for 
rice plants in treated plot at 95 DAS were 15.50 -
17.60 whereas in the control plots these were 10.20-
10.50 (Table 1). Islam et al. (2009) reported that 
application fertilizer increase the chlorophyll 
content of rice leaves. They also stated that Leaf 
chlorophyll content had a strong contribution to 
grain yield of rice. Foliar fertilizer application to the 
leaves is the most efficient way to get food nutrients 
to crop for it produce maximum yield and quality. 
Nicoulaud and Bloom (1996) reported that most 
plants absorb foliar applied urea rapidly and 
hydrolyze the urea in the cytosol. 
Lin and Zhu (2000) stated that foliar spraying of 
regent at heading stage increased grain yield as a 
result of increasing grain number per panicle 

compared with control, leaf senescence was 
inhibited and leaf chlorophyll and photosynthesis 
were increased by foliar application of regent at 
heading stage. It also been reported that 
supplementary foliar fertilization during crop 
growth can improve the mineral status of plants and 
increase the crop yield (KOLOTA; OSINSKA, 
2001). The biological yield of biomass revealed a 
significant increase with the foliar application of 
nutrients. Sadana et al. (2002) also reported that 
yield of dry matter increased with foliar application 
of Mn. From the results of field trial, it was 
observed that SBAJA application promotes culms 
and root growth. SBAJA applications registered 
higher values of panicle weight and length; better 
grain filling/panicle; number of filled grain/panicle; 
total number and weight of grain/panicle; and crop 
yields (Table 2).  

 
Table 2. Yield and yield components of rice var. MR 220 treated with SBAJA in small-scale farmers-managed 

field trials (10ha) (2008-2010) (6 seasons) in Tanjung Karang granary, Selangor, Malaysia. 
MR220     Panicle        Panicle        Panicle         No. Filled    No. Unfilled   Total no.   1000         Yield          
Variety     no/sq.m    Length (cm)   Weight (g)        grain        grain                grain       grain wt    ton/ac         
ton/ha 
2008field trials 
Control     314 a         26.2 b           27.6 b              90 b           24 b             118 b          29.87 a        2.84 b       
7.09 b 
SBAJA      316 a         31.5 a          32.2 a             120 a           36 a             156 a          30.11 a        3.84 a        
9.59 a  
2009 field trials 

Control      315 a         27.6 b           28.8 b             96 b           20 b              116 b         30.12 a        3.06 b      
7.65 b  
SBAJA      314 a         31.4 a           32.7 a             124 a          33a              157 a          30.21 a       3.95 a       
9.87 a 
2010 field trials 

Control      310 a         27.2 b          28.6 a              93 b           27 b              120 b          30.31 a         2.94 b      
7.34 b  
SBAJA      311 a        31.6 a          32.7 a             128 a           42 a              170 a           30.22 a        4.04 a     
10.10 a 
Means within the same column followed by the same letter do not differ significantly according to the LSD test at ά=0.05 
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This study revealed that foliar applications 
of SBAJA resulted in a significant increase in 1000 
grain weight. This may be due to the provision of 
macro-and micronutrients at later stages, which 
might have enhanced the accumulation of 
assimilates in the grains and thus resulted in heavier 
grains of rice. Our results supported by the findings 
of Soylu et al. (2005) and Guenis et al. (2003) who 
reported a significant increase in 1000 grain weight 
with the foliar application of micronutrients. Foliar 
application may guarantee the availability of 
nutrients to rice for obtaining higher yield. Our 
large-scale extensive multi-location field trials with 
normal fertilizer applications augmented with 
SBAJA in 2008-20010 in the Selangor North West 
Project (SNWP), and greenhouse experiments 
registered measurable increase in rice yields by 25-
30% from 6.2-6.5 tons/ha to 7.8-8.9 tons/ha. Parallel 
figures in farmers-managed field trials with SBAJA 

in SNWP recorded yields ranging from 9.60 -10.00 
tons/ha vis-à-vis 7.00 - 7.70 tons/ha in plots 
receiving only normal NPK fertilizers. Some 
farmers secured yields as high as 10 tons/ha in 
Sungai Besar or 12 tons/ha in Sekinchan, Selangor 
when normal fertilizer applications were fortified 
with foliar sprays of SBAJA. Interestingly, SBAJA 
promotes better crop growth even in dry fields 
possibly due to better root productions in rice plants. 
Liew et al. (2010) reported that the application of 
special fertilizers in conjunction with proper filed 

maintenance increased the production of MR 219 by 
27% from 4.62 tons per hectare to 5.87 tons per 
hectare. 

 
Socio-economic Impacts - SBAJA

 
application on 

rice production, self-sufficiency level (SSL) and 

food security in Malaysia 
We believe that the national target of 

achieving national rice production from the current 
level of 2.30 million tons to 2.95 million tons can be 
achieved with extensive use of SBAJA by rice 
farmers in the country by 2010 to attain 86% level 
of SSL. 

With an extra investment of only ca. 
RM200/ha on SBAJA, farmers can reap an extra net 
income of no less than RM 1,200 - 1,500/ha (Figure 
3). Based on a minimal incremental yields of just 1 
ton/ha/season from 100,000 ha of rice area, we 
projected a parallel increase of 200,000 tons/yr of 
rice valued at RM240 - RM300 million/year with 
input investment of RM80 million/year of SBAJA. 
In the same vein and based on 300,000 ha of rice 
fields using the standard fertilizer regimes but 
fortified with SBAJA foliar sprays, yield projections 
of 600,000 tons/year valued at RM 720 million - 
RM 900 million/year (Figure 4). These yield figures 
are projected to meet 86% of SSL in rice by 2010. 
We expect to achieve 100% SSL in rice by 2015 
with wide usage of SBAJA by rice farmers in the 
country. 

 
 

 
 

Figure 3. Mean increased production in rice tonnage following SBAJA applications and returns to farmers in 
Sungai Besar, Selangor, Malaysia 
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Figure 4. Impacts of SBAJA application on rice production, self-sufficiency level (SSL), and food security in 

Malaysia. 
 

With an extra investment of only ca. RM 
200/ha for SBAJA, farmers can reap an extra net 
income of MYR1,000 -1,500/ha. Based on a 
minimal incremental yield of just 1 ton/ha from 
100,000 ha of rice area, we projected a parallel 
increase of 200,000 tons/yr of rice valued at MYR 
200 million/yr with input investment of MYR 40 
million of SBAJA. Parallel figures for 600,000 ha of 
effective rice growing areas treated with SBAJA 
would be rice production of 1,200,000 ton/yr valued 
at MYR1.4 billion - 1.8 billion/year not only 
contribute to national saving but also meeting the 
national SLL of 100% in rice supply by 2015. 
 
CONCLUSIONS 

 
The tested dilution of SBAJA (1:300) can 

increase the growth and yield of rice (MR220) both 
green house and field conditions.  

Foliar application of SBAJA increased the 
leaf chlorophyll content and net photosynthesis as 
well as productivity of rice. Tiller number per 
genete, panicle length, weight, number of grain in 
panicle, number of filled, unfilled and total number 
of grain was also increased by SBAJA treatment. 

Additionally, 1000 grain weight and yield of rice 
increased significantly with spray treated of SBAJA.  

We are confident that the adoption of 
SBAJA to augment normal fertilizer applications in 
rice fields by Malaysian farmers not only will help 
to achieve national SSL target in rice to meet 
domestic market demand, thus reducing dependence 
on foreign supply and import bills, but also meet the 
national needs of food security in the ensuing 
decades. We are equally confident that should 
SBAJA be adopted by farmers in the ASEAN region 
and beyond, food security in terms of rice supply for 
the growing populace can be met. 

 
ACKNOWLEDGEMENTS 

 
The authors thank the Ministry of 

Agriculture and Agro-based Industry Malaysia for 
the financial support under the Techno Fund 
Research Grant (TF003-2010) and Norhapipah 
Satam for her technical support. It is also 
acknowledge that we have no direct financial 
relation with the commercial identity of this product 
mention in the manuscripts. 

 
 
 
RESUMO: Os testes de eficácia do produto durante 2006 a 2010 com SBAJA (um novo spray foliar 

cientificamente formulado) em estufa e ensaios de campo em várias localizações registraram aumento mensurável nos 
teores de clorofila, crescimento robusto e mais saudável das culturas e aumento do rendimento e da produção de biomassa. 
No ensaio de campo, plantas de arroz recebendo adubo NPK normal nas doses de 100:50:30 serviram como controle e 
foram tratadas com SBAJA aos 40 e 60 dias após a semeadura (DAS). Todos os experimentos foram dispostos no formato 
Randomized Complete Block (RCB) e replicados cinco vezes. Número de perfilhos e características da panícula; 
comprimento, peso, número de grãos, número de grãos preenchidos foram significativamente aumentados com o 
tratamento com 1:300 SBAJA. Além disso, o peso de 1000 grãos e o rendimento de arroz aumentaram significativamente 
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com os tratamentos da SBAJA. Aplicações normais de fertilizantes em testes de campo aumentados com a SBAJA em 
2008-2010 no Projeto Selangor North West (SNWP), registraram aumento mensurável na produção de arroz de 25-30% de 
6,2 a 6,5 toneladas/ha para 7,8 a 8,9 toneladas/ha. Conclui-se que a pulverização foliar com SBAJA aos 40 e 60 dias após a 
semeadura aumentou o crescimento e o rendimento do arroz em estufa e em campo. 

 

PALAVRAS-CHAVE: SBAJA. Crescimento. Rendimento. Arroz. Malásia. 
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