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Abstrak: Peranan tabung karbon nano berdinding banyak (MWNTs) dan functionalised tabung karbon nano berdinding banyak (fMWNTs) dalam meningkatkan keberkesanan baja urea (UF) untuk pertumbuhan MR219 padi tempatan diselidiki. MWNTs dan fMWNTs telah digabungkan dengan UF untuk menghasilkan baja urea-tabung karbon nano berdinding banyak (UF-MWNTs) dengan tiga keadaan yang berbeza, dikodkan sebagai FMU1 (0.6 wt.% fMWNTs), FMU2 (0.1 wt.% fMWNTs) dan MU (0.6 wt.% MWNTs. Padi MR219 telah ditanam secara sistematik mengikut prosedur yang dilakukan oleh Institut Penyelidikan dan Kemajuan Pertanian Malaysia (MARDI). Prosedur ini dijalankan di dalam pot di bawah pendedahan cahaya matahari secara semula jadi dengan teknik pembajaan sebanyak tiga kali, selepas tabur (HLT) iaitu pada 14, 35 dan 55 hari. Menariknya, didapati bahawa pertumbuhan padi dengan pembajaan FMU1 dan FMU2 telah meningkat dengan ketara sebanyak 22.6% dan 38.5% berbanding pertumbuhan padi dengan pembajaan MU. Juga, padi yang dibaja dengan FMU 1 menghasilkan 21.4% bilangan tangkai yang lebih tinggi dan hasil bijirin 35% lebih tinggi daripada MU, manakala padi yang dibaja dengan FMU 2 memberikan nilai 28.6% dan 36% lebih tinggi jumlah tangkai dan hasil bijirin daripada MU. Ini telah menunjukkan kelebihan fMWNTs ke atas MWNTs untuk digabungkan dengan UF sebagai baja. Komposisi kimia dan kajian morfologi UF-MWNTs yang telah dicirikan oleh FTIR dan FESEM menunjukkan kejayaan dan kesebatian campuran gabungan UF dengan fMWNTs.

Kata Kunci: Functionalised, Tabung Karbon Nano Berdinding Banyak, Baja Urea, Padi


Abstract: The roles of multi-walled carbon nanotubes (MWNTs) and functionalised multi-walled carbon nanotubes (fMWNTs) in enhancing the efficacy of urea fertilizer (UF) as plant nutrition for local MR219 paddy variety was investigated. The MWNTs and fMWNTs were grafted onto UF to produce UF-MWNTs fertilizer with three different conditions, coded as FMU1 (0.6 wt. % fMWNTs), FMU2 (0.1 wt. % fMWNTs) and MU (0.6 wt. % MWNTs. The batches of MR219 paddy were systematically grown in accordance to the general practice performed by the Malaysian Agricultural Research and Development Institute (MARDI). The procedure was conducted using a pot under exposure to natural light at three different fertilization times; after a certain number of days of sowing (DAS) at 14, 35 and 55 days. Interestingly, it was found that the crop growth of plants treated with FMU1 and FMU2 significantly increased by 22.6% and 38.5% compared to plants with MU addition. Also, paddy treated with FMU1 produced 21.4% higher number of panicles and 35% more grain yield than MU while paddy treated with FMU2 gave 28.6% more number of panicles and 36% higher grain yield than MU, which implies the advantage of fMWNTs over MWNTs to be combined with UF as plant nutrition. The chemical composition and morphology of UF-MWNTs fertilizers which is further characterised by FTiR and FESEM confirmed the successful and homogeneous grafting of UF onto the fMWNTs.
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INTRODUCTION

The landscape of modern technology in agriculture has been reshaped through recent development in nanomaterials (NMs) as a smart delivery system for efficient plant growth. NMs as smart delivery systems are well documented in the field of medicine, particularly for drugs and gene delivery (Panyam & Labhasetwar 2003; Kam et al. 2005; Zharov et al. 2005; Roco 2003; Lu et al. 2008). In agriculture, research on smart delivery systems are reported on the delivery of pesticides encapsulated in NMs for UV-shielding (Li et al. 2007) and assisted delivery of genetic material for crop improvement (Vijayakumar et al. 2010). Ghormade et al. (2011) and Wilson et al. (2008) have shown potential applications of NMs in agriculture to reduce the use of fertilizers by assisting in the controlled and slow-release of fertilizers. The NMs smart delivery system has led to the advancement of agriculture technology due to unique properties such as time control, specific targets, highly controlled, remotely regulated/pre-programmed/self-regulated and multifunctional characteristics avoiding biological barriers for effective targeting (Nair et al. 2010). In addition, the application of NMs reduces fertilizer use and increases agriculture yields through an optimized nutrient management (Srilatha 2011; Bhattacharyya et al. 2010; Garcia et al. 2010; Rashidi & Khosravi-Darani 2011; Sharon et al. 2010). NMs delivery system targets the plant to take up nutrients efficiently and enhance the germination rate of plants by improving the intake of water as well as oxygen (Zheng et al. 2005; Khot et al. 2012). Hence, leaching and losses of nutrients to unintended targets like soil are reduced.

Owing to MWNTs special physicochemical properties, which is the unique ability as molecular transporter for plant cells walls (Liu et al. 2009) that stimulates crop growth, improves the soil environment and promotes crop growth metabolism (Lu et al. 2002; Liu et al. 2007; Xiao et al. 2008). This ability makes MWNTs a great promise for progress in agricultural activities. The findings of the research on the impacts of carbon-based NMs combined with fertilizer on plants was reported by Liu et al. (2008) indicating the saving of nitrogenous fertilizer for winter wheat. Besides, they also found an increase of the yield and quality of the crop. A study of the effects of carbon NMs fertilizer on late rice by Qian et al. (2010) in the double rice season area of Southern China revealed that the use of carbon NMs fertilizer increases the number of glume flowers per year, fertility and the rice yield. Concurrently, the carbon NMs fertilizer was observed to slow down the rate of fertilizer release, hence reducing the amount of fertilizer used and improving the nitrogen uptake efficiency (NUE). This positive result agreed well with the role of carbon NMs in fertilizer for the enhancement of plant growth and yield. It encouraged researchers to explore the potential of combined carbon NMs with fertilizers in agriculture.

These findings are important in improving nitrogenous fertilizers which are mainly contributed by the urea fertilizer (UF) efficiency especially for paddy growth. Nitrogen (N) plays a critical role in paddy growth and productivity as it is required for the synthesis of many essential molecules including nucleic acids (DNA and RNA), amino acids and proteins (Fan et al. 2014; Lea & Jean-Francois 2001; Epstein 1972). Referring to the International Fertilizer Industry Association’s (IFA) Fertilizer Outlook 2013–2017, global N fertilizer demand would grow slightly to 107.5 million metric tons of N. The data presented showed a large volume of fertilizers used by the agricultural sector, especially the N fertilizer. However, it is not easy to increase the efficiency of mineral N fertilizers because plants normally take up N as nitrate or ammonium ions. It was reported that between 50% and 70% of the nitrogenous fertilizer is lost through leaching and gas emission of ammonia and nitrogen oxides to the atmosphere (Maene 1995). These may contribute to unfavourable environmental impacts and higher operational costs to farmers. Uncontrolled applications of UF also have adverse effects to aquatic life due to eutrophication causing excessive algae growth.

However, nanotoxicology of pristine MWNTs used with UF had raised great concerns regarding the side effects, biodegradability and their translocation into the food chain (Fiorito et al. 2006). Sayes et al. (2006) reported a high degree of CNTs functionalization would lead to a significant reduction in toxic effects, and this is important to eliminate cross contamination in the food chain during crop agricultural activities. Furthermore, functionalisation is important for further modification of MWNTs. Thus, functionalisation on MWNTs is essential in order to use them in the agricultural field. The main aim of this work is to study the different effects of pristine MWNTs and functionalised MWNTs combined with UF on paddy growth rate. In this study, we exposed the MR219 local paddy variety to MWNTs combined with UF in soil and observed the effects on their growth rate.


MATERIALS AND METHODS

Preparation of UF-MWNTs Fertilizer

Commercially available chemical vapour deposition-grown MWNTs with purity of >95% were used. The fMWNTs with 4 wt. % of carboxyl (-COOH) functional groups were purchased from Cahaya Tech, Malaysia. Various amounts of MWNTs and fMWNTs were sonicated before stirring with urea fertilizer for 6 hours at room temperature and 150 rpm. Samples were then dried in the oven at 70°C for 280 minutes.

Plant Materials and Growth Conditions

The Malaysian local paddy variety (MR219) rice seeds were rinsed thoroughly and soaked for 24 hours in water. The seeds were then left to germinate on plastic containers for 24 hours. Uniform seedlings were selected and then transferred to differently labelled pots containing soil samples collected from agricultural field for wet rice (Oryza sativa L.) with field capacity of 32% and N content of 0.2%. All seedlings were grown for 110 days with variable UF-MWNTs fertilizer treatments. Ordinary fertilizers such as phosphorus (DAP) and potassium (muriate of potash) were applied in one time application at a rate of 50 kg ha−1. The paddy was grown in a pot under natural light conditions. The fertilizer was applied three times, that is, 14, 35 and 55 days after the sowing period at a rate of 120 kg ha−1 and following a standard procedure set by (MARDI). The experiments were performed for 110 days after sowing.

Characterization of Fertilizer

Imaging was performed using a field emission scanning electron microscope (FESEM), Hitachi SU8000 for morphological observation on samples.

Plant Growth Analysis

The height of the plants were recorded weekly after the first application of fertilizer and used to plot the growth trend. Fresh plants were harvested after 110 days, and the number of panicles and filled grains were recorded. The plants were dried in the oven at 100°C for 24 hours, and their weights were recorded as TDW. Consequently, they were grounded for Total N content analysis. Total nitrogen content was measured according to the Kjeldahl method (Li et al. 2008).


RESULTS AND DISCUSSION

Total Nitrogen (N) Evaluation

Total N content of different UF-MWNTs fertilizer (FMU1 with 0.6 wt. % fMWNTs, FMU2 with 0.1 wt. % fMWNTs, and MU with 0.6 MWNTs), that bind on the surface of MWNTs and paddy straw treated with different UF-MWNTs fertilizers were shown in Table 1. UF is used as the main fertilizer for paddy due to high value of N content which is 46%. This means that any process to enhance the efficiency of UF should maintain the N content. Obviously, total N content in MU was much lower than the original N content of UF, which was 44.8%. Fortunately, total N content of FMU1 and FMU2 were still within the acceptable limit, which was 45.3% and 45.1% respectively. This indicates that the amination process to introduce N from UF onto the surface of fMWNTs successfully prevented any losses of N from UF compared to the amination process with MWNTs. Functional groups on the surface of fMWNTs activated their surfaces active enabling them to retain more N during the amination process than non-active sidewalls of MWNTs.

Table 1: Total N content of different UF-MWNTs fertilizer and paddy straw treated with different UF-MWNTs.



	UF-MWNTs fertilizer

	Total N (%) of UF-MWNTs fertilizer

	Total N (%) bind on the surface of MWNTs

	Total N (%) of paddy straw




	FMU 1

	45.3

	1.40

	0.93




	FMU 2

	45.1

	1.27

	0.99




	MU

	44.8

	0.28

	1.7





After removing the excess UF through washing all the samples of UF-MWNTs fertilizer with deionised water, a small percentage of N content in UF were found to bind on the surface of fMWNTs. It has been discussed earlier that the advantages of MWNTs to have a unique ability as molecular transporter for walled plant cells is essential to promote crop growth and enhance soil environment. Thus, to realise this application, N from UF must be bound to MWNTs. Hence, further investigation on Total N content, which had successfully bounded on the surfaces of MWNTs and fMWNTs, was done and the data were shown in Table 1. MU gives the lowest bonded N content with only 0.28%, while FMU1 provides the highest N content that binds with the functional group on the surface of fMWNTs with 1.4%, followed by FMU2 with 1.27%. High amounts of fMWNTs (0.6 wt. %) will provide more functional groups and have wider active sites available for N to bind onto the surface of fMWNTs compared to low amounts of fMWNTs (0.1 wt. %) used. However, MU doesn’t have any functional groups provided on their surface, thus almost no N is available on their non-active surface after ensuing the removal process. Functionalisation or chemical modification of CNT—that is, the covalent attachment of carboxyl groups to the surface—has been used to introduce chemical specificity and process ability in different environments. This makes the sidewalls of MWNTs active for further amination processes to occur. The amination process on the surface of fMWNTs is described in scheme 1 of Fig. 1.
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Figure 1: Scheme1 shows amidation process.



Treatment with different UF-MWNTs fertilizer also resulted in different total N content in the paddy straw harvested at 110 days after sowing. According to Table 1, paddy straw treated with MU showed higher N content at 1.7%. On the other hand, lower N content was recorded for the paddy straw treated with FMU1 and FMU2 at 0.93% and 0.99% respectively. On the contrary, high growth, TDW and grain yield were recorded for paddy applied with FMU1 and FMU2, which will be discussed later. Low N content of paddy straw by the end of the grain filling stage treated with FMU1 and FMU2 might imply better N utilization during this stage. Most plants take N from the soil continuously throughout their growth period, and N demand usually increases as plant size increased. Providing suitable N allows an annual crop such as paddy to grow to full maturity rather than delaying it. During the maturity stage—where the grain filling process are completed—about 40 percent of the N taken up by paddy will remain in their vegetative plant parts such as straw (Singh et al. 2013). Hence, low values of N remain in the straw indicating better utilisation of N for plant growth. This explains the low N content for paddy treated with FMU1 and FMU2. It was clearly observed that at the end of grain filling stage, the paddy treated with MU still had high N content remaining in the straw, thus suggesting low N utilisation for growth throughout their lives.

Chemical Composition Identification using Fourier Transform Infrared Spectroscopy (FT-IR)

FT-IR aims to study the chemical composition of samples and the distribution of frequencies used to identify the presence of functional groups (Queiroz et al. 2003; Yu et al. 2004). Fig. 2 (a-d) shows the FT-IR spectra of fMWNTs, FMU1, FMU2, and MU. The outer walls of MWNTs are chemically inactive and can be activated through the chemical functionalisation process. Chemical functionalisation is based on the production of covalent bonds between the functional groups with the carbon of MWNTs (Jeon et al. 2011). It can be performed at the end caps of nanotubes or at their sidewalls, which may have many defects. Hence, upon reactions between UF and fMWNTs, it is strongly suggested that covalent bonding had occurred between the NH2 groups of UF and the carboxyl groups of fMWNTs.

The spectra mainly characterised by bands at 3300-2500 (O-H stretching vibration), 1700–1725 cm−1 (C=O stretching vibration) and 1210–1320 cm−1 (C-O stretching vibration) correspond to the vibration of the carboxylic acid groups (Wei et al. 2010). In the IR spectra of UF-MWNTs, the bands around 1640–1690 cm−1, 1510–1600 cm−1, 1376–1388 cm−1 and 1120–1290 cm−1 could be assigned to C=O stretching vibration, N-H bending, CH2 bending and C-N stretching. These characteristic spectral are attributed to amide (Wei et al. 2010).
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Figure 2: FTiR spectra of (a) fMWNTs, (b) FMU1, (c) FMU2 and (d) MU.



Any changes in peak position or shape reveal that a change has happened in the distribution of frequencies in that particular vibration mode. By comparing the FT-IR spectra of MWNTs, fMWNTs and UF-MWNTs, it could be seen that the transmission peak of O-H stretching vibration at 3018 in the IR spectrum of fMWNTs (Fig. 2(a)) disappeared in the IR spectrum of UF-MWNTs (Fig. 2(b) and Fig. 2(c)), indicating that the O-H groups in fMWNTs might react with the amino groups in the urea fertilizer during the functionalisation process. Also, C=O (1739 cm-1) and C-O (1219 cm−1) stretching vibration attributed to fMWNTs were observed to have been replaced with new shapes of transmission peaks that appear, to correspond to N-H bending and C-N stretching vibration at 1519 and 1219 cm−1 respectively, after fMWNTs was further functionalised with UF. The NH2 groups from UF can react with the carboxyl groups (COOH) on the surface of fMWNTs and produce amide groups (Gao et al. 2005). Thus, the results from the FTiR spectra confirmed that chemical functionalisation has occurred between fMWNTs and UF instead of physical functionalisation (non-covalent) only.


The results obtained supported the Total N content data reported earlier, which revealed that a small percentage of N are bonded on to the surface of fMWNTs for FMU1 and FMU2 samples.

Crop Growth

The trend of crop growth for different UF-MWNTs fertilizers was illustrated in Fig. 3. There were significant differences between the three types of UF-MWNTs fertilizers (FMU1, FMU2, and MU) above 45 DAS. Crop growth increased to the maximum until the flowering stage (83 DAS) and maintained constancy at the grain filling and physiological maturity (PM) stage. Finally, the grains were harvested at the PM stage when the grains were firmed and turning brown, two weeks before the full maturity stage. The crop growth percentage of paddy supplied with FMU1 and FMU2 was higher than MU by 38.5% and 22.6% respectively. The results might signify that fMWNTs in FMU1 and FMU2, enables N from UF to be absorbed efficiently by the plant and lead to a better growth rate. The results agreed with the explanation by Ghormade et al. (2011) on the interaction between plant cells and the fMWNTs that leads to the modification of the plant gene expression as well as associated biological pathways which increase N absorption and utilization by plants. This eventually enhances the plant growth and developments because efficient utilization of nitrogenous fertilizer by paddy is essential due to the role of N in the cell division (Marschner 1988; Timothy & Joe 2003). Thus, an efficient nitrogenous fertilizer including UF will significantly increase growth rate of paddy due to sufficient N supply.

Meanwhile, the low crop growth observed for paddy treated with MU can be explained by the toxicity properties of pristine MWNTs when interacting with plant cells. They will lead to plant cell apoptosis and increases the response oxidative stress (ROS), which results in cell viability reduction and cell death (Tan et al. 2009). This kind of toxicity effects might correlate with aggregation formations of pristine MWNTs (De La Torre-Roche et al. 2013) suspended in UF. Researchers claim that the paddy cells in the suspensions were found to demonstrate a self-defence response when exposed to pristine MWNTs, by sacrificing a small population of cells that aggregates with the MWNTs and precipitates (Tan & Fugetsu 2007; Rico et al. 2011). Similarly, Shen et al. (2010) also reported on the induction of a self-defence response through apoptosis in rice cells by SWNTs. This will eventually delay the plant growth.

Hence, fMWNTs revealed an advantage over pristine MWNTs that increases the paddy growth due to their unique and non-toxic properties which then increases the efficiency of UF and prevent cell death. This is important to eliminate cross contamination in the food chain when MWNTs are applied as plant nutrition.
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Figure 3: Crop growth trend in different UF-MWNTs fertilizer.



Total Dry Weight (TDW)

There were significant differences in the values of TDW for FMU1, FMU2 and MU as shown in Fig. 4. The value of TDW for FMU1 and FMU2 increased by 61.2% and 27.2%, respectively compared with the value for MU. The TDW and crop growth data shows good correlation, which shows the advantage of fMWNTs over pristine MWNTs to be incorporated with UF as plant nutrition. Since both TDW and CGR data were associated with N content in plants (Fageria & Baligar 2007), it is strongly suggested that efficient absorption and utilization of N occurred through the application of fMWNTs in UF. The correlation of N content with photosynthetic activity was widely discussed (Fritsch & Jung 1984; Thomas et al. 1978). Efficient absorption and utilisation of N will enhance the process of photosynthesis and eventually result in high TDW production because N is a vital part that builds chlorophylls that absorbs the sunlight and convert light energy into sugars that fuel plant growth. Interestingly, Wu (2013) reported increment in chlorophyll content for paddy with application of fertilizer incorporated with carbon NMs.

Besides, the photosynthesis might also be enhanced due to the unique mobile and electrical properties of MWNTs in FMU, which have the potential to translocate from the soil into the plants and localize within the leaf cells (Giraldo et al. 2014). Giraldo et al. (2014) showed that MWNTs can passively transport and irreversibly localize within the plant chloroplasts and promote photosynthetic activity over three times higher than that of controls due to enhancement of maximum electron transport rates between MWNTs and chloroplasts. A few studies have demonstrated electron transfers between CNTs and photosynthetic machinery (Boghossian et al. 2011). The assembly of MWNTs within photosynthetic machinery was strongly suggested to modify the chloroplast activity of carbon capturing by promoting chloroplast solar energy harnessing and electron transport rates. Translocation capabilities of fMWNTs into the plant cells had been revealed in a few studies (Serag et al. 2011; Chen & Yada 2011). It is highly probable that hydrophilic, covalently functionalised and short fMWNTs give them an advantage to transport into the plant cells as compared to hydrophobic, pristine, agglomerate and long MWNTs. Thus, the significantly higher values of TDW for paddy with FMU treatment as compared to MU treatment might be explained by the localization of MWNTs in the chloroplast, which improves the process of photosynthesis. Obviously, this observation reveals the importance of functionalisation on MWNTs surfaces in enhancing the interaction between UF-MWNTs and plant cells.
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Figure 4: Total Dry Weight of paddy for three types (FMU1, FMU2 and MU) of UF-MWN Ts fertilizer.



Evaluation of Yield Components

The effects of different UF-MWNTs fertilizers on yield components of paddy, specifically the number of panicles and the grain yield are shown in Table 2. Referring to Table 2, again the paddy under FMU1 and FMU2 treatments contributed a higher number of panicles, which lead to higher grain yield compared to paddy under MU treatment. Specifically, FMU1 and FMU2 treatment produced 21.4% and 28.6% increase in the number of panicles and 35% and 36% higher grain yield than MU treatment, respectively. The application of fertilizer containing carbon NMs were reported elsewhere to increase the grain yields of paddy by more than 10% (Liu et al. 2008; Liu et al. 2009; Wu 2013). Similar to crop growth and TDW, higher levels of available N is the likely explanation for the high yield of components including the number of panicles and grain yield produced (Azarpour et al. 2014).


Table 2: Number of panicles and grain yield of paddy for different UF-MWNTs fertilizer.



	UF-MWNTs Fertilizer

	Number of panicles

	Grain yield




	FMU 1

	17

	743




	FMU 2

	18

	748




	MU

	14

	550





This observation was strongly correlated with efficient delivery and utilisation of N by paddy through application of fMWNTs in UF. The efficient delivery might be due to translocation of fMWNTs into the plant roots, providing new pores and enhancing the uptake of soil water, which is saturated with nutrients by plants (Ma et al. 2009). The movement of water into the root cells brings together nutrients including N in the soil. MWNTs were reported earlier to create new pores through direct penetration into the seed coat of tomato (Khodakovskaya et al. 2009). The penetration was claimed to support water uptake inside the seeds and enhance plant growth. MWNTs penetration into the plant cells to promotes water uptake was also addressed by Tripathi et al. (2011). Besides, fMWNTs could also enter the plant cells via endocytosis instead of penetration and preferentially localized within the cells (Liu et al. 2009; Yaron et al. 2011). These fMWNTs will possibly be incorporated within the xylem in the plant roots, acting with them to form several new capillaries that encourage the water uptake potential in the plant in addition to the natural flow. This concept which is known as “large capillary” formation could enhance the delivery of N in the plants through enhanced water uptake capabilities. The fMWNTs in individual tubes were suggested to be easily translocated into the root cells and form several new capillaries in the xylem to enhance delivery of N compared to bundles of pristine MWNTs. This explains the low yield production for paddy treated with MU and implies fMWNT as an emerging technology in agriculture that encourages the plants to absorb nutrients and water.

Morphological Observation of Fertilizer using Field Emission Scanning Electron Microscopy (FESEM)

In order to investigate the interaction of pristine and functionalised MWNTs with UF, FESEM images were captured to reveal their morphology properties. Fig. 5 illustrates the FESEM images of the distribution of fMWNTs and MWNTs FMU1 and MU, respectively. There was a strong correlation between the resulting properties of produced UF-MWNTs fertilizer with the morphological characteristics of the samples. The tubular structure of both MWNTs and fMWNTs in MU and FMU1 respectively (Fig. 5) are clearly shown. However, fMWNTs in FMU1 were found to be shorter due to the functionalisation process which results in erosion of their structure and shortening of the MWNTs (Wang et al. 2009). This observation supports a high percentage of crop growth, TDW and yield production observed for paddy treated with fMWNTs in FMU because shorter MWNTs had a stronger ability to penetrate protoplast plasma membranes of plant cells (Serag et al. 2011) and improve delivery of N as well as alleviate the toxicity observed for long CNTs (Ali-Boucetta et al. 2013).
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Figure 5: FESEM micrograph of (a) MU and (b) FMU.



The formation of pristine MWNTs and fMWNTs in UF were significantly different. Referring to Fig. 5(a), it is clearly observed that pristine MWNTs agglomerated with each other among the UF particles, which implies only physical interaction occurred between them and produced a non-homogeneous mixture of UF-MWNTs fertilizer. This observation was supported by the FT-IR results discussed earlier. Owing to their geometry and hydrophobic surface, pristine MWNTs have a tendency to form agglomerates with a bundle-like form in aqueous media (Wick et al. 2007). Cheng and Cheng (2005) addressed the accumulation properties of pristine MWNTs in aqueous environments where they tend to clump together and form aggregates in the micrometre range. MWNTs dispersed in a solvent fluid (UF solution) will rotate according to the Brownian motion theory. This rotation creates a large effective hydrodynamic radius and each nanotube sweeps out a spherical volume. Then, MWNTs will interact with each other’s hydrodynamic radius and result in entanglement and the creation of large agglomerates.

Surprisingly, researchers found that these aggregates did not change in size distribution with increasing salinity and temperatures that make them retain existence in the soil. This implies the correlation between the tendency to agglomerate and toxicity of MWNTs as have been widely reported (Wick et al. 2007; Poland et al. 2008; Patlolla et al. 2010). Pristine MWNTs which clump together and form aggregates were considered a biologically unfavourable form because when they reach living cells, they cause cell apoptosis and increased response oxidative stress (ROS), which can result in cell viability reduction and cell death even in low concentrations (Tan et al. 2009). Therefore, the toxicity issue has been alarming for the usage of pristine MWNTs in agriculture, especially when incorporated in fertilizers.


FMU1 in Fig 5(b) were observed to separate into individual tubes and homogeneously dispersed into UF. Here, functionalisation proved to eliminate aggregate formations of the fMWNTs successfully due to ionisable group productions on their sidewall. The carboxyl group, COOH, loses its hydrogen and becomes COO- when suspended in UF solution during preparation of samples. The repulsive forces between COO- groups will hold the nanotubes apart and prevent agglomeration. In agreement, Helland et al. (2007) reported in their review on environmental and human health knowledge of CNTs that MWNTs formed stable aggregates whereas fMWNTs showed a great dispersion variability due to looser structures and separation nanotubes at large-length scales. This clarifies significant reduction in toxic effects reported for high degree of CNTs functionalisation and promotes safer usage than pristine MWNTs.

FESEM images of UF-MWNTs with EDX analysis are depicted in Fig. 6. The EDX analysis of the area highlighted in Fig. 6(a) for MU revealed low carbon content. This indicates the absence of homogeneous pristine MWNTs in UF. This result supports earlier arguments which revealed that non- homogeneous pristine MWNTs in UF were due to accumulation. However, the increasing content of carbon from 16.92 atomic% of MU to 53 atomic% of FMU1 (Fig. 6(b)) can be clearly observed through EDX analysis, which shows good distribution of fMWNTs in the UF. Elements N and O were indication of UF. These are essential findings regarding pristine MWNTs and fMWNTs properties for further application in agriculture especially to be incorporated with fertilizers. The observations from FESEM and EDX analysis strongly suggest a good interaction between fMWNTs and UF as compared to pristine MWNTs.
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Figure 6: FESEM micrograph with EDX analysis of (a) MU, and (b) FMU.



CONCLUSION

In this article, our data demonstrate essential growth characteristics for paddy treated with different UF-MWNTs fertilizers. The use of functionalised MWNTs (fMWNTs) in UF shows significant higher growth, yield components (number of panicles and grain yield) and TDW for paddy compared to pristine MWNTs. Total N content of paddy straw at PM stage was recorded to be lower for UF combined with fMWNTs than pristine MWNTs, indicating good N absorption and utilisation for producing high grain yield and high TDW. The advantages of fMWNTs over pristine MWNTs for plant nutrition were supported by FESEM images which show homogeneous and non-agglomerate fMWNTs in UF. Meanwhile, pristine MWNTs showed toxicity properties as they agglomerate with each other when combined with UF.

ACKNOWLEDGEMENTS

The authors acknowledge Long Term Research Grant Scheme, Ministry of Education Malaysia awarded to Universiti Teknikal Malaysia Melaka Project 3 under the OneBaja Project (Universiti Teknologi Petronas) for supporting and funding this project.

REFERENCES

Ali-Boucetta H, Antonio N, Raquel S, Antonia H M, Bowen T, Maurizio P, Alberto B and Kostas K. (2013). Asbestos-like pathogenicity of long carbon nanotubes alleviated by chemical functionalization. Angewandte Chemie (International ed. in English) 52(8): 2274–2278. https://doi.org/10.1002/anie.201207664

Azarpour E, Moraditochaee M and Bozorgi H R. (2014). Effect of nitrogen fertilizer management on growth analysis of rice cultivars. International Journal of Biosciences (IJB) 4(5): 35–47.

Bhattacharyya A, Asim B, Pathipati U R, Suvra M and Timothy T E. (2010). Nano-particles: A recent approach to insect pest control. African Journal of Biotechnology 9(24): 3489–3493.

Boghossian A A, Moon-Ho H, Jong H and Michael S S. (2011). Biomimetic strategies for solar energy conversion: A technical perspective. Energy & Environmental Science 4(10): 3834. https://doi.org/10.1039/c1ee01363g

Chen H and Yada R. (2011). Nanotechnologies in agriculture: New tools for sustainable development. Trends in Food Science & Technology 22(11): 585–594. https://doi.org/10.1016/j.tifs.2011.09.004

Cheng H and Cheng J. (2005). The aggregation of single-walled carbon nanotubes in fresh water and sea water. Journal of the Society of Toxicology 84: 9.

De La Torre-Roche R, Hawthorne R J, Yingqing D, Baoshan X, Wenjun C, Newman L A, Qian W, Xingmao M, Helmi H and White J C. (2013). Multiwalled carbon nanotubes and c 60 fullerenes differentially impact the accumulation of weathered pesticides in four agricultural plants. Environmental Science & Technology 47(21): 12539–12547.

Epstein E. (1972). Mineral nutrition of plants: principles and perspectives. http://www.cabdirect.org/

Fageria N K and Baligar V C. (2007). Lowland rice respond to nitrogen fertilization. Communications in Soil Science and Plant Analysis 32(9–10): 1405–1429.

Fan X, Dan X, Jingguang C, Haiyan L, Yanling X, Cui M and Guohua X. (2014). Over-expression of osptr6 in rice increased plant growth at different nitrogen supplies but decreased nitrogen use efficiency at high ammonium supply. Plant Science: An International Journal of Experimental Plant Biology 227: 1–11.

Fiorito S, Serafino A, Andreola F, Togna A and Togna G. (2006). Toxicity and biocompatibility of carbon nanoparticles. Journal of Nanoscience and Nanotechnology 6(3): 591–599. https://doi.org/10.1166/jnn.2006.125

Fritsch H and Jung J. (1984). Enzyme activities and leaf constituents in barley seedlings at different nutrient levels. Zeitschrift für Pflanzenphysiologie 114(5): 433–442. https://doi.org/10.1016/S0044-328X(84)80063-X

Gao C, Yi Z J, Hao K, Whitby R L D, Acquah S F A, Chen G Y, Huihong Q, Hartschuh A, Silva S R P, Fearon P, Kroto H W and Walton D R M. (2005). Polyurea-functionalized multiwalled carbon nanotubes: synthesis, morphology, and raman spectroscopy. The Journal of Physical Chemistry B 109(24): 11925–11932. https://doi.org/10.1021/jp051642h


Garcia M, Forbe T and Gonzalez E. (2010). Potential applications of nanotechnology in the agro-food sector. Ciência e Tecnologia de Alimentos 30: 573–581. https://doi.org/10.1590/S0101-20612010000300002

Ghormade V, Mukund V D and Kishore M P. (2011). Perspectives for nano-biotechnology enabled protection and nutrition of plants. Biotechnology advances 29(6): 792–803. https://doi.org/10.1016/j.biotechadv.2011.06.007

Giraldo J P, Markita P L, Sean M F, Thomas P M, Nicole M I, Ardemis A B and Nigel F R. (2014). Plant nanobionics approach to augment photosynthesis and biochemical sensing. Nature Materials 13(4): 400–408. https://doi.org/10.1038/nmat3890

Helland A, Peter W, Andreas K, Kaspar S and Claudia S. (2007). Reviewing the environmental and human health knowledge base of carbon nanotubes. Environmental health perspectives 115(8): 1125–1131. https://doi.org/10.1289/ehp.9652

Jeon I-Y, Hyun-Jung C, Loon-Seng T and Jong-Beom B. (2011). Nanocomposite prepared from in situ grafting of polypyrrole to aminobenzoyl-functionalized multiwalled carbon nanotube and its electrochemical properties. Journal of Polymer Science Part A: Polymer Chemistry 49(12): 2529–2537. https://doi.org/10.1002/pola.24684

Kam N, Wong S, Michael O, Jeffrey A W and Hongjie D. (2005). Carbon nanotubes as multifunctional biological transporters and near-infrared agents for selective cancer cell destruction. Proceedings of the National Academy of Sciences of the United States of America 102(33): 11600–11605. https://doi.org/10.1073/pnas.0502680102

Khodakovskaya M, Enkeleda D, Meena M, Yang X, Zhongrui L, Fumiya W and Alexandru S B. (2009). Carbon nanotubes are able to penetrate plant seed coat and dramatically affect seed germination and plant growth. ACS Nano 3(10): 3221–3227. https://doi.org/10.1021/nn900887m

Khot L R, Sindhuja S, Joe M M, Reza E, and Edmund W S. (2012). Applications of nanomaterials in agricultural production and crop protection: A review. Crop Protection 35: 64–70. https://doi.org/10.1016/j.cropro.2012.01.007

Lea P J and Jean-Francois M-G. (ed.) (2001). Plant nitrogen. Berlin: Springer Science & Business Media.

Li Y L, Xiao R F and Qi R S. (2008). The Relationship between rhizosphere nitrification and nitrogen-use efficiency in rice plants. Plant, Cell & Environment 31(1), 73–85. https://doi.org/10.1111/j.1365-3040.2007.01737.x

Li Z-Z, Jian-Feng C, Fan L, An-Qi L, Qing W, Hai-Yan S and Li-Xiong W. (2007). Study of UV-shielding properties of novel porous hollow silica nanoparticle carriers for avermectin. Pest Management Science 63(3): 241–246. https://doi.org/10.1002/ps.1301

Liu J, Zhang Y D and Zhang Z M. (2008). Study on application of nanometer biotechnology on the yield and quality of winter wheat. Journal of Anhui Agriculture Science 35: 15578–15580.

Liu Q, Bo C, Qinli W, Xiaoli S, Zeyu X, Jinxin L and Xiaohong F. (2009). Carbon nanotubes as molecular transporters for walled plant cells. Nano Letters 9(3): 1007–1010.

Liu Y J, Lu A X and Cao Q M. (2007). Effects of composite nanomaterials on rice growth. Plant Nutrition and Fertilizer Science 13: 344–347.

Lu C M, Zhang C W, Wen J Q, Wu G R and Tao M X. (2002). Research of the effect of nanometer materials on germination and growth enhancement of glycine max and its mechanism. Soybean Science 21(3): 168–171.

Lu J, Eunshil C, Fuyuhiko T and Jeffrey I Z. (2008). Light-activated nanoimpeller-controlled drug release in cancer cells. Small (Weinheim an der Bergstrasse, Germany) 4(4): 421–426.


Ma J, Liu J and Zhang Z M. (2009). Application study of carbon nano-fertilizer on growth of winter wheat. Humic Acid 2: 14–20.

Maene L M. (1995). Changing perception of fertilizer world-wide. Proceeding of the 45th Annual Meeting Fertilizer Industry Roundtable. 23–25 October, Marriot Crabtree Valley Hotel, Raleigh, North Carolina.

Marschner H. (1988). Book reviews. Plant, Cell and Environment 11(2): 147–148. https://doi.org/10.1111/j.1365-3040.1988.tb01130.x

Nair R, Saino H V, Baiju G N, Maekawa T, Yoshida Y and Sakti K D. (2010). Nanoparticulate material delivery to plants. Plant Science 179(3): 154–163. https://doi.org/10.1016/j.plantsci.2010.04.012

Panyam J and Labhasetwar V. (2003). Biodegradable nanoparticles for drug and gene delivery to cells and tissue. Advanced Drug Delivery Reviews 55(3): 329–347. https://doi.org/10.1016/S0169-409X(02)00228-4

Patlolla A, Knighten B and Tchounwou P. (2010). Multi-walled carbon nanotubes induce cytotoxicity, genotoxicity and apoptosis in normal human dermal fibroblast cells. Ethnicity & Disease 20: 1–17.

Pérez-de-Luque A and Diego R. (2009). Nanotechnology for parasitic plant control. Pest Management Science 65(5): 540–545. https://doi.org/10.1002/ps.1732

Poland C, Duffin R, Kinloch I, Maynard A, Wallace W H, Seaton A, Stone V, Brown S, MacNee W and Donaldson K. (2008). Carbon nanotubes introduced into the abdominal cavity of mice show asbestos-like phatogenicity in a pilot study. Nature Nanotechnology 3: 423–428. https://doi.org/10.1038/nnano.2008.111

Qian Y-F, Shao C-H, Qiu C-F, Chen X-M, Li S-L, Zuo W-D and Peng C-R. (2010). Primarily study of the effects of nanometer carbon fertilizer synergist on the late rice. Acta Agriculturae Boreali-Sinica (S2): 249–253.

Queiroz D P, de Pinho M N, and Dias C. (2003). ATR−FTIR studies of poly(propylene oxide)/polybutadiene bi-soft segment urethane/urea membranes. Macromolecules 36(11): 4195–4200. https://doi.org/10.1021/ma034032t

Rashidi L and Khosravi-Darani K. (2011). The applications of nanotechnology in food industry. Critical Reviews in Food Science and Nutrition 51(8): 723–730. https://doi.org/10.1080/10408391003785417

Rico, C M, Majumdar S, Duarte-Gardia M, Peralta-Videa J R and Gardea-Torresdey J L. (2011). Interaction of nanoparticles with edible plants and their possible implications in the food chain. Journal of Agricultural and Food Chemistry 59(8): 3485–3498. https://doi.org/10.1021/jf104517j

Roco M C. (2003). Nanotechnology: Convergence with modern biology and medicine. Current Opinion in Biotechnology 14(3): 337–346. https://doi.org/10.1016/S0958-1669(03)00068-5

Sayes C M, Liang F, Hudson J L, Mendez J, Guo W, Beach J M, Moore V C, Doyle C D, West J L, Billups W E, Ausman K D and Colvin V L. (2006). Functionalization density dependence of single-walled carbon nanotubes cytotoxicity in vitro. Toxicology Letters 161(2): 135–142. https://doi.org/10.1016/j.toxlet.2005.08.011

Serag M F, Kaji N, Gaillard C, Okamoto Y, Terasaka K, Jabasini M, Tokeshi M, Mizukami H, Bianco A and Baba Y. (2011). Trafficking and Subcellular Localization of Multiwalled Carbon Nanotubes in Plant Cells. ACS Nano 5(1): 493–499. https://doi.org/10.1021/nn102344t

Sharon M, Choudhary A and Kumar R. (2010). Nanotechnology in agricultural diseasesd and food safety. Journal of Phytology 2: 83–92.


Shen C-X, Zhang Q-F, Jian L, Bi F-C and Nan Y. (2010). Induction of programmed cell death in arabidopsis and rice by single-wall carbon nanotubes. American Journal of Botany 97(10): 1602–1609. https://doi.org/10.3732/ajb.1000073

Singh A, Kang J S, Maninder K and Ashu G. (2013). Root parameters, weeds, economics and productivity of wheat (Triticum Aestivum L.) as affected by methods of planting in situ paddy straw. International Journal of Current Microbiology and Applied Sciences 2(10): 396–405.

Srilatha B. (2011). Nanotechnology in agriculture. Journal of Nanomedicine & Nanotechnology 2(7): 1–5. https://doi.org/10.4172/2157-7439.1000123

Tan X-M and Fugetsu B. (2007). Multi-walled carbon nanotubes interact with cultured rice cells: Evidence of a self-defense response. Journal of Biomedical Nanotechnology 3(3): 285–288. https://doi.org/10.1166/jbn.2007.035

Tan X-M, Chun L and Fugetsu B. (2009). Studies on Toxicity of multi-walled carbon nanotubes on suspension rice cells. Carbon 47(15): 3479–87. https://doi.org/10.1016/j.carbon.2009.08.018

Thomas S M, Thorne G N and Pearman I. (1978). Effect of Nitrogen on Growth, Yield and Photorespiratory Activity in Spring Wheat. Ann. Bot. 42(4): 827–837. https://doi.org/10.1093/oxfordjournals.aob.a085522

Timothy W and Joe E. (2003). Rice fertilization. Mississippi Agricultural and Forestry Experiment Station.

Tripathi S, Sumit K S and Sabyasachi S. (2011). Growth stimulation of gram (cicer arietinum) plant by water soluble carbon nanotubes. Nanoscale 3(3): 1176–1181. https://doi.org/10.1039/c0nr00722f

Vijayakumar P S, Othalathara U A, Bashir M K and Bhagavatula L V P. (2010). Nanogold-loaded sharp-edged carbon bullets as plant-gene carriers. Advanced Functional Materials 20(15): 2416–23. https://doi.org/10.1002/adfm.200901883

Wang Z, Shirley M D, Meikle S T, Whitby, R L D and Mikhalovsky S V. (2009). The surface acidity of acid oxidised multi-walled carbon nanotubes and the influence of in-situ generated fulvic acids on their stability in aqueous dispersions. Carbon 47(1): 73–79. https://doi.org/10.1016/j.carbon.2008.09.038

Wei B, Luyan Z, and Gang C. (2010). A multi-walled carbon nanotube/poly(urea-formaldehyde) composite prepared by in situ polycondensation for enhanced electrochemical sensing. New Journal of Chemistry 34(3): 453. https://doi.org/10.1039/b9nj00670b

Wick P, Manser P, Limbach L, Dettlaff-Weglikowska U, Krumeich F, Roth S, Stark W and Bruinink A. (2007). The degree and kind of agglomeration affect carbon nanotube cytotoxicity. Toxicology Letter 168: 121–31. https://doi.org/10.1016/j.toxlet.2006.08.019

Wilson M A, Nguyen H T, Adrian S M, Kamali K, Herbert V and Max L. (2008). Nanomaterials in soils. Geoderma 146(1–2): 291–302. https://doi.org/10.1016/j.geoderma.2008.06.004

Wu M-Y. (2013). Effects of incorporation of nano-carbon into slow-released fertilizer on rice yield and nitrogen loss in surface water of paddy soil. In 2013 Third International Conference on Intelligent System Design and Engineering Applications, IEEE, 676–681. https://doi.org/10.1109/ISDEA.2012.161

Xiao Q, Zhang S Q, Zhang D F, Wang Y J and Zhang J F. (2008). Effects of slow/controlled release fertilizers felted and coated by nanomaterials on crop yield and quality. Plant Nutrition and Fertilizer Science 5: 951–955.


Yaron P N, Brian D H, Philip S, Mathias L, Mohammad F I and Kris D. (2011). Single wall carbon nanotubes enter cells by endocytosis and not membrane penetration. Journal of Nanobiotechnology 9(1): 45. https://doi.org/10.1186/1477-3155-9-45

Yu P, John J M, Colleen R C and David A C. (2004). Imaging molecular chemistry of pioneer corn. Journal of Agricultural and Food Chemistry 52(24): 7345–7352. https://doi.org/10.1021/jf049291b

Zharov V P, Elena N G, Carl J and Thomas K. (2005). Synergistic enhancement of selective nanophotothermolysis with gold nanoclusters: Potential for cancer therapy. Lasers in Surgery and Medicine 37(3): 219–26. https://doi.org/10.1002/lsm.20223

Zheng L, Fashui H, Shipeng L and Chao L. (2005). Effect of nano-TiO2 on strength of naturally aged seeds and growth of spinach. Biological Trace Element Research 104(1): 83–92. https://doi.org/10.1385/BTER:104:1:083



OEBPS/images/Art_P15.jpg
Pt eight b

g

£

——run
e

Doy ater sowing [DAS)






OEBPS/images/Art_P40.jpg
Genetypes  Treatments Day3 Day7 Day 30

0.003M

0.006M
THIC gene

0.009M

0.003M

THITHIA  0.006M

0.009M






OEBPS/images/Art_P75.jpg
Composition Fams*

(%) FI-SC_ F2-SP  F3-SP F4SBC F5UK F6-JPEC F7-JTC F8-JC

Moisture  89.05% 8894% 8887 8537% 6284% B246% 88.19% B360%
content 013 005 002 003 001 003 001 001

Totalsolid  1095% 1108% 1113 1463% IT.16% 1754% 16.40°%
content 013 005 002 003 001 003 001
Fat 249 278% 289w  BA%E 736w 74w 6.500
004 019 039 018 002 005 003

Protein 358w  339%  371% 43w 508 619 423
011 002 002 006 018 013 0.04

Totalash  076% 067 086% 077  076%  085% 0.86%
0001 001 002 0001 0003 001 0.003

Total 40 A01%:  364% 400w 379 326%  429%: 4TI
carbohydrate 015 025 041 026 020 007 003 005






OEBPS/images/Art_P67.jpg
L4000

[ ssgent

21

e
Bovdas
By

e
£z
[y

[

w7

v
Vonths, Years

e

oL

e
s
By
i

o

< wrir

T

w1

J

gt
)
[
i
B2
g

12000

§eg3gzg”

~ Aususp sicusin






OEBPS/images/Art_P24.jpg
49

50

51

52

53

54

55

56

57

58

59

60

61

62

34406

35020

35435

35750

35881

38494

38834

39104

39665

39916

40095

41518

41851

43647

34266

34403

35166

35445

35747

36230

38505

39616

39916

40095

41525

41760

42633

42646

46

205

89

101

a4

754

109

170

83

59

476

80

260

333

hypothetical protein [Enterobacteria
phage SSL-2009a]

hypothetical protein [Enterobacteria
phage SSL-2009a]

hypothetical protein [Enterobacteria
phage JL1]

hypothetical protein [Enterobacteria
phage HK576]

hypothetical protein [Enterobacteria
phage SSL-2009a]

putative helicase-primase
[Enterobacteria phage JL1]

putative transposase [gp47 Sodalis
phage SO-1]

hypothetical protein [Enterobacteria
phage HK576]

hypothetical protein [Enterobacteria
phage SSL-2009a]

hypothetical protein [Enterobacteria
phage HK576]

hypothetical protein [Enterobacteria
phage JL1]

hypothetical protein [Enterobacteria
phage SSL-2009a]

hypothetical protein [Enterobacteria
phage HK576]

putative DNA polymerase 1
[Enterobacteria phage SSL-2009a]

4e-25/98

2e-129/88

6e-54/93

3e-56/ 89

9-11/76

0.0/99

4e-68/ 95

1e-18/ 100

4e-52/99

8E-34/ 97

00/ 99

4e-47/91

2e-108/ 97

00/99






OEBPS/images/Art_P23.jpg
29

20

31
2

3

4

ES

36

14

38

ES)

40

4

a2

43

a4
45

46

a7

48

22185

22540

22646
23148

24307

25106

25246

25615

26552

26835

27907

29435

30832

31404

32656

32914
33422

33654

33041

34281

21592

22187

22527
22648

23207

24408

25575

26379

26394

26506

26828

27915

29447

30832

31514

32753
32931

33409

33651

33994

197

117

ES)
166

366

233

109

254

52

109

359

506

461

190

380

53
163

81

9%

9%

putative tail protein [Shigella phage
EP23]

putative structural protein
[Enterobacteria phage JL1]

“unknown gene

hypothetical protein [Enterobacteria
phage JL1]

putative major head protein
[Enterobacteria phage HK576]

hypothetical protein [Enterobacteria
phage SSL-2009a]

hypothetical protein [Enterobacteria
phage SSL-2009a]

hypothetical protein [Enterobacteria
phage SSL-2009a]

hypothetical protein [Shigella phage
EP23]

hypothetical protein [Enterobacteria
phage JL1]

putative head morphogenesis protein
[Enterobacteria phage SSL-2009a]

putative minor tail protein [gp3
Sodalis phage SO-1]

putative terminase large subunit [gp2
Sodalis phage SO-1]

putative terminase small subunit [ gp1
Sodalis phage SO-1]

putative phosphoesterase [Shigella
phage EP23]

“unknown gene

putative lysozyme [Shigella phage
EP23]

putative holin-like class | protein
[Enterobacteria phage JL1]

putative holin-like class  protein
[Shigella phage EP23]

hypothetical protein [Enterobacteria
phage HK578]

2e-138/ 98

1e-75197

4e-106/ 92

99

Be-140/ 99

6058/ 97

0.0/%6

1e-28/ 100

1e-541 97

00/97

00/98

00/98

1e-941 99

00/98

3e-114/ 100

3e-48/98

3e-60/ 99

2046/ 97





OEBPS/images/Art_P41.jpg
Relative expression

oav3

Duration period

[

Dav7

control

200061

mo.009 1






OEBPS/images/Art_P9.jpg
CPUE (kg/trips/month)
E8e8883

°
=)

uer

a4
e

——2013

ady

few

unp
ir
any
dos
20
roN
25q

2014 w2015 - @=Average

Month





OEBPS/images/Art_P58.jpg
Density Diet
(cellmi) pvalue
108 Nris Tetra Iso chl Nanno
01 0104000 140008 0504010 024014 010000 002
03 117%022  154%:021  1.04%:013 089050 1642014 004






OEBPS/images/Art_P32.jpg
16

1"

o

Species rness

0

20

Abundance

2

P

5

—e—saw
s0Es
8

——ka3






OEBPS/images/Art_P84.jpg
Tocotrienol

9EA (MIC, Combination

No.  Treatment (0RO "im) | idex (cl)  Dosereduction index (ORY
Tocotrienol 9EA
A549 cells
1 pTocotrienol 1202010 0.1 013 77£126 900
2 yTocotrienol  50+021 01 0.42 241160 900
3 &Tocotrienol 16023 01 012 84169 900
UBTMG cells
4 pTocotienol 132:004 01 145 B B
5 yTocotrienol  9.1+005 01 280 -
6  &-Tocotrienol  0.8+0.09 01 0.20 661138 10






OEBPS/images/Art_P8.jpg
Catch (kg/month)

3000
2500
2000
1500
1000

500

uer

e
e

——2013

Z 52z 8 28 %%
2018 a- 2015 -@-Average

Month





OEBPS/images/Art_P33.jpg





OEBPS/images/Art_P68.jpg
Years





OEBPS/images/Art_P76.jpg
95 o4 oz 0 02 o4 o8 08 1
PC-1 (68%)





OEBPS/images/Art_P50.jpg
Jumping responze

Group
#ca

 ——

#ce

T 2 s 40
No. of touch stirul






OEBPS/images/Art_P25.jpg






OEBPS/images/Art_P42.jpg
Relative expression

35

15

Day1

Day 3 Day?
Duration period

20.006 1

W0.009 11







OEBPS/css/page-template.xpgt
                       



OEBPS/images/Art_P16.jpg
gge3ggaguwio

() (ma) whom Mg jeser






OEBPS/images/Art_P85.jpg





OEBPS/images/Art_P59.jpg
Cutture Diet
volume pvalue
(m) Nris Tetra Iso Chi Nanno
70 0804000 080000 090010 127033 080000 017
210 109%:005 1393005 060009 1482041  102%:029  0.12






OEBPS/images/Art_P56.jpg
8B 8 8 8% 8 3 8 3

o

-

Py





OEBPS/images/Art_P2.jpg
@3)





OEBPS/images/Art_P69.jpg
500 Key
Key e
o *SMC | 700
& 2 o
—_— |
_ ) —
w0 —— | £ 10%
3 0
& ——u | v
p—— 300
| 5 | § 0%
——20% | 20 —2%
B —_— | =0
10 304 i ——t
i = t00% | 23 4 5 6 1 8
54 s 6 7w Period of lanting (weeks)
Period of planting (weeks)
) o Ke
2 Key “© Y
" kot SMC
E
% —-—0 | 0%
g » —-—
- T o
15 ‘; 2 ——10%
——0
é g, .
B - |3 e
= g
= ——n | —
= | I
——3s ——d0%
s
, o —t00%
3 4 5 6 8 o=
——10 s s e 7 s

Period of planting (eeks)

Period of planting (weeks)






OEBPS/images/Art_P13.jpg
Room temperature,
150pm

Functionalized
MWCNTs






OEBPS/images/Art_P39.jpg
GADPH at 110bp






OEBPS/images/Art_P26.jpg
Sa-Emergent (>20m)

$3-Canopy (15-20m)
T2~ Canopy (5-10m) [ \ 52-Understorey (715 m)

ﬂ-ﬂmn‘mﬂ(‘!ml[ $1-Ground Level(<7m)

‘Setiu Wetland BRIS Forest iy Terenggenu Dipterocsp Foreat





OEBPS/images/Art_P30.jpg
Shannon Diers i (#)

05

)

@ o k)

Abundance

12

Kenyir
- Seiu





OEBPS/images/Art_P73.jpg
Logy, CFU/ g sample.

Vo it

Span oo Camport





OEBPS/images/Art_P60.jpg
Population

Totalland  Total research Captured Capture effort Average (nets-

Hablattpe et arca(km?)  amimal  *"SYPET nctohours) hourslanimal)
Secondary 160 037 1 3 372 2657
forest
Retabilfated g7 007 2 2 60 3000

forest






OEBPS/images/Art_P80.jpg
A Batargn
Bungan
Taturg
Tolong
George Town
S sendre
-
e Aciarn ]
B 7 Jelutong
3 Puly Prany
e
e, puirues
F
P o i i
BAYAN BARU,
- P ook
o @I Bayanlepas
& o o vang

BW

o Pemal
Fau

W sebe wng

|

oxa|

Pantai Jerjak
ayan Lepas.

: Bty Maung,

: Balik Pulau

chnex






OEBPS/images/Art_P43.jpg





OEBPS/images/Art_P14.jpg
MWNTS

4000 3000 2000 1000
Ve





OEBPS/images/Art_P57.jpg
-WF wIRF





OEBPS/images/Art_P1.jpg
1112 19200 E

1o2u0E

NeBUE

£

§
K
H
H
K
H
ks
g
H
£

Pangkajene
Kepulauan
District

0200

St

.00





OEBPS/images/Art_P27.jpg
Hulu Terengganu Setiu Wetland

Ditecc S rorest
TNBE KLNKF
o ®
SBWSDES i
@)

8]





OEBPS/images/Art_P61.jpg





OEBPS/images/Art_P74.jpg
e Fungal Species

s

0

¥ I h ..

csol

osol

Ry





OEBPS/images/Art_P44.jpg





OEBPS/images/Art_P31.jpg
Diversiy 1)

25

05

2

Avunoance

«

R






OEBPS/images/Art_P10.jpg
Cateh, Effort

3000

2500

2000

1500

1000

500

o

Ak

—o—Catch (ton) —A- Etfort (ipyear) - CPUE lon ip)

2000 2010 2011 2012 2013 2014 2015

Year

CPUE





OEBPS/images/Art_P62.jpg
HLL

HL

™

D WO ML LB ML fow g, WL A A HOOELO ELW b Tty

‘Secondary forest

Ve

=10

Meawsp  180f 2219 729x 1031s M8: 7524 7ii: T05: 39x 450s 48dr 207 208x  123r 215k
1844 1579 844 1031 1218 560 431 448 398 302 417 30 270 313 608

Min 100 208 e &7 1% 6 o 3 3t at a s ® s 16

Max 0 20 s 20 16 o ” ® s a0 54 a1 27 1 3

Female

™=

Meawsp  35% 23t 705: 1003: 1425+ 770: 620:  698: 2Bx 4g:  485: 288r 25: M8r 268
2517 1168 777 5% 545 688 88 714 499 427 525 310 208 4% 629

Min w00 219 s e 1% 67 55 o1 k9 3 P 2 2 n 21

Max w0 22 78 s a7 & n " ® a0 s B 2 2 3

Rehabiltated Forest

Male W ws s 10 1% 3 o o7 3 s £ ) ) w2 27

Female 60 210 e w5 73 ” 5 85 55 7 54 20 " 1 2






OEBPS/images/Art_P28.jpg





OEBPS/images/Art_P37.jpg
PYRIMIDINE BRANCH ‘ THIAZOLE BRANCH

NAD- + Glycine +'S<'

5-Aminoimidazole ribonucleotide (AIR) T
THIC l
0" "oH
THIM
4-amino-2-methyl-5-hydroxymethyl
pyrimidine monophoshate (HMP-P)

o lm Grep

oy \ /
4-methyl-5-B-hydroxyethyithiazole

l-.n-m-l-uﬂhyl&hymnxym!hﬁ

pyrimidine diphosphate (HMP-PP) i, phosphate (HET-P)

'ﬁ/\ é’”\,o o
Thiamine walmm ﬂ"?)

f)‘l

O+ Thiamine

- noc

P °),,3 ‘o Thiamine pyrophosphate (TPP)





OEBPS/images/Art_P53.jpg
WHC= (W, — W) = W/W,
OHC= (W, — W.) - W, W,

4
(6)





OEBPS/images/Art_P5.jpg
In(CPUE,) =c—df





OEBPS/images/Art_P54.jpg
V= (100 =14) x M/100 =W,
W.=25.00 + (M, — M.)

)





OEBPS/images/Art_P36.jpg
e Ly Bergroh PR

fe= I e e
2 Mot SIS ooy | T Tamtara Neziphes Nediphes | B0
- sy o | v | T T g, s
sl o) o D) )
[ — B . e
2 G e+ : i B i i 3 o
pEEme : < 8
il VO : s
et . 3
& S : 8
& B H ! H H H i i
0 hompena s+ . : 8
fifron el E z : @
freey £
2 Mtrs vt ;
1 N . z o
W e s B : : ic
iy
1 gt it . I
1t ot s B b
1 g v i ic
1 e oy i ic
3 tne mmeate i
0 St . i . i
21 R s : i i
£ A o : "
£ R o : ic
52 e s . i
B e S k4
Py e . o
2 oposcens oo i
2 nopondeos cretes . . ic
B e e ! &
3 oeeois G : . i
3 oo s : &
2 hoeaas . : ic
3 Doemaganrs ! ! i
U s . i
Urapatonaon
35 ks i F . . w©
3 s g H ; k3
7 s b i e
0 s i : ic
35 S B i e
% B e B &
2 Ko e . i<
5 it e . 8
prfrintie v : i
Voot 2 : 5 H " i ;
Soigohoumgm N2 0 o PO R I 5

Cogtue e 0% ___ns b B | o _en b e






OEBPS/images/Art_P71.jpg
Plant height (cm)

No. of leaves per seedling

50

3

2

o

%0
a0
o
0
50
w0
2
2
10

3

Key

—0%only
sol

%5 SMC
—%
sMe

—5%
sne

——20%
sme

——25%
sne

23 456 78 %

Period of growth (weeks) swe

8 Key

0% only
sol

5%
S

——10%
sne

——%
sMC

ey
,_.A—/H e
——%

sme

203 4 5 8 7 8y

Period of growth (weeks)

140

120

100

&

Leaf area (mm?)

2

s

®

Chlorophyll content (CCI)

——o o«y
—a—swsic
R
[
o s
._// o 25% SMC.

0% SmC.

Period of gmm (weeks)

e 10%
sme

—
snc

oy
T

——20%
sme

——2%
sne

23 4 5 8 7
Period of growth (weeks)

8 ——30%
swe






OEBPS/images/Art_P19.jpg





OEBPS/images/Art_P45.jpg
Temperature U po gy Salinty  Tubidiy Transparency

(Psu)  (NTU)  Depth(m) TG

(C)
Mean = SD Mean:SD MeantSD MeansSD MeantSD MeanzSD MeanSD
Santubong 13 29.300.00 6.60:0.00 5.44:0.46 26.33:0.58 17.16+1.10  N/A NA
Nov
14 29.90:0.00 7.82:0.06 5.29:0.07 26.00:0.00 35.10:1.85  N/A NA
Mar
14 28.80£0.10 7.18:0.45 6.69:0.26 20.33:0.58 10.17+1.05 7.80:0.00 0.73:0.05
Oct
Asasjaya May 29.30£0.00 7.41:0.02 5.27:0.01 18.33+153253.33+1429 N/A NA
13
Mar 29.37:0.06 7.80:0.01 4.05:0.03 21.00:173 37634660  NA NA
14
Dec 31.37:0.42 7.41:0.07 5.68:1.01 23.44:0.77115.22:64.00 N/A NA

14






OEBPS/images/Art_P38.jpg
THIC at 188bp

. . THH at 104b{

1000
Soop






OEBPS/images/Art_P63.jpg
PR R Y






OEBPS/images/Art_P3.jpg





OEBPS/images/Art_P20.jpg
T I S
e g (i e AT

7 e et

T T
[t el

e T T T T —

A — ratefien pite s

|| PTHAT | et sl s —
i

- )
e phtevieht sl

v
s

e e R

ey





OEBPS/images/Art_P12.jpg
2000000

1500000

1000000

Catchkg)

500000

o 1000 2000 3000 4000
Effort (trip/year)





OEBPS/images/Art_P11.jpg
il






OEBPS/images/Art_P29.jpg
Dipterocarp Forest Setiu Wetland BRIS Forest

Station
SBW  SDES ™ BB KLN KF KGB B

n 45 21 5 39 40 3 9 9

Shannon 2123 0887 0500 1817 0.000 0637 0349 0562
Index

Secies 3415 0985 0621 2730 0000 0910 0455 0481
Richness






OEBPS/images/Art_P72.jpg





OEBPS/images/Art_P55.jpg
20

10

132

22

3456

402

4776

662

Soluble DF

—

Insoluble DF

fe—

TotalOF





OEBPS/images/Art_P46.jpg
TSS (mglL)  NO, (mgiL)

PO, (mgfL)

Si0, (mglL)

Chiorophyll a

(mg/m?)

Mean+SD  Mean+SD Mean+SD MeanSD  Mean:SD

Santubong 13Mar  6333:2042 0012:0001 0053:002 1070:0286 303740254
14Mar  5200:3274 0034:0009 0050:001 350940275 255641805

140ct  27.33:231 004620002 0063:006 057940354 7.66340.129

Asajya  13May 6555725891 0015:000 0.160:003 2740+0.090 593740663
14 Mar 1611042930 0005:0.004 0057:001 1560:0056 5089:2402

14Dec 2346713802 0.027:0.001 0.173:0.03 1796:0.072 3.236:0.336






OEBPS/images/Art_P4.jpg
@)

3)





OEBPS/images/Art_P81.jpg
|lad —bc |- N/2fN

X*= TS





OEBPS/images/Art_P21.jpg
Coding Length . E-value/
ORFY Strand Stat  Stop 79 Predicted functions %0 2a ddontity
1 + 140 523 127  putative DNApolymeraseA[gp38  de-81/100
‘Sodalis phage SO-1]
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(4 sm:)y ar:as ®) Absence 1343 ¢ 61d 1404
combincd) Total 1400 167 1567
Pantai Jerjak Ae. albopictus Presence 15 37 52 —ve = 14TIT
Absence 236 8 244
Total 251 45 29
Bayan Lepas Ae. albopictus  Presence 19 33 52 - x=15129°
Absence 323 12 33
Total 342 45 387
BatuMaung Ae. albopictus Presence 21 30 51 S x=12248°
Absence 322 15 337
Total 343 45 388
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