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Zinc deficiency is one of the most common micronutrient disorders in rice, 
for both lowland varieties grown under flooded conditions and upland 
varieties under upland condition. The concentration of Zn in acidic soil is 
very low; as soils of Malaysia are acidic so Zn monitoring in Malaysia is 
vital. Owing to the important role of Zn element in human health and 
wellness, and on the other hand, lack of Zn causes much serious illness, 
monitoring Zn in upland rice, as a nutrient factor is essential. In addition, 
the industry has to identify and breed for nutrient efficient varieties. Zinc is 
one of the important elements of protein transport in plants so it is vital to 
identify zinc as a main plant protein transporter. The main goal of this 
project was to evaluate Zn uptake and metabolism in upland rice, in order to 
formulate correct fertilizer recommendations. Zn-efficient upland rice was 
identified in the first study where the effect of different Zn concentration on 
root characteristics of 7 upland rice landraces were evaluated.  To increase 
Zn content in rice in order to supply adequate Zn in Malaysian diet, the 
effect of different compost and different sources of Zn on two upland rice 
landraces identified from study 1 was evaluated in a glasshouse study. The 
expression of OsZIP1, OsZIP3, OsZIP4, OsZIP5 and OsZIP8 involved in Zn 
uptake by the two selected upland rice genotypes in the leaves and roots 
were also elucidated. Results revealed that, soluble forms of Zn are readily 
available to plants and the uptake of Zn is linear with concentration in the 
nutrient solution. In addition,, plants grown in solution treated with Zn 
accumulate a great proportion of this metal in the roots. Other root 
parameters (length, average diameter, surface area, volume, and number of 
root) did not show any significant differences in 0 to 20 mg Zn L-1, but they 
decreased significantly at 30 mg Zn L-1. This shows that Zn in high 
concentration causes root growth disorder. At 30 mg Zn L-1 young plants 
died, possibly due to toxic effect of Zn. All root parameters increased 
significantly during four weeks of observation. Bertih variety had the most 
Zn uptake (0.0328 mg plant-1) and Nabawan had the lowest Zn uptake 
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(0.0138 mg plant-1) during the four weeks. It seems that the Zn content of 
plants varies considerably, reflecting different factors affecting the Zn 
uptake by the landraces tested. All types of composts showed positive 
effects on Zn concentrations and uptake in all parts of rice. Vermicompost is 
the most effective compost among these three composts. It has been found 
that although chicken compost has more Zn concentration, it seems that 
because of high concentration of other elements (such as P which have 
interactions with Zn), plant could not absorb Zn properly. On the other 
hand, because of high N in chicken compost, and increasing the dry weight 
of plant under this treatment, Zn uptake did not show a significant 
difference with Zn uptake in plants grown in vermicompost treatment. 
Application of Zn-amended organic composts increased the percentage 
distribution of Zn in grain more than the application of ZnSO4 or Zn-EDTA 
alone. In addition,, the results of analysis of the best soil treatment 
(Vermicompost+ZnSO4) compared to control for Zn content in different 
fractions showed application of vermicompost caused a significant increase 
in the content of water soluble plus exchangeable, organic complexed 
fraction of soil Zn. Results of molecular study in roots and shoot showed an 
over expression of OsZIP4, OsZIP1, OsZIP8, OsZIP5 under Zn deficient 
conditions , but not  OsZIP3 (OsZIP3 is not expressed in roots and shoots). 
Generally, it can be concluded that rice variety detected with high Zn uptake 
could offer a sustainable and cost-effective way to overcome Zn deficiency 
problems and uptake of Zn by all parts of rice illustrated an increase in the 
presence of vermicompost+inorganic Zn sources (ZnSO4 and Zn-EDTA) 
which was the most effective method for Zn fortification in rice plants. Also, 
application of organic matter under upland condition influenced favourably 
the transformation of applied Zn in soil fractions which are available to the 
nutrition of rice plants. From molecular aspect, as OsZIPs are Zn transporter 
that functions in Zn uptake and distribution; Zinc homeostasis is important 
to the proper growth and development of rice. 
 



© C
O

UPM

iii 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi syarat untuk ijazah Doktor Falsafah 

ABSTRAK 
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DALAM PENANAMAN PADI HUMA 
 

Oleh 
 

GOLNAZ SHARIFIANPOUR 
 

January 2015 
 

 
Pengerusi: Professor Zaharah Abdul Rahman, PhD 
 
Fakulti: Pertanian 
 
Kekurangan zink merupakan satu daripada gangguan mikronutrien yang 
paling biasa dalam padi, yang ditanam dalam sawah atau secara padi huma. 
Kepekatan kandungan Zn dalam tanah berasid sangat rendah;  oleh itu  
penggunaan unsur Zn di Malaysia adalah penting. Disebabkan peranan 
penting unsur Zn dalam kesejahteraan dan kesihatan manusia, kekurangan 
unsur Zn akan menyebabkan penyakit yang serius, oleh itu penggunaan 
unsur Zn bagi  padi huma, sebagai faktor nutrien amatlaht penting. Zink 
adalah salah satu elemen penting dalam penyerapan protein di dalam 
tumbuhan, oleh itu  adalah penting untuk mengenal pasti zink sebagai 
penyerap utama protein tumbuh-tumbuhan. Matlamat utama projek ini 
ialah untuk menilai penyerapan dan penggunaan Zn dan metabolisme di 
dalam  padi huma , dan dapat meyediakan baja yang betul. Zn dalam  padi 
huma telah dikenal pasti dalam kajian pertama yang menjelaskan kesan 
kepekatan Zn yang berbeza pada sifat akar bagi 7 jenis padi huma. Untuk 
meningkatkan kandungan Zn dalam padi sekali gus  membekalkan Zn yang 
mencukupi dalam diet penduduk Malaysia , kesan baja yang berbeza dan 
sumber Zn yang berbeza pada dua jenis  padi huma yang dikenal pasti 
daripada kajian 1 telah dinilai dalam rumah kaca. Penyataan OsZIP1 , 
OsZIP3 , OsZIP4 , OsZIP5 dan OsZIP8 terlibat dalam penggunaan Zn,  oleh 
dua genotip  padi huma dipilih dan dikaji dalam  daun dan  akar. Hasil 
kajian menunjukkan bahawa, larutan Zn sedia ada pada tumbuhan dan 
penggunaan Zn adalah linear dengan kepekatan dalam larutan nutrien. Di 
samping itu, tanaman yang ditanam dalam larutan dirawat oleh Zn 
mengumpul sebahagian besar unsur logam ini dalam akar. Parameter akar 
lain (panjang , diameter purata , kawasan permukaan , isi padu, dan tip 
akar) tidak menunjukkan sebarang perbezaan yang signifikan dalam 0 
hingga 20 mg L-1 Zn, tetapi mereka menurun secara signifikan pada 30 mg 
Zn L-1. Ini menunjukkan bahawa Zn dalam kepekatan tinggi menyebabkan 
gangguan terhadap pertumbuhan akar. Pada 30 mg Zn L-1 anak pokok akan 
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mati , mungkin disebabkan oleh kesan toksik Zn . Semua parameter akar 
meningkat secara signifikan dalam empat minggu pemerhatian. Variati 
Bertih menyerap Zn yang paling banyak (0.0328 mg pokok-1) dan Nabawan 
menyerap Zn yang paling rendah (0.0138 mg pokok -1) dalam tempoh empat 
minggu. Ini menununjukkan bahawa kandungan Zn tanaman berbeza 
dengan ketara , mencerminkan faktor yang berbeza kesan kepada 
penyerapan Zn oleh jenis padi huma yang diuji. Semua jenis kompos 
menunjukkan kesan positif ke atas kepekatan Zn dan penyerapan di semua 
bahagian padi. Vermikompos adalah yang paling berkesan berbanding 
dengan ketiga-tiga kompos. Kajian telah mendapati bahawa walaupun 
kompos tahi ayam mempunyai lebih kepekatan Zn, ia juga mempunyai  
kepekatan unsur lain yang tinggi  (seperti P yang akan berinteraksi dengan 
Zn). Erti kata lain tanaman tidak dapat menyerap Zn dengan betul 
disebabkan N yang tinggi dalam kompos tahi  ayam, yang akan  
meningkatkan berat kering tanaman di bawah rawatan ini.  Penyerapan Zn 
tidak menunjukkan perbezaan yang signifikan dengan penyerapan Zn 
dalam tumbuhan yang ditanam dalam rawatan vermikompos . Penggunaan 
kompos  organik + Zn meningkat peratusan Zn dalam bijirin lebih daripada 
penggunaan ZnSO4 atau Zn - EDTA bersendirian. Di samping itu, , 
keputusan analisis rawatan  vermikompos + ZnSO4 adalah terbaik  
berbanding rawatan kawalan dan menunjukkan  peningkatan yang 
signifikan dalam kandungan water soluble dan extractable Zndari rawatan 
vermikompos + ZnSO4. Hasil kajian akar dan pucuk padi menunjukkan 
lebih ketara  penyataan OsZIP4 , OsZIP1 , OsZIP8 , OsZIP5 di bawah 
keadaan kekurangan Zn, tetapi OsZIP3 (OsZIP3 tidak dinyatakan dengan 
ketara dalam akar dan pucuk). Secara umumnya, kesimpulan bahawa jenis 
padi huma  yang dikesan menyerap Zn yang tinggi boleh menawarkan cara 
yang mampan dan kos efektif untuk mengatasi masalah kekurangan Zn dan 
penyerapan Zn oleh semua bahagian pokok padi  seperti yang digambarkan 
dalam peningkatan sumber vermikompos+Zn bukan organik (ZnSO4 dan 
Zn-EDTA) merupakan kaedah yang paling berkesan untuk memperkayakan 
Zn dalam penanaman padi. Selain itu, pemupokan bahan organik yang 
dicampur dengan Zn boleh digunakan sebagai sumber Zn untuk  padi 
huma.. Daripada  aspek molekul, seperti OsZIPs ,Zn adalah pengangkut 
yang berfungsi dalam penyerapan Zn; Zink homeostasis adalah penting 
untuk pertumbuhan yang betul dan perkembangan tanaman padi. 
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CHAPTER ONE 
 

1 INTRODUCTION 
 
Zinc (Zn) is an essential micronutrient for normal growth and development 
of all living organisms, including humans and plants (Broadley et al., 2007; 
Wong et al., 1999; Hodges, 1991). In humans, Zn acts as a co-factor for the 
activity of more than 200 enzymes and is required for many biological 
processes such as normal development and function of the immune system, 
neuro-sensory functions (Meunier et al., 2005), reproductive health, and 
brain functions. Similarly, in plants, Zn plays multiple roles in basic 
biochemical processes such as enzyme catalysis or activation, protein 
synthesis, carbohydrate and auxin metabolism, chlorophyll production, 
pollen formation, cytochrome and nucleotide synthesis, maintenance of 
membrane integrity, and energy dissipation (Alloway, 2009; Singh and 
Singh, 1981). 
 
Zinc deficiency in cereal plants is a well-known problem that causes 
reduced agricultural productivity all over the world (Fageria et al., 2002). In 
addition,, it causes widespread Zn deficiency in humans, especially in 
developing countries where diets are cereal-based and poor in animal 
and fish products (Frossard et al., 2000). If humans are Zn-deficient, some of 
the consequences are stunted growth of children (Brown et al., 2004), poor 
immune function resulting in greater susceptibility of children and adults to 
common infectious diseases, such as diarrhoea and pneumonia (Walker et 
al., 2008) and possibly an increased rate of premature births for Zn-deficient 
mothers (Hess and King, 2009). Human nutrition research has suggested the 
following approaches to mitigate human Zn deficiency: dietary 
diversification, i.e. increasing consumption of red meat, fruits, and 
vegetables that are high in bioavailable Zn (Gibson and Anderson, 2009), 
supplementation, i.e. use of Zn-containing vitamin pills or drops (Haider 
and Bhutta, 2009; Hess and King, 2009), fortification, i.e. addition of Zn to a 
staple food during commercial processing prior to marketing to consumers 
(Brown et al., 2010). 
 
Rice is one of the most important staple foods for the increasing world 
population, especially in Asia. Recently, the demand for specialty and high 
quality rice has increased remarkably (Bouman et al., 2005). In general, rice 
production and sufficiency is the main concern of all Asian countries 
currently facing the ever-growing population and climatic uncertainties. 
Because of water constraints, rice production in many countries is now 
undergoing important changes from traditional high water-consuming 
lowland (paddy) rice cultivation to a promising new cultivation method of 
“upland rice”. Upland rice is grown as a dry field crop in irrigated but non-
flooded and non-puddled fertile soils (Bouman et al., 2005). 
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Upland rice cultivation in Malaysia is practiced mostly by the rustic 
communities living especially in Sabah and Sarawak. Certain upland rice 
varieties have desirable characteristics, particularly in terms of their 
fragrance, colors, sizes, and shapes. These qualities contribute to their 
popularity among the farmers and health-conscious consumers as an organic 
food. The yield average of the upland rice is minor than lowland rice, and its 
ranges being from 0.46 to 1.1 tonnes ha-1 (Sheng et al., 2008). 
 
Biofortification may be an even more important approach for rice than for 
other crops because rice is not usually ground into flour before selling it to 
the consumer, making fortification should be more attractive option for rice 
than for wheat or legumes. Biofortification, is increasing Zn content of a 
staple food crop during the growth period of the plant, through either 
agronomic or genetic enrichment, which biofortification of staple crops 
offers specific advantages that complements the other approaches (Bouis et 
al., 2011). a) many of the poorest people in the world who cannot afford 
appropriate dietary diversification live in areas beyond the reach of 
supplementation programs, but may benefit from increased nutritional 
value of their staple food; b) higher cost-effectiveness, since there is very 
little recurrent cost in reaching additional people once genetically-
biofortified nutritious varieties have been developed understanding of Zn 
behavior in soil solution and plants especially Zn uptake by root and shoot 
under upland condition help us to know how to increase Zn content in grain 
and help for rice biofortification. 
 
Upland rice needs to have a deeper root and a higher root length and 
density than lowland rice cultivars because of the limited water availability 
under aerobic as compared to flooded conditions. The primary source of Zn 
for rice plants is through root uptake. Thus, the Zn availability in the 
rhizosphere must be increased, to boost Zn uptake by roots. Under nutrient-
deficient conditions, plants tend to alter their root size and morphology for 
efficient nutrient acquisition (Welch and Shuman, 1995).  
 
Moreover, Zn application methods and sources are aimed at improving Zn 
availability for rice uptake. Most common method of Zn fertilization is 
through soil application. Selection of appropriate Zn sources for soil 
application can be an alternative strategy to improve plant availability of Zn. 
In one hand, Zn fertilizers with good solubility (such as Zn-EDTA and 
ZnSO4) generally resulted in greater Zn transport to the roots compared 
with insoluble ZnO or fritted Zn (Giordano and Mortvedt, 1973). The greater 
soil transport of Zn increased the possibility of Zn being intercepted by the 
fast growing roots, which might have been associated with a greater effect of 
banding Zn-EDTA than fritted Zn. On the other hand, composts are useful 
sources of nutrients including N and P and their application improves 
micronutrient availability by changing soil chemical, physical and biological 
properties (Eghball et al., 2004). In agriculture, compost application is the 
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most common input of organic matter (OM) to soil. It also increases soil 
fertility and water retention as well as chemical speciation (Soumare et al., 
2003). In addition, composts contain a number of metals at varying 
concentrations, depending on the source, and commonly Zn. For instance 
vermicompost, whether used as soil additives or as components of 
greenhouse bedding plant-container media, have improved seed 
germination, enhanced seedling growth and development, and increased 
overall plant productivity (Atiyeh et al., 2002). 
 
Livestock and poultry manure can be an alternative source of fertilizer in 
organic farming where the use of anthropogenic chemicals is prohibited 
(Wong et al., 1999; Hodges, 1991). In addition, oil palm wastes were reported 
to have many characteristics that are superior to peat in growing media (Lim 
and Ratnalingam, 1980). Zinc added to soil as fertilizer may become rapidly 
unavailable for upland rice uptake (Johnson-Beebout et al., 2009), therefore, 
screening or selecting of upland rice genotypes with high efficient Zn 
acquisition in poor Zn conditions is an alternative to alleviate Zn deficiency 
and decrease the utilization of Zn fertilizer. 
 
Rice acquire Zn from rhizosphere and the absorbed Zn must be transported 
into aerial parts as well as to the intracellular compartments of the cell where 
it is required for the Zn-dependent processes. It is necessary to understand 
the molecular mechanism through which plants mobilize, take up, 
translocate, and store Zn. Several members of the Zn-regulated like protein 
(ZIP) gene family (Guerinot, 2000) have been characterized and shown to be 
involved in Zn uptake and transport in plants (Connolly et al., 2002). In rice, 
several ZIPs have been reported e.g. OsIRT1, OsIRT2, OsZIP1, OsZIP3, 
OsZIP4, OsZIP5, OsZIP7, and OsZIP8 (Lee, Jeong et al., 2010; Lee, Kim et al., 
2010; Yang et al., 2009; Ishimaru et al., 2007; Ishimaru et al., 2006; Ishimaru et 
al., 2005; Ramesh et al., 2003). 
 
It is commonly found that Zn-efficient genotypes are able to acquire faster 
and more Zn from the soil and fertilizers and also able to utilize Zn 
internally more efficiently. To determine the Zn-efficient genotype, it has 
been generally accepted that root morphology and Zn transporters in roots 
and shoots are key factors related to Zn acquisition of plant. With this 
supportive background information and keeping these points in view, the 
present investigations on Zn was undertaken with the following objectives 
to evaluate Zn uptake and metabolism in upland rice. 
 
General objective was: 
 
To elucidate the differences between efficient and non-efficient genotype in 
Zn uptake 
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The specific objectives were: 
 
1) To identify Zn-efficient upland rice 
2) To evaluate the effect of different Zn concentrations on root characteristics 
of 7 upland rice landraces 
3) To evaluate the effect of different compost and different sources of Zn on 
two upland rice landraces in glasshouse 
4) To increase Zn content in rice in order to supply adequate Zn in 
Malaysian diet 
5) To elucidate the expression of OsZIP1, OsZIP3, OsZIP4, OsZIP5 and 
OsZIP8 involved in Zn uptake by 2 selected upland rice landraces in the 
leaves and roots. 



© C
O

UPM

 

 

BIBLIOGRAPHY 
 
Acuna, T., Lafitte, H., and Wade, L. (2008). Genotype×environment 

interactions for grain yield of upland rice backcross lines in diverse 
hydrological environments. Field Crops Research, 108(2), 117-125. 

Adhikari, T., and Rattan, R. (2007). Distribution of zinc fractions in some 
major soils of India and the impact on nutrition of rice. 
Communications in Soil Science and Plant Analysis, 38(19-20), 2779-2798. 

Aisueni, N., and Omoti, U. (1999). The making of compost from empty oil palm 
bunch refuse. Books of Abstracts. Paper presented at the Soil science 
society of Nigeria conference, Benin. 

Allison, L., Bollen, W., and Moodie, C. (1965). Total carbon. Methods of Soil 
Analysis. Part 2. Chemical and Microbiological 
Properties(methodsofsoilanb), 1346-1366. 

Alloway, B. (2009). Soil factors associated with zinc deficiency in crops and 
humans. Environmental Geochemistry and Health, 31(5), 537-548. 

Almås, A., Singh, B., and Salbu, B. (1999). Mobility of cadmium-109 and 
zinc-65 in soil influenced by equilibration time, temperature, and 
organic matter. Journal of environmental quality, 28(6), 1742-1750. 

Almendros García, P., Gonzalez Rodriguez, D., and Obrador Pérez, A. F. Á. 
Á., José Manuel (2008). Residual zinc forms in weakly acidic and 
calcareous soil after and oilseed flax crop. 

Andr´e, E., Cruz, M., Ferreira, M., and Palma, L. (2003). Zinc fractions in a 
sandy soil and its relations with availability to Cynodon spp cv. 
Tifton-85. Revista Brasileira de Ciência do Solo, 27(3), 451-459. 

Arancon, N., Edwards, C., and Bierman, P. (2006). Influences of 
vermicomposts on field strawberries: Part 2. Effects on soil 
microbiological and chemical properties. Bioresource Technology, 97(6), 
831-840. 

Araújo, J. d. C. T. d., and Nascimento, C. W. A. d. (2005). Zinc fractionation 
and availability by different extractants in sewage sludge-incubated 
soils. Revista Brasileira de Ciência do Solo, 29(6), 977-985. 

Asada, K., Toyota, K., Nishimura, T., Ikeda, J.-I., and Hori, K. (2010). 
Accumulation and mobility of zinc in soil amended with different 
levels of pig-manure compost. Journal of Environmental Science and 
Health Part B, 45(4), 285-292. 



© C
O

UPM

82 

Asadi, M., Saadatmand, S., Khavari-Nejad, R. A., Ghasem-Nejad, M., and 
Fotokian, M. H. (2002). Effect of zinc (Zn) on some physiological 
characteristics of rice seedling. . Indian  Journal of Fundamental and 
Applied Life Science, 2(40), 89-96. 

Atiyeh, R., Lee, S., Edwards, C., Arancon, N., and Metzger, J. (2002). The 
influence of humic acids derived from earthworm-processed organic 
wastes on plant growth. Bioresource Technology, 84 (1), 7-14. 

Barker, A. V., and Bryson, G. M. (2002). Bioremediation of heavy metals and 
organic toxicants by composting. The Scientific World Journal, 2, 407-
420. 

Bashir, K., Ishimaru, Y., and Nishizawa, N. K. (2012). Molecular mechanisms 
of zinc uptake and translocation in rice. Plant and Soil, 361(1-2), 189-
201. 

Benítez, E., Melgar, R., Sainz, H., Gómez, M., and Nogales, R. (2000). 
Enzyme activities in the rhizosphere of pepper (Capsicum annuum, L.) 
grown with olive cake mulches. Soil Biology and Biochemistry, 32(13), 
1829-1835. 

Benke, M. n. B., Indraratne, S. P., Hao, X., Chang, C., and Goh, T. B. (2008). 
Trace element changes in soil after long-term cattle manure 
applications. Journal of environmental quality, 37(3), 798-807. 

Bernal, M., Clemente, R., and Walker, D. (2009). Interactions of heavy metals 
with soil organic matter in relation to phytoremediation. 
Phytoremediarion: The Green Salvation of the World, 109-129. 

Bernat, C., Casado, D., Ferrando, C., Paulet, S., Pujol, M., and Soliva, M. 
(2001). Compost, manure and sewage sludge applied to a crop 
rotation. A: Recycling of agricultural municipal and industrial residues in 
agriculture. MilÃ : Franco Sangiorgi: University of Milan. 

Black, R. E., Allen, L. H., Bhutta, Z. A., Caulfield, L. E., De Onis, M., Ezzati, 
M., et al. (2008). Maternal and child undernutrition: global and 
regional exposures and health consequences. The lancet, 371(9608), 
243-260. 

Bostick, B., Hansel, C., La Force, M., and Fendorf, S. (2001). Seasonal 
fluctuations in zinc speciation within a contaminated wetland. 
Environmental Science and Technology, 35(19), 3823-3829. 

Bouis, H. E., Hotz, C., McClafferty, B., Meenakshi, J., and Pfeiffer, W. H. 
(2011). Biofortification: a new tool to reduce micronutrient 
malnutrition. Food and Nutrition Bulletin, 32(Supplement 1), 31S-40S. 



© C
O

UPM

83 

Bouis, H. E., and Welch, R. M. (2010). Biofortification - A sustainable 
agricultural strategy for reducing micronutrient malnutrition in the 
global south. Crop Science, 50(Supplement_1), S-20-S-32. 

Bouman, B., Peng, S., Castaneda, A., and Visperas, R. (2005). Yield and water 
use of irrigated tropical aerobic rice systems. Agricultural Water 
Management, 74(2), 87-105. 

Bray, R. H., and Kurtz, L. (1945). Determination of total, organic, and 
available forms of phosphorus in soils. Soil Science, 59(1), 39-46. 

Bremner, J. (1960). Determination of nitrogen in soil by the Kjeldahl method. 
J. Agricultur Science, 55(1), 11-33. 

Broadley, M. R., White, P. J., Hammond, J. P., Zelko, I., and Lux, A. (2007). 
Zinc in plants. New Phytologist, 173(4), 677-702. 

Brown, Chaney, R., Hallfrisch, J., Ryan, J. A., and Berti, W. R. (2004). In situ 
soil treatments to reduce the phyto-and bioavailability of lead, zinc, 
and cadmium. Journal of environmental quality, 33(2), 522-531. 

Brown, K. H., Hambidge, K. M., and Ranum, P. (2010). Zinc fortification of 
cereal flours: Current recommendations and research needs. Food and 
Nutrition Bulletin, 31(Supplement 1), 62S-74S. 

Bruulsema, T. W. (2012). In T. W. Bruulsema, P. Heffer, R. M. Welch, I. 
Cakmak & M. Kevin (Eds.), fertilizing crops to improve human health 
(Vol. 1): Food and nutrient security. 

Bruulsema, T. W., and Association, I. F. I. (2012). Fertilizing crops to improve 
human health: a scientific review: International Plant Nutrition Institute. 

Bruun, S., Hansen, T. L., Christensen, T. H., Magid, J., and Jensen, L. S. 
(2006). Application of processed organic municipal solid waste on 
agricultural land - a scenario analysis. Environmental Modeling & 
Assessment, 11(3), 251-265. 

Cakmak, I. (2002). Plant nutrition research: Priorities to meet human needs 
for food in sustainable ways. Plant and Soil, 247(1), 3-24. 

Cakmak, I. (2008). Enrichment of cereal grains with zinc: agronomic or 
genetic biofortification. Plant and Soil, 302(1-2), 1-17. 

Cakmak, I., Kalaycı, M., Ekiz, H., Braun, H., Kılınç , Y., and Yılmaz, A. 
(1999). Zinc deficiency as a practical problem in plant and human 
nutrition in Turkey: A NATO-science for stability project. Field Crops 
Research, 60(1), 175-188. 



© C
O

UPM

84 

Cakmak, I., Kalayci, M., Kaya, Y., Torun, A., Aydin, N., Wang, Y., et al. 
(2010). Biofortification and localization of zinc in wheat grain. Journal 
of Agricultural and Food Chemistry, 58(16), 9092-9102. 

Carbonell-Barrachina, A., Jugsujinda, A., Burlo, F., Delaune, R., and Patrick 
Jr, W. (2000). Arsenic chemistry in municipal sewage sludge as 
affected by redox potential and pH. Water Research, 34(1), 216-224. 

Catlett, K. M., Heil, D. M., Lindsay, W. L., and Ebinger, M. H. (2002). Soil 
chemical properties controlling zinc activity in 18 Colorado soils. Soil 
Science Society of America Journal, 66(4), 1182-1189. 

Chang, H.-B., Lin, C.-W., and Huang, H.-J. (2005). Zinc-induced cell death in 
rice (Oryza sativa L.) roots. Plant growth regulation, 46(3), 261-266. 

Chao, T. (1972). Selective dissolution of manganese oxides from soils and 
sediments with acidified hydroxylamine hydrochloride. Soil Science 
Society of America Journal, 36(5), 764-768. 

Chapman, A., and Cellier, K. (1986). Residual values of zinc sulfate and 
acidifying (elemental) sulfur for rice on the alkaline Cununurra soils 
of the Ord Irrigation Area, Western Australia. Animal Production 
Science, 26(5), 591-599. 

Chatterjee, A., and Mandal, L. (1985). Zinc sources for rice in soil at different 
moisture regimes and organic matter levels. Plant and Soil, 87(3), 393-
404. 

Chen, L., Dick, W., Streeter, J., and Hoitink, H. (1996). Ryegrass utilization of 
nutrients released from composted biosolids and cow manure. 
Compost science and utilization, 4, 100-103. 

Chen, M., and Ma, L. Q. (2001). Comparison of three aqua regia digestion 
methods for twenty Florida soils. Soil Science Society of America Journal, 
65(2), 491-499. 

Chen, W., Feng, Y., and Chao, Y. (2008). Genomic analysis and expression 
pattern of OsZIP1, OsZIP3, and OsZIP4 in two rice (Oryza sativa L.) 
genotypes with different zinc efficiency. Russian Journal of Plant 
Physiology, 55(3), 400-409. 

Chen, W., He, Z., Yang, X., and Feng, Y. (2009). Zinc efficiency is correlated 
with root morphology, ultrastructure, and antioxidative enzymes in 
rice. Journal of Plant Nutrition, 32(2), 287-305. 

Chowdhury, A., McLaren, R., Cameron, K., and Swift, R. (1997). 
Fractionation of zinc in some New Zealand soils. Communications in 
Soil Science & Plant Analysis, 28(3-5), 301-312. 



© C
O

UPM

85 

Clemente, R., and Bernal, M. P. (2006). Fractionation of heavy metals and 
distribution of organic carbon in two contaminated soils amended 
with humic acids. Chemosphere, 64(8), 1264-1273. 

Connolly, E. L., Fett, J. P., and Guerinot, M. L. (2002). Expression of the IRT1 
metal transporter is controlled by metals at the levels of transcript 
and protein accumulation. The Plant Cell Online, 14(6), 1347-1357. 

Danmanhuri, M. (1998). Hands-on experience in the production of empty fruit 
bunches (EFB) compost. Paper presented at the CETDEM Malaysian 
Organic Farming Seminar. Petaling, Jaya, Selangor, Malaysia. 

De la Fuente, C., Clemente, R., Martinez-Alcalaá, I., Tortosa, G., and Bernal, 
M. P. (2011). Impact of fresh and composted solid olive husk and their 
water-soluble fractions on soil heavy metal fractionation; microbial 
biomass and plant uptake. Journal of hazardous materials, 186(2), 1283-
1289. 

Del Castilho, P., Chardon, W., and Salomons, W. (1993). Influence of cattle-
manure slurry application on the solubility of cadmium, copper, and 
zinc in a manured acidic, loamy-sand soil. Journal of environmental 
quality, 22(4), 689-697. 

Devarajan, R. (1987). Zinc nutrition in green gram. Madras Agricalture 
Journal, 74, 518-520. 

DOA (2005). Agriculture Statistical Handbook (pp. 31): Ministry of 
Agriculture and Agro-based Industry. 

Dobermann, A., and Fairhurst, T. (2000). Rice: Nutrient disorders and nutrient 
management: Int. Rice Res. Inst. 

Dong, B., Rengel, Z., and Graham, R. D. (1995). Root morphology of wheat 
genotypes differing in zinc efficiency. Journal of Plant Nutrition, 18(12), 
2761-2773. 

Drew, M., and Saker, L. (1978). Nutrient supply and the growth of the 
seminal root system in barley III. Compensatory increases in growth 
of lateral roots, and in rates of phosphate uptake, in response to a 
localized supply of phosphate. Journal of Experimental Botany, 29(2), 
435-451. 

Durmaz, E., Coruh, C., Dinler, G., Grusak, M. A., Peleg, Z., Saranga, Y., et al. 
(2011). Expression and cellular localization of ZIP1 transporter under 
zinc deficiency in wild emmer wheat. Plant Molecular Biology Reporter, 
29(3), 582-596. 



© C
O

UPM

86 

Edwards, C. A., and Burrows, I. (1988). The potential of earthworm 
composts as plant growth media. CA Edwards and I Burrows, 211-219. 

Eghball, B., Ginting, D., and Gilley, J. E. (2004). Residual effects of manure 
and compost applications on corn production and soil properties. 
Agronomy Journal, 96(2), 442-447. 

Elliott, H., Liberati, M., and Huang, C. (1986). Competitive adsorption of 
heavy metals by soils. Journal of environmental quality, 15(3), 214-219. 

Eneji, A. E., Yamamoto, S., and Honna, T. (2001). Rice growth and nutrient 
uptake as affected by livestock manure in four Japanese soils. Journal 
of Plant Nutrition, 24(2), 333-343. 

Erhart, E., and Wilfried, H. (2010). Compost use in organic farming. 

Fageria, N., Baligar, C., and Clark, R. (2002). Micronutrients in crop 
production. Advances in Agronomy, 77, 185-268. 

FAO (2002). biological control, from www.fao.org/ag/irc 

Fischer, K., Bipp, H.-P., Riemschneider, P., Leidmann, P., Bieniek, D., and 
Kettrup, A. (1998). Utilization of biomass residues for the remediation 
of metal-polluted soils. Environmental science & technology, 32(14), 
2154-2161. 

Forde, B., and Lorenzo, H. (2001). The nutritional control of root 
development. Plant and Soil, 232(1), 51-68. 

Frossard, E., Bucher, M., MÃchler, F., Mozafar, A., and Hurrell, R. (2000). 
Potential for increasing the content and bioavailability of Fe, Zn and 
Ca in plants for human nutrition. Journal of the Science of Food and 
Agriculture, 80(7), 861-879. 

Gao, S., Tanji, K., Scardaci, S., and Chow, A. (2002). Comparison of redox 
indicators in a paddy soil during rice-growing season. Soil Science 
Society of America Journal, 66(3), 805-817. 

Gao, X., Hoffland, E., Stomph, T., Grant, C. A., Zou, C., and Zhang, F. (2011). 
Improving zinc bioavailability in transition from flooded to aerobic 
rice. A review. Agronomy for sustainable development, 32(2), 465-478. 

Gao, X., Kuyper, T. W., Zou, C., Zhang, F., and Hoffland, E. (2007). 
Mycorrhizal responsiveness of aerobic rice genotypes is negatively 
correlated with their zinc uptake when nonmycorrhizal. Plant and 
Soil, 290(1), 283-291. 



© C
O

UPM

87 

Gao, X., Zhang, F., and Hoffland, E. (2009). Malate exudation by six aerobic 
rice genotypes varying in zinc uptake efficiency. Journal of 
environmental quality, 38(6), 2315-2321. 

Gao, X., Zou, C., Fan, X., Zhang, F., and Hoffland, E. (2006). From flooded to 
aerobic conditions in rice cultivation: Consequences for zinc uptake. 
Plant and Soil, 280(1), 41-47. 

Gao, X., Zou, C., Zhang, F., van der Zee, S. E., and Hoffland, E. (2005). 
Tolerance to zinc deficiency in rice correlates with zinc uptake and 
translocation. Plant and Soil, 278(1), 253-261. 

Genc, Y., Huang, C. Y., and Langridge, P. (2007). A study of the role of root 
morphological traits in growth of barley in zinc-deficient soil. Journal 
of Experimental Botany, 58(11), 2775-2784. 

Genc, Y., McDonald, G. K., and Graham, R. D. (2006). Contribution of 
different mechanisms to zinc efficiency in bread wheat during early 
vegetative stage. Plant and Soil, 281(1-2), 353-367. 

Ghani, A., Shah, M., and Khan, D. (1990). Response of rice to elevated rates 
of zinc in mountainous areas of Swat. SARHAD JOURNAL OF 
AGRICULTURE, 6(4), 411-415. 

Gibson, R. S., and Anderson, V. P. (2009). A review of interventions based on 
dietary diversification or modification strategies with the potential to 
enhance intakes of total and absorbable zinc. Food and Nutrition 
Bulletin, 30(Supplement 1), 108S-143S. 

Gibson, R. S., Manger, M. S., Krittaphol, W., Pongcharoen, T., 
Gowachirapant, S., Bailey, K. B., et al. (2007). Does zinc deficiency 
play a role in stunting among primary school children in NE 
Thailand? British Journal of Nutrition, 97(01), 167-175. 

Giordano, P., and Mortvedt, J. (1973). Zinc sources and methods of 
application for rice. Agronomy Journal, 65(1), 51-53. 

Graham, R., Senadhira, D., Beebe, S., Iglesias, C., and Monasterio, I. (1999). 
Breeding for micronutrient density in edible portions of staple food 
crops: conventional approaches. Field Crops Research, 60(1), 57-80. 

Graham, R. D., Ascher, J. S., and Hynes, S. C. (1992). Selecting zinc-efficient 
cereal genotypes for soils of low zinc status. Plant and Soil, 146(1-2), 
241-250. 

Graham, R. D., and Rengel, Z. (1993). Genotypic variation in zinc uptake and 
utilization by plants. DEVELOPMENTS IN PLANT AND SOIL 
SCIENCES, 55, 107-107. 



© C
O

UPM

88 

Graham, R. D., Welch, R. M., and Bouis, H. E. (2001). Addressing 
micronutrient malnutrition through enhancing the nutritional quality 
of staple foods: principles, perspectives and knowledge gaps. 
Advances in Agronomy, 70, 77-142. 

Guerinot, M. L. (2000). The ZIP family of metal transporters. Biochimica et 
Biophysica Acta (BBA)-Biomembranes, 1465(1), 190-198. 

Gupta, V., Singh, C., and Relan, P. (1992). Effect of Zn-enriched organic 
manures on Zn nutrition of wheat and residual effect on soyabean. 
Bioresource Technology, 42(2), 155-157. 

Haider, B. A., and Bhutta, Z. A. (2009). The effect of therapeutic zinc 
supplementation among young children with selected infections: a 
review of the evidence. Food and Nutrition Bulletin, 30(Supplement 1), 
41S-59S. 

Hajiboland, R., and Salehi, S. (2006). Characterization of zn efficiency in 
iranian rice genotypes I. uptake efficieny. Genetic Application Plant 
Physiology, 32(3-4), 191-206. 

Hajiboland, R., Yang, X., and Römheld, V. (2003). Effects of bicarbonate and 
high pH on growth of Zn-efficient and Zn-inefficient genotypes of 
rice, wheat and rye. Plant and Soil, 250(2), 349-357. 

Hajiboland, R., Yang, X., Römheld, V., and Neumann, G. (2005). Effect of 
bicarbonate on elongation and distribution of organic acids in root 
and root zone of Zn-efficient and Zn-inefficient rice ( Oryza sativa L.) 
genotypes. Environmental and experimental botany, 54(2), 163-173. 

Hargreaves, J., Adl, M., and Warman, P. (2008). A review of the use of 
composted municipal solid waste in agriculture. Agriculture, 
Ecosystems and Environment, 123(1), 1-14. 

Harris, D., Rashid, A., Miraj, G., Arif, M., and Shah, H. (2007). Priming seeds 
with zinc sulphate solution increases yields of maize (Zea mays L.) on 
zinc-deficient soils. Field Crops Res, 102, 119-127. 

Hasegawa, H. (2003). High-yielding rice cultivars perform best even at 
reduced nitrogen fertilizer rate. Crop Science, 43(3), 921-926. 

Hegelund, J. N., Pedas, P., Husted, S. r., Schiller, M., and Schjoerring, J. K. 
(2012). Zinc fluxes into developing barley grains: use of stable Zn 
isotopes to separate root uptake from remobilization in plants with 
contrasting Zn status. Plant and Soil, 361(1-2), 241-250. 



© C
O

UPM

89 

Hemanth Kumar, K., and Basavaraj, B. (2008). Zinc transformation in 
calcareous vertisol of tungabhadra command. Karnataka Journal of 
Agricultural Sciences, 21(2), 40. 

Hess, S. Y., and King, J. C. (2009). Effects of maternal zinc supplementation 
on pregnancy and lactation outcomes. Food and Nutrition Bulletin, 
30(Supplement 1), 60S-78S. 

Hodges, R. (1991). Soil organic matter: its central position in organic 
farming. Advances in soil organic matter research: the impact on 
agriculture and the environment. The Royal Society of Chemistry. Redwood 
Press. Cambridge, UK, 355-363. 

Hotz, C., and Brown, K. H. (2004). Assessment of the risk of zinc deficiency in 
populations and options for its control: International nutrition 
foundation: for UN. 

Impa, S., and Johnson-Beebout, S. E. (2012). Mitigating zinc deficiency and 
achieving high grain Zn in rice through integration of soil chemistry 
and plant physiology research. Plant and Soil, 361(1-2), 3-41. 

Impa, S. M., Morete, M. J., Ismail, A. M., Schulin, R., and Johnson-Beebout, S. 
E. (2013). Zn uptake, translocation and grain Zn loading in rice (Oryza 
sativa L.) genotypes selected for Zn deficiency tolerance and high 
grain Zn. Journal of Experimental Botany, 64(10), 2739-2751. 

Imtiaz, M., Rashid, A., Khan, P., Memon, M., and Aslam, M. (2010). The role 
of micronutrients in crop production and human health. Pakistan 
Journal of  Botany, 42(4), 2565-2578. 

Irshad, M., Gill, M. A., Aziz, T., and Ahmed, I. (2004). Growth response of 
cotton cultivars to zinc deficiency stress in chelator-buffered nutrient 
solution. Pakistan Journal of Botany, 36(2), 373-380. 

Ishimaru, Y., Masuda, H., Suzuki, M., Bashir, K., Takahashi, M., Nakanishi, 
H., et al. (2007). Overexpression of the OsZIP4 zinc transporter confers 
disarrangement of zinc distribution in rice plants. Journal of 
Experimental Botany, 58(11), 2909-2915. 

Ishimaru, Y., Suzuki, M., Kobayashi, T., Takahashi, M., Nakanishi, H., Mori, 
S., et al. (2005). OsZIP4, a novel zinc-regulated zinc transporter in rice. 
Journal of Experimental Botany, 56(422), 3207-3214. 

Ishimaru, Y., Suzuki, M., Tsukamoto, T., Suzuki, K., Nakazono, M., 
Kobayashi, T., et al. (2006). Rice plants take up iron as an Fe3+ 
phytosiderophore and as Fe2+ The Plant Journal, 45(3), 335-346. 



© C
O

UPM

90 

Ismail, A. M., Heuer, S., Thomson, M. J., and Wissuwa, M. (2007). Genetic 
and genomic approaches to develop rice germplasm for problem 
soils. Plant molecular biology, 65(4), 547-570. 

Johnson-Beebout, S. E., Lauren, J. G., and Duxbury, J. M. (2009). 
Immobilization of zinc fertilizer in flooded soils monitored by 
adapted DTPA soil test. Communications in Soil Science and Plant 
Analysis, 40(11-12), 1842-1861. 

Jordão, C., Fialho, L., Cecon, P., Matos, A., Neves, J., Mendonça, E., et al. 
(2006). Effects of Cu, Ni and Zn on lettuce grown in metal-enriched 
vermicompost amended soil. Water, Air, and Soil Pollution, 172(1-4), 
21-38. 

Kabata-Pendias, A., and Pendias, H. (1992). Trace metals in soils and plants. 
CRC Press, Boca Raton, FL. 

Kabata-Pendias, A., and Pendias, H. (2001). Trace elements in soils and 
plants. CRC press, Florida, USA, 106-118. 

Kalra, Y. P. (1995). Determination of pH of soils by different methods: 
collaborative study. Journal of AOAC International, 78(2), 310-324. 

Karak, T., Singh, U. K., Das, S., Das, D. K., and Kuzyakov, Y. (2005). 
Comparative efficacy of ZnSO4 and Zn-EDTA application for 
fertilization of rice (Oryza sativa L.). Archives of Agronomy and Soil 
Science, 51(3), 253-264. 

Khan, H., Upadhyay, A., Palaniswami, C., Rethinam, P., Reddy, V., Mandal, 
P., et al. (2000). Integrated nutrient management in plantation crops. 
“Proceedings of PLACROSYM XIV 'Plantation Crops Research and 
Development in the New Millenium”. Rethinam, P., Khan, HH, Reddy, 
VM, Mandal, PK, Suresh, K.(Eds.), 12-15. 

Khan, M. U., and Qasim, M. (2007). Effect of Zn fertilizer on rice grown in 
different soils of Dera Ismail Khan. SARHAD JOURNAL OF 
AGRICULTURE, 23(4), 1033. 

Kiefer, E., Heller, W., and Ernst, D. (2000). A simple and efficient protocol for 
isolation of functional RNA from plant tissues rich in secondary 
metabolites. Plant Molecular Biology Reporter, 18(1), 33-39. 

Kramer, P. J. (1969). Plant and soil water relationships: a modern synthesis. 
Plant and soil water relationships: a modern synthesis. 

Kumar, A., and Yadav, D. (2012). Use of organic manure and fertilizer in rice 
(Oryza sativa) wheat (Triticum aestivum) cropping system for 
sustainability. The Indian Journal of Agricultural Sciences, 65(10). 



© C
O

UPM

91 

Langer, I., Krpata, D., Fitz, W. J., Wenzel, W. W., and Schweiger, P. F. (2009). 
Zinc accumulation potential and toxicity threshold determined for a 
metal-accumulating Populus canescens clone in a dose-response study. 
Environmental pollution, 157(10), 2871-2877. 

Lee, S., Jeon, U. S., Lee, S. J., Kim, Y.-K., Persson, D. P., Husted, S. r., et al. 
(2009). Iron fortification of rice seeds through activation of the 
nicotianamine synthase gene. Proceedings of the National Academy of 
Sciences, 106(51), 22014-22019. 

Lee, S., Jeong, H. J., Kim, S. A., Lee, J., Guerinot, M. L., and An, G. (2010). 
OsZIP5 is a plasma membrane zinc transporter in rice. Plant molecular 
biology, 73(4), 507-517. 

Lee, S., Kim, S. A., Lee, J., Guerinot, M. L., and An, G. (2010). Zinc 
deficiency-inducible OsZIP8 encodes a plasma membrane-localized 
zinc transporter in rice. Molecules and Cells, 29(6), 551-558. 

Lim, K., and Ratnalingam, R. (1980). Fuel values of some Malaysian 
vegetation. Planter, Kuala Lumpur, 56(647), 46-48. 

Lin, C.-W., Chang, H.-B., and Huang, H.-J. (2005). Zinc induces mitogen-
activated protein kinase activation mediated by reactive oxygen 
species in rice roots. Plant physiology and biochemistry, 43(10), 963-968. 

Liu, A., Hamel, C., Hamilton, R., Ma, B., and Smith, D. (2000). Acquisition of 
Cu, Zn, Mn and Fe by mycorrhizal maize (Zea mays L.) grown in soil 
at different P and micronutrient levels. Mycorrhiza, 9(6), 331-336. 

Lo, K., Yang, W., and Lin, Y. (1992). Effects of organic matter on the specific 
adsorption of heavy metals by soil. Toxicological and Environmental 
Chemistry, 34(2-4), 139-153. 

Los Baiios, and Philip, p. (1970). IRRI ( Int. Rice Res. Inst. ). 

Malik, N., Chamon, A., Mondol, M., Elahi, S., and Faiz, S. (2011). Effects of 
different levels of zinc on growth and yield of red amaranth 
(Amaranthus sp.) and rice (Oryza sativa, Variety-BR49). Journal of the 
Bangladesh Association of Young Researchers, 1(1), 79-91. 

Mandal, B., Hazra, G., and Pal, A. (1988). Transformation of zinc in soils 
under submerged condition and its relation with zinc nutrition of 
rice. Plant and Soil, 106(1), 121-126. 

Mandal, L., and Mandal, B. (1986). Zinc fractions in soils in relation to zinc 
nutrition of lowland rice. Soil Science, 142(3), 141-148. 



© C
O

UPM

92 

Maqsood, M., Hussain, S., Aziz, T., and Ashraf, M. (2011). Wheat-exuded 
organic acids influence zinc release from calcareous soils. Pedosphere, 
21(5), 657-665. 

Mariam, A. L., Masahuling, B., and Jamilah, I. (1991). Hill paddy cultivation 
in Sabah. Sabah Society Journal American Pomological Society, 9(3), 284-
289. 

Marschener, H. (1998). Role of root growth, arbuscular mycorrhiza, and root 
exudates for the efficiency in nutrient acquisition. Field Crops Research, 
56(1), 203-207. 

Marschner, H. (1993). Zinc uptake from soils Zinc in soils and plants (pp. 59-
77): Springer. 

Martens, D., and Westermann, D. (1991). Fertilizer applications for 
correcting micronutrient deficiencies. Micronutrients in 
agriculture(micronutrients 2), 549-592. 

Matsuo, N., Ozawa, K., and Mochizuki, T. (2010). Physiological and 
morphological traits related to water use by three rice (Oryza sativa 
L.) genotypes grown under aerobic rice systems. Plant and Soil, 335(1), 
349-361. 

Mehlich, A. (1978). New extractant for soil test evaluation of phosphorus, 
potassium, magnesium, calcium, sodium, manganese and zinc 1. 
Communications in Soil Science & Plant Analysis, 9(6), 477-492. 

Mengel, K., and Kirkby, E. A. (2001). Principles of plant nutrition: Kluwer 
Academic Pub. 

Meunier, N., O'connor, J., Maiani, G., Cashman, K., Secker, D., Ferry, M., et 
al. (2005). Importance of zinc in the elderly: the ZENITH study. 
European Journal of Clinical Nutrition, 59, S1-S4. 

Moran, K. (2004). Micronutrient product types and their development. Paper 
presented at the International Fertilizer Society. 

MPOB (2010). Malaysian Oil Palm Statistics 2009. Malaysian Palm Oil Board, 
Ministry of Primary Industries, Kuala Lumpur. 

Musa, M. H., Azemi, H., Juraimi, A. S., and Tengku Muda Mohamed, M. 
(2009). Upland rice varieties in Malaysia: agronomic and soil physico-
chemical characteristics. Pertanika Journal of Tropical Agricultural 
Science, 32(3), 225-246. 

Muscolo, A., Bovalo, F., Gionfriddo, F., and Nardi, S. (1999). Earthworm 
humic matter produces auxin-like effects on Daucus carota cell 



© C
O

UPM

93 

growth and nitrate metabolism. Soil Biology and Biochemistry, 31(9), 
1303-1311. 

Naik, S. K., and Das, D. K. (2007). Effect of split application of zinc on yield 
of rice (Oryza sativa L.) in an inceptisol. Archives of Agronomy and Soil 
Science, 53(3), 305-313. 

Naik, S. K., and Das, D. K. (2008). Relative performance of chelated zinc and 
zinc sulphate for lowland rice (Oryza sativa L.). Nutrient Cycling in 
Agroecosystems, 81(3), 219-227. 

Nishiyama, R., Kato, M., Nagata, S., Yanagisawa, S., and Yoneyama, T. 
(2012). Identification of Zn nicotianamine and Fe-deoxymugineic acid 
in the phloem sap from rice plants (Oryza sativa L.). Plant and Cell 
Physiology, 53(2), 381-390. 

Nogueira, T., Melo, W., Fonseca, I., Marcussi, S., Melo, G., and Marques, M. 
(2010). Fractionation of Zn, Cd and Pb in a tropical soil after nine-year 
sewage sludge applications. Pedosphere, 20(5), 545-556. 

Orlov, D., Sadovnikova, L., Ammosova, J., and Krasnyak, S. (1994). Roles of 
soil humic acids in the detoxification of soil chemical pollutants and 
in soil productivity. Humic Substances in the Global Environment and 
Implications on Human Health. N. Senesi and TM Miano, eds. Instituto di 
Chimica Agraria Universita degli Studi-Bari, Bari, Italy. Elsevier Science 
BV, 681. 

Palmgren, M. G., Clemens, S., Williams, L. E., Krämer, U., Borg, S. r., 
Schjorring, J. K., et al. (2008). Zinc biofortification of cereals: problems 
and solutions. Trends in plant science, 13(9), 464-473. 

Paré, T., Dinel, H., and Schnitzer, M. (1999). Extractability of trace metals 
during co-composting of biosolids and municipal solid wastes. 
Biology and fertility of soils, 29(1), 31-37. 

Pavanasasivam, V., and Axley, J. (1980). Influence of flooding on the 
availability of soil zinc 1. Communications in Soil Science and Plant 
Analysis, 11(2), 163-174. 

Pedas, P., Schjoerring, J. K., and Husted, S. r. (2009). Identification and 
characterization of zinc-starvation-induced ZIP transporters from 
barley roots. Plant physiology and biochemistry, 47(5), 377-383. 

Piper, C. S. (1950). Soil and plant analysis: a laboratory manual of methods for the 
examination of soils and the determination of the inorganic constituents of 
plants: University of Adelaide. 



© C
O

UPM

94 

Podar, D., Scherer, J., Noordally, Z., Herzyk, P., Nies, D., and Sanders, D. 
(2011). Metal selectivity determinants in a family of transition metal 
transporters. Journal of Biological Chemistry, 287(5), 3185-3196. 

Ponnamperuma, F. (1972). The chemistry of submerged soils: Academic Press 
NY and London. 

Qi, X., Cui, Q., Luo, Y., Guo, C., and Chai, T. (2009). Zn stress-induced 
inhibition of bean PvSR2–GUS fusion gene splicing is gene-specific in 
transgenic tobacco. Journal of Plant Physiology, 166(11), 1223-1227. 

Rafique, E., Rashid, A., and Yasm, M. (1990). Extent and severity of 
micronutrient status in soils of Jhelum district. Unpublished) Nat. 
Agrie. Res. Centre., Islamabad, Pakistan. 

Ramesh, S. A., Shin, R., Eide, D. J., and Schachtman, D. P. (2003). Differential 
metal selectivity and gene expression of two zinc transporters from 
rice. Plant Physiology, 133(1), 126-134. 

Rauret, G., Lopez-Sanchez, J., Sahuquillo, A., Rubio, R., Davidson, C., Ure, 
A., et al. (1999). Improvement of the BCR three step sequential 
extraction procedure prior to the certification of new sediment and 
soil reference materials. Journal of Environmental Monitoring, 1(1), 57-
61. 

Reddy, C., and Patrick, W. (1977). Effect of redox potential on the stability of 
zinc and copper chelates in flooded soils. Soil Science Society of America 
Journal, 41(4), 729-732. 

Regmi, B., Rengel, Z., Shaberi-Khabaz, H., and Gilkes, R. (2010). Fractionation 
and distribution of zinc in soils of biologically and conventionally managed 
farming systems, Western Australia. Paper presented at the Proceedings 
of the 19th World Congress of Soil Science: Soil solutions for a 
changing world, Brisbane, Australia, 1-6 August 2010. 

Rehman, H.-u., Aziz, T., Farooq, M., Wakeel, A., and Rengel, Z. (2012). Zinc 
nutrition in rice production systems: a review. Plant and Soil, 1-24. 

Rengel, Z., and Graham, R. D. (1995). Importance of seed Zn content for 
wheat growth on Zn-deficient soil. Plant and Soil, 173(2), 259-266. 

Sajwan, K. S. (1985). Zinc nutrition and redox relationships of submerged paddy 
rice. Colorado State University. 

Sato, Y., Antonio, B. A., Namiki, N., Takehisa, H., Minami, H., Kamatsuki, 
K., et al. (2011). RiceXPro: a platform for monitoring gene expression 
in japonica rice grown under natural field conditions. Nucleic acids 
research, 39(suppl 1), D1141-D1148. 



© C
O

UPM

95 

Savithri, P., Perumal, R., and Nagarajan, R. (1998). Soil and crop 
management technologies for enhancing rice production under 
micronutrient constraints. Nutrient Cycling in Agroecosystems, 53(1), 
83-92. 

Sheng, C. c., Kimi, S., Man, A., and Hussain, Z. (2008). Aerobic Rice: Producing 
More Rice with Less Water. Serdang: MARDI  

Shivay, Y. S., Kumar, D., Prasad, R., and Ahlawat, I. (2008). Relative yield 
and zinc uptake by rice from zinc sulphate and zinc oxide coatings 
onto urea. Nutrient Cycling in Agroecosystems, 80(2), 181-188. 

Shuman, L., and Luxmoore, R. (1991). Chemical forms of micronutrients in 
soils. Micronutrients in agriculture.(Ed. 2), 113-144. 

Simms, D., Cizdziel, P. E., and Chomczynski, P. (1993). Trizol: A new 
reagent for optimal single-step isolation of RNA. Focus, 15(4), 532-535. 

Singh, A., Sakal, R., and Singh, B. (1983). Relative effectiveness of various 
types and methods of zinc application on rice and maize crops grown 
in calcareous soil. Plant and Soil, 73(3), 315-322. 

Singh, C. (1987). Preparation of high grade compost by an enrichment 
technique. I. Effect of enrichment on organic matter decomposition. 
Biological Agriculture & Horticulture, 5(1), 41-49. 

Singh, M., Chhabra, R., and Abrol, I. (1983). Factors affecting DTPA-
extractable zinc in sodic soils. Soil Science, 136(6), 359-366. 

Singh, M., and Singh, S. (1980). Yield of submerged paddy and uptake of Zn, 
P and N as affected by liming and Zn fertilizers. Plant and Soil, 56(1), 
81-92. 

Singh, R., and Agrawal, M. (2008). Potential benefits and risks of land 
application of sewage sludge. Waste management, 28(2), 347-358. 

Singh, S., and Singh, M. (1981). Chemically extractable zinc as affected by 
zinc sources and CaCO3 under submerged soil. Journal of the Indian 
Society of Soil Science, 29(1), 37-39. 

Singh, S. P., and Westermann, D. T. (2002). A single dominant gene 
controlling resistance to soil zinc deficiency in common bean. Crop 
Science, 42(4), 1071-1074. 

Slaton, N. A., Wilson, C. E., Ntamatungiro, S., Norman, R. J., and Boothe, D. 
L. (2001). Evaluation of zinc seed treatments for rice. Agronomy 
Journal, 93(1), 152-157. 



© C
O

UPM

96 

Song, A., Li, P., Li, Z., Fan, F., Nikolic, M., and Liang, Y. (2011). The 
alleviation of zinc toxicity by silicon is related to zinc transport and 
antioxidative reactions in rice. Plant and Soil, 344(1-2), 319-333. 

Soumare, M., Tack, F., and Verloo, M. (2003). Effects of a municipal solid 
waste compost and mineral fertilization on plant growth in two 
tropical agricultural soils of Mali. Bioresource Technology, 86(1), 15-20. 

Stein, A. J., Nestel, P., Meenakshi, J., Qaim, M., Sachdev, H., and Bhutta, Z. 
A. (2007). Plant breeding to control zinc deficiency in India: How cost-
effective is biofortification? Public health nutrition, 10(05), 492-501. 

Sujatha, S., and Bhat, R. (2013). Impact of vermicompost and nitrogen-
phosphorus-potassium application on biomass partitioning, nutrient 
uptake and productivity of arecanut. Journal of Plant Nutrition, 36(6), 
976-989. 

Suzuki, M., Bashir, K., Inoue, H., Takahashi, M., Nakanishi, H., and 
Nishizawa, N. K. (2012). Accumulation of starch in Zn-deficient rice. 
Rice, 5(1), 1-8. 

Tang, M., Hu, F., Wu, L., Luo, Y., Jiang, Y., Tan, C., et al. (2009). Effects of 
copper-enriched composts applied to copper-deficient soil on the 
yield and copper and zinc uptake of wheat. International Journal of 
Phytoremediation, 11(1), 81-93. 

Tariq, M., Hameed, S., Malik, K. A., and Hafeez, F. Y. (2007). Plant root 
associated bacteria for zinc mobilization in rice. Pakistan Journal of 
Botany, 39(1), 245. 

Tauris, B., Borg, S. r., Gregersen, P. L., and Holm, P. B. (2009). A roadmap for 
zinc trafficking in the developing barley grain based on laser capture 
microdissection and gene expression profiling. Journal of Experimental 
Botany, 60(4), 1333-1347. 

Thambirajah, J., Zulkali, M., and Hashim, M. (1995). Microbiological and 
biochemical changes during the composting of oil palm empty-fruit-
bunches. Effect of nitrogen supplementation on the substrate. 
Bioresource Technology, 52(2), 133-144. 

Viets, F. (1966). Zinc deficiency in the soil-plant system. Zinc Metabolism. AS 
Prasad (eds.). CC Thomas, Springfield, IL, 90-127. 

von Wiren, N., Marschner, H., and Romheld, V. (1996). Roots of iron-
efficient maize also absorb phytosiderophore-chelated zinc. Plant 
Physiology, 111(4), 1119-1125. 



© C
O

UPM

97 

Walker, C. F., Ezzati, M., and Black, R. (2008). Global and regional child 
mortality and burden of disease attributable to zinc deficiency. 
European Journal of Clinical Nutrition, 63(5), 591-597. 

Walker, D. J., Clemente, R., and Bernal, M. P. (2004). Contrasting effects of 
manure and compost on soil pH, heavy metal availability and growth 
of Chenopodium album L. in a soil contaminated by pyritic mine waste. 
Chemosphere, 57(3), 215-224. 

Walker, D. J., Clemente, R., Roig, A., and Bernal, M. P. (2003). The effects of 
soil amendments on heavy metal bioavailability in two contaminated 
Mediterranean soils. Environmental pollution, 122(2), 303-312. 

Wang, Y.-y., Wei, Y.-y., Dong, L.-x., Lu, L.-l., Feng, Y., Zhang, J., et al. (2014). 
Improved yield and Zn accumulation for rice grain by Zn fertilization 
and optimized water management. Journal of Zhejiang University 
SCIENCE B, 15(4), 365-374. 

Waters, B. M., and Sankaran, R. P. (2011). Moving micronutrients from the 
soil to the seeds: genes and physiological processes from a 
biofortification perspective. Plant Science, 180(4), 562-574. 

Weber, J., Karczewska, A., Drozd, J., Licznar, M., Licznar, S., Jamroz, E., et al. 
(2007). Agricultural and ecological aspects of a sandy soil as affected 
by the application of municipal solid waste composts. Soil Biology and 
Biochemistry, 39(6), 1294-1302. 

Welch, R. M., and Graham, R. D. (2002). Breeding crops for enhanced 
micronutrient content. Plant and Soil, 245(1), 205-214. 

Welch, R. M., and Graham, R. D. (2004). Breeding for micronutrients in 
staple food crops from a human nutrition perspective. Journal of 
Experimental Botany, 55(396), 353-364. 

Welch, R. M., and Shuman, L. (1995). Micronutrient nutrition of plants. 
Critical Reviews in plant sciences, 14(1), 49-82. 

Widodo, B., Rose, T., and Frei, M. (2010). Response to zinc deficiency of two 
rice lines with contrasting tolerance is determined by root growth 
maintenance and organic acid exudation rates, and not by zinc-
transporter activity. New Phytologist,, 186, 400-401. 

Wissuwa, M., Ismail, A. M., and Yanagihara, S. (2006). Effects of zinc 
deficiency on rice growth and genetic factors contributing to 
tolerance. Plant Physiology, 142(2), 731-741. 



© C
O

UPM

98 

Wong, J., Ma, K., Fang, K., and Cheung, C. (1999). Utilization of a manure 
compost for organic farming in Hong Kong. Bioresource Technology, 
67(1), 43-46. 

Yang, X., Hajiboland, R., and Römheld, V. (2003). Bicarbonate had greater 
effects than high ph on inhibiting root growth of zinc-inefficient rice 
genotype Journal of Plant Nutrition, 26(2), 399-415. 

Yang, X., Huang, J., Jiang, Y., and Zhang, H.-S. (2009). Cloning and 
functional identification of two members of the ZIP (Zrt, Irt-like 
protein) gene family in rice (Oryza sativa L.). Molecular biology reports, 
36(2), 281-287. 

Yoshida, S. (1981). Fundamentals of rice crop science: Int. Rice Res. Inst. 

Yoshida, S., Forno, D. A., and Bhadrachalam, A. (1971). Zinc deficiency of 
the rice plant on calcareous and neutral soils in the Philippines. Soil 
Science and Plant Nutrition, 17(2), 83-87. 

Yusri, A., Rasol, A. M., Mohammed, O., Azizah, H., Kume, T., and 
Hashimoto, S. (1995). Biodegradation of oil palm empty fruit bunch into 
compost by composite microorganisms. Paper presented at the EU-
ASEAN Conf. Combustion of Solids and Treated Product. 

Zia, M. S. (1993). Soil fertility evaluation and management for flooded lowland-rice 
soils of pakistan Ph. D. Dissertation Kyoto University, Japan. 

 



© C
O

UPM

124 

LIST OF PUBLICATIONS 
 
Published 
 

1. Upland rice root parameters and their relationship on utilizing 
different levels of applied Zinc; published in International Journal Of 
Scientific Research In Environmental Sciences (IJSRES) 23 of November 
2013 Available online at http://www.ijsrpub.com/ijsres ISSN: 2322-
4983; ©2013 IJSRPUB  pages 372-376 
 

2. Elucidating the expression of Zinc transporters involved in Zinc 
uptake by upland Rice landraces in Malaysia; Published by 
American-Eurasian Network for Scientific Information in journal of 
Advances in Environmental Biology (AEB) 24 December 2013 Pages: 
4854-4857 
 

3.  Effect of Different Rates of Zinc on Root Morphological Traits among 
Different Upland Rice Landraces in Malaysia; International Journal of 
Agriculture and Forestry 2014, 4(3): 255-260 DOI: 
10.5923/j.ijaf.20140403.18 
 

 
4. Effects of application of different sources of Zn and composts on Zn 

concentration and uptake by upland rice; Journal of Agronomy (2015), 
14(1) 23-29 DOI: 10.3923/ja.2015 (ansinet)  

 
Accepted  
 

1. Enrichment of Upland Rice Grains with Zinc On pending for publish 
in Journal of Advances in Environmental Biology (AEB) 
 

 
 
 
 
 


	CHAPTER TWO
	BIBLIOGRAPHY



