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Review Paper 1 

Constrains, production systems and roles of 2 

phosphorus in rice production in Tanzania. 3 

 4 

ABSTRACT 5 

Rice is the second most cultivated food and commercial crop in Tanzania after maize, with a 
cultivated area of about 365000 ha, which represents 18% of the cultivated land. Rice is used 
almost solely for human consumption, and is second only to maize in terms of calorie supply, 
accounting for around 8 percent of the nation’s calorie intake. In 2010, Tanzania became a net 
exporter of rice, producing over 2.6 million tons and was ranked to the second highest levels in 
Africa, directly behind Madagascar. Soil fertility is essential for a rice plant to grow and for 
normal development. However the number of crop problems can be related to nutrient 
imbalance in the field such as soil moisture, temperature, pests and diseases. This review paper 
aimed to explore the rice yield levels, production constrains and systems, role of phosphorus 
and strategies to enhance phosphorus use efficiency in rice farms in Tanzania 
 6 
Keywords: Rice, yield levels, production systems, constrains, phosphorus  7 
 8 

1. Introduction  9 
Rice (Oryza sativa L.) is a cereal grain that belongs to the family Poaceae and ranks second highest in 10 
production worldwide after maize [1]. Nutritionally, husked rice grain provides 20% and 15% of global 11 
human per capita energy and protein, respectively [1]. In other countries such as Japan and Korea rice is 12 
used as food as well for making alcoholic products and the rice straw is used as building materials mats 13 
and hats [2]. In Africa and Tanzania in particular, rice is a strategic component of food security and crucial 14 
element for income generation. The demands for rice are postulated to be rising continuously due to 15 
increase in population and consumption rate [2]. A study by Amur [3] indicated that, rice after maize has 16 
been an important staple food for the majority of Tanzanians and will continue to be so for the 17 
foreseeable future. Rice is grown in many parts of Tanzania covering an area of over 365000 hectares in 18 
varied ecosystems ranging from uplands to lowlands [4]. In Tanzania lowland and upland rice is mainly 19 
cultivated on large scale farms like the Kapunga Rice Farms which cover approximately 20000 hectares 20 
[3]. Small scale farmers’ irrigation rice schemes like the Lower Moshi project also contribute substantially 21 
to rice production in Tanzania. The most important rice growing regions in Tanzania include Tabora, 22 
Morogoro, Mbeya, Shinyanga and Coast [5]. A number of factors such as declining soil fertility, 23 
inadequate use of fertilizers, poor crop husbandry and inadequate rainfall have been reported to 24 
contribute to the low levels of rice yields in Tanzania [6]. Of these factors, soil fertility and nutrient 25 
management have a major influence on both the rice yields and quality [7]. Rice like any other crop 26 
requires balanced nutrients for optimum yields and one of the most deficient or limiting nutrients in rice 27 
production in Tanzania is phosphorus [8]. Its functions in rice plants include stimulating root development, 28 
early flowering, and ripening, enabling the plant to counteract the unfavourable effects of late 29 
transplanting hence induces the plant to tiller more adequately [9]. Phosphorus also improves the food 30 
value of rice and ensures normal grain development [9]. Therefore this review aims to explore the rice 31 
production constrains and systems, roles of phosphorus and strategies to enhance phosphorus use 32 
efficiency in rice production in Tanzania. This will provides the great understanding to farmers on how 33 
they can manipulate the resources and boost the rice productivity under varied agro ecosystems. 34 
 35 
2. Rice yield levels 36 

In East Africa, Madagascar, the Comoros and Tanzania are among the world’s leading rice-consuming 37 
nations. However, only Madagascar claims to be self-sufficiency in rice production [10]. In 2006, paddy 38 
rice production in Sub-Sahara Africa was estimated at 14.2 million tons [10] and the rice production grew 39 
at 3.23% per annum from 1961 to 2005. This growth rate was higher than the yearly population growth 40 
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rate of 2.90% in some major rice producing countries like the Comoros and Madagascar during the same 41 
period hence led to excess rice stocks which were sold hence improved the living standards and tax 42 
revenue for the countries [10]. In East Africa, the average annual milled rice production was 2.6 million 43 
tons in the period 2001-2005 [10]. In 2006 the milled rice production estimate for East Africa was 3.1 44 
million tons, with Madagascar and Tanzania accounting for 2.3 million tones and 525,300 tones, 45 
respectively [10]. This increase in production was mainly due to the use of fertilizers as a soil fertility 46 
management strategy, adoption of irrigation practices, growing of improved rice varieties, control of pests 47 
and increase in the land areas under rice production. 48 
 49 
3. Rice Production Constraints 50 

It has been reported that adequate supply of nutrients in the form of fertilizers and manures and good 51 
pest control measures are equally important as moisture deficit management for increased rice 52 
productivity in any rice production system [11]. The relative importance of moisture deficit, nutrient and 53 
pest management might vary from one rice cultivation area to another due to physico-chemical and 54 
biological properties of the soils. Fertilizers use in Tanzania is mostly imported, except for rock phosphate 55 
that is mined in the country. Farmers grow mainly local and traditional varieties, many of which have low 56 
yield potential. Most of the rice grown depends on rainfall and many irrigation schemes need urgent 57 
rehabilitation. Upland systems are prone to drought, weed infestation (including Striga), and attacks by 58 
pests and diseases (blast) [10]. Rainfed lowland systems suffer from floods during heavy rains but can 59 
also face drought. Weed infestation, pests (African rice gall midge and stem borers), and diseases (rice 60 
yellow mottle virus, blast, bacterial leaf blight) cause low yields. Soil fertility is generally low [10]. Rice 61 
competes with other crops such as maize, for land and labor. Inadequate postharvest technologies result 62 
in low-quality rice and low prices in the market. Farm operations are mostly (95%) done manually [10]. 63 
Farmers and processors do not have easy access to credit. The infrastructure for transportation, storage, 64 
and processing is often lacking or in need of rehabilitation. Environmental constraints in rice production 65 
refer to unpredictable rainfall (heavy rainfall or low rainfall) with poor distribution for the upland rice 66 
production systems. This condition has been attributed to global climate change [11]. Also, socio-67 
economic constraints is another factor which lead to low rice production in Tanzania because inputs such 68 
as subsidised fertilizers, farm machinery, farmer’s loans, pesticides and improved rice seeds are not 69 
easily accessible by the majority of the small scale rice farmers. Therefore, yield constraints’ analysis 70 
should be systematically carried out so as to develop and chart out the appropriate soil and crop 71 
management strategies for sustainable rice production [12].  72 
 73 
4. Soil moisture-nutrient interaction in rice production  74 

It has been reported that the performance of rainfed lowland rice is variable due to seasonal rainfall 75 
variations conditions and spatial heterogeneity over soil types and topographic positions, consequently, 76 
agro- hydrology might vary from field to field depending on texture of the soils and vegetation cover [13]. 77 
Drought stress is commonly considered the most severe limitation to soil productivity in semi arid areas 78 
even if ponding or even complete submergence may occur some days during the cropping season. If 79 
water stress occurs at tillering stage, it causes the reduction of number of productive tillers and panicles 80 
per hill [14]. However, some experiments have shown that water stress event at flowering and early grain 81 
filling period reduced rice panicle and grain fertility [15]. This is due to the fact that soil moisture stress 82 
affects nutrient availability by limiting the translocation of nutrients from the soil mass to the root surfaces 83 
and the metabolic processes in the plants [15]. Further, it has been shown that the performance of 84 
different rice varieties vary in response to water stress [16]. Some rice varieties are susceptible to soil 85 
moisture stress at vegetative stage and others at flowering and grain filling stages hence low yields [1]. 86 
The fluctuations in soil moisture conditions from anaerobic to aerobic also have profound consequences 87 
on nutrient availability because of redox reactions in the soils [17]. Bell and Seng [18] argued that the 88 
common effect of soil-moisture stress may be due to limited nutrient availability and uptake than the 89 
drought per se because the soil solution dissolves nutrients to form ions in the soil for easier plant uptake. 90 
Bell et al. [19] reported that for very strong to strong acid soils, variation in soil-water saturation interact 91 
with nutrient availability as water logging conditions tend to increase the soil pH to about 5.5 to 6.5 where 92 
most of the nutrients become available to plants. Therefore, standing water in rice paddies increases the 93 
availability of N, P and Si compared to non submerged conditions due to limited translocation of these 94 
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nutrients from the soil mass to the root surface in soil moisture deficit soils as reported by Regland and 95 
Boonpuckdee [20].  96 
 97 
5. Rice production systems 98 

De Datta [16] classified rice cultivation in accordance with sources of water supply as either rainfed or 99 
irrigated rice. Rice is grown in three major ecosystems, rainfed lowland, upland, and irrigated systems. 100 
The area under rice increased from about 0.39 million ha in 1995 to about 0.72 million ha in 2010. Based 101 
on land and water management practices, lands suitable for rice production are classified as lowland (wet 102 
land preparation of fields) and upland (dry land preparation of fields) [1].  Further, according to soil water 103 
regime, rice production systems have been classified as upland rice with no standing water, lowland rice 104 
with 5-50 cm of standing water and deep water rice with greater than 50 cm of standing water during half 105 
of the growing season [16]. It is, therefore, of greater importance to explore how the rice production 106 
systems associate with the production constrains and final grain yields to assist farmers to opt the best 107 
bet technology in their production areas. 108 
 109 
6. Lowland rice production 110 

Lowland rice occupies about 46 million ha or about 35% of the global land area suitable for rice 111 
production and is mostly grown in South and Southeast Asia [21]. In West Africa, the rainfed lowland rice 112 
cultivation system occupies about 82% of the area under rice cultivation and accounts for 75% of the rice 113 
produced in the region [22]. By origin and preference, rice is primarily a lowland crop and its semiaquatic 114 
character was the key to the development of wet land rice in Asia during the early stages of the history of 115 
rice culture [23]. In Tanzania, 74% is under rainfed lowland rice and 6% is irrigated rice [24]. Rice grows 116 
and thrived in those lowlands without the need for extensive drainage [25]. Based on physiography and 117 
hydrology, rice lands were classified by Moormann and VanBreemen [26] into irrigated (where water 118 
supply is assured) and rainfed where water supply is uncontrolled. The cultivation of rainfed lowland rice 119 
in Cambodia [27], Loas, Nepal, Thailand and Madagascar [28] showed that the main management 120 
practices do not differ from those practiced in semi arid areas of Tanzania. These management practices 121 
include; land preparation, crop establishment (direct seeding or transplanting), weeding and harvesting. 122 
The only exceptions are rice fields in the flood plains near rivers which receive water from floods [29] 123 
where the rice fields are not bunded. This type of rice production is called unbunded flooded rainfed 124 
lowland rice system due to adequate water availability and widespread in the southern parts of Tanzania 125 
[14] where the rainfall is higher than 800 mm per annum and reliable. 126 
 127 
7. Upland rice production 128 

The characteristics of soils on which upland rice is grown are non-specific in respect to soil texture, pH, 129 
organic matter content, slope and soil fertility variations [30]. In Tanzania, 20% of the rice production is 130 
from upland rice [24]. According to Moorman and Dudal [31], soil texture affects the moisture status of a 131 
soil more than any other property except topography that makes texture particularly important in upland 132 
rice fields which are bunded to hold water. For upland rice, it is important to consider texture of the 133 
subsoils as it serves as a moisture reservoir [16]. Textures of upland rice soils vary greatly like for 134 
example in Thailand, most upland rice in the hills is grown on clayey and clay loam soils which are 135 
characterized by high soil moisture retention capacities [16]. Therefore it is important to manipulate and 136 
establish the management practice in rice production systems to influence the production. 137 
 138 
8. Forms of P and P transformation in flooded soils 139 

Most mineral soils contain total phosphorus ranging from 0.09 to 0.18% P [32]. The total phosphorous in 140 
mineral soils is present as insoluble and soluble phosphates, both organic and inorganic, and as slightly 141 
soluble salts of calcium [33]. The soils may contain iron, aluminium, and calcium phosphate as 142 
determined by the pH of the soils [33]. Depending on the relative amounts of the phosphate forms, the 143 
mineral P in soils could be roughly classified into four categories namely (i) iron phosphate Fe(H2PO4)2 144 
(including occluded phosphate such as in lateritic soils with strong acidity), (ii) calcium phosphate 145 
(Ca(H2PO4)2 (in soils of medium to slightly acid reaction), (iii) tricalcium phosphate Ca3(PO4)2 (soils of 146 
neutral to alkaline reactions, such as calcareous soils) and (iv) aluminium phosphate Al(H2PO4)3 in soils 147 
developed from volcanic tuff [34].The behavior of phosphates in flooded soils is markedly differently from 148 
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that of phosphate in upland soils and also the availability of P is high under flooding conditions [34]. 149 
Under flooding a more soluble ferrous phosphate (FePO4.2H2O) which is the source of P available to 150 
plants is formed from the reduction of ferric phosphate (Fe(OH)2H2PO4) [16] [35]. In general, wetland rice 151 
is much less responsive to phosphate than are dryland crops grown on the same soils, because flooded 152 
soils have more available native and added phosphates than well drained soils [34]. The increased 153 
availability of P in submerged and reduced soils is attributed to the redox potential of ferric phosphate to 154 
release the occluded phosphate and phosphate sorbed on amorphous iron and manganese oxides [34]. 155 
This is due to the reduction of ferric oxides and desorption by clays and aluminium oxides with increasing 156 
soil pH [34], according to the reaction; 157 
 158 

                                                                                            O  159 
                       ¦¦ 160 
HO—M—OH + H2PO4

-
        HO—M—O—P—OH + OH

- ……….………....… 
(i) 161 

                         ¦ 162 
                        OH 163 
where M is Al or Fe 164 

These oxides are the most reactive cationic centres at low soil pH values [35]. Chang [34] claimed that 165 
the reduction of iron phosphates was the main source of available P for wetland rice. Besides the 166 
transformation of the various P compounds into soluble forms, increased P diffusion due to the increase 167 
in the extent and continuity of the soil solution contributes to increased availability of P in flooded soil and 168 
subsequently to the increase in its uptake by rice plants. As the rate of plant P uptake increases also the 169 
rate of release of P from the various compounds increase into the soil solution so as to maintain the P 170 
equilibrium [34]. In this context, the measurement of P availability could provide useful information 171 
concerning soil health and also serve as a good index of chemical status in different rice crop 172 
management systems. 173 
 174 
10. Role of phosphorus in rice production 175 

Phoshorous is taken up by plants as H2PO4
-
 and HPO4

2-
 [9]. Phosphorus in rice plants as it for other 176 

plants is involved in storage and transfer of high energy compounds, the most common compound being 177 
adenosine triphosphate (ATP); regulatory role in plant metabolism, influences the activity of enzymes and 178 
is a constituent of a number of structural units of plants such as nucleic acids (DNA and RNA) and 179 
phosphoproteins [15]. The concentration of P in the rice plant depends on plant age, variety, season and 180 
available P level in the soil [9]. Ishizuka [36] reported that the percentage of P is high in seedlings, 181 
decreases after transplanting, then gradually increases, peaks at primodial initiation and decreases after 182 
the flowering stage until the dough stage. This behavior is attributed to the mobility of phosphate within 183 
plants. The variation in P concentrations in rice plants is related to the P absorbing power of the rice 184 
roots, which is high during the vegetative and reproductive period [9]. The P absorbed by the rice plants 185 
can be translocated from the older to the younger leaves. Because of its mobility in plants, adequate P 186 
supplied at early growth stages ensures adequate P for grain development. Tandon [37] pointed out that 187 
no soil can sustain high yields if it is deficient in P. It is, therefore, evident that no plant can grow normally 188 
or give good yield if it suffers from P deficiency and this conforms to the Liebig’s Law of Minimum and 189 
Mitscherlich’s equation of plant growth with respective to nutrient supply and availability [38].  190 
 191 
 11. Critical P levels in soils 192 

The critical P concentration in soil is the level above which little or no response to added P is obtained 193 
and below which response to added P is expected [39]. Many soil P testing methods have proved 194 
inadequate in determining the P supplying capacity of wetland rice soils because of the different P 195 
retention mechanisms and transformations in paddy soils as governed by the soil moisture levels in such 196 
soils [40]. Acid extractants like NH4F- HCl that dissolve only calcium and aluminium phosphate provide 197 
poor indications of available phosphate in soils containing appreciable amounts of iron phosphate and 198 
reductant soluble phosphate that become available to the crop after waterlogging. This is because under 199 
flooding a more soluble ferrous phosphate (Fe3(PO4)2.8H2O) which is the source of P available to plants 200 
is formed from the reduction of insoluble ferric phosphate (FePO4.2H2O) as reported by Patnaik [35] and 201 
De Datta [16]. The hydrolysis of aluminium and iron phosphates at higher soil pH, desorption of 202 
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phosphorus from clay and oxides of aluminium and iron and dissolution of apatite due to higher CO2 203 
pressure in the soil solution are the other causes for the higher availability of P in flooded soils.  204 
According to Chang [34], when the iron phosphate is dominant (usually at pH above 5.5), most of the 205 
methods like Bray1 extractant often give good correlations and when calcium phosphate is dominant 206 
(usually with pH above 6.5), the use of alkaline extractant, like the Olsen’s extractant (0.5M NaHCO3) is 207 
preferable [41]. Also when the various phosphates have mixed distribution patterns, alkaline extractants, 208 
such as the 0.5M NaHCO3 and weak acidic extractants containing a complexing radical for trivalent 209 
cations (Al, Fe), like the NH4F- HCl are desirable. Critical P concentrations in the soils for rice which have 210 
been reported by various scientists show wide variations depending on the method of extraction, soil 211 
types and climatic conditions. The critical P value in the soils of warmer regions for rice has been reported 212 
to be 26 mg P kg

-1
 soil as determined by 0.03M NH4F+0.1NHCl [40]. The Philippine Council for 213 

Agriculture Resource Research and Development [42] established the critical Olsen P level for rice at 10 214 
mg P kg

-1
 soil. These variations are attributed to the amounts of phosphate in soil solution that depends 215 

on soil pH, buffer capacity of the soil, quantity of labile solid phase P, diffusion rate, levels of Al and Fe 216 
and their oxides in the soil, temperature and source of available P [38]. However, currently P availability 217 
as extracted from soils by various extractants is expressed in terms of critical ranges, like critical nutrient 218 
ranges instead of absolute critical concentration values [38]. Understanding the dynamics and critical P 219 
levels in the soils is crucial for predicting their interactions as in turn its activity may regulate P uptake and 220 
plant growth in the production systems. 221 
  222 
12.  Critical levels of P in rice plants 223 

The critical nutrient concentration ranges of elements in rice plants is defined as the level below which 224 
deficiency symptoms may develop or above which toxicity symptoms may become visible [16]. The critical 225 
levels of P in rice plants vary according to crop age and plant part analyzed because of the mobility 226 
character of P in plants. Further, Marschner [43] reported that synergetic and antagonistic interactions 227 
between N and P influence the concentrations of either of them in the plant especially when their levels in 228 
the soil are near the deficiency range. Increasing the supply of only one of them stimulates growth, which 229 
can induce the deficiency of the other through the dilution effect. The concentration of phosphorus (P) in 230 
most plants is between 0.1 and 0.4% [38]. Tanaka and Yoshida [44] reported that rice plants whose P 231 
concentrations at tillering stage is 0.1% or lower are P deficient while those with P concentration  > 1.0% 232 
suffer from P toxicity. Similarly, Mikkelsen [45] reported that the critical concentration of P in the rice plant 233 
at maximum tillering was 0.1%, the results also indicated that adequate P concentrations in the rice plants 234 
were in the range of 0.12 to 0.24%. Studies in Tanzania by Semoka and Shenkalwa [46] showed that a P 235 
value of 0.21% at panicle initiation stage in rice shoots was associated with the highest DM yield. When P 236 
was applied to soils at the rate of 60 kg/ha, to soils with initial 7.0 mg P kg

-1
 Bray-1-P, suggesting that this 237 

level of P was adequate for rice. Deficiency symptoms of phosphorus include reduction in leaf expansion 238 
and leaf surface area [47] as cited by Marschner [15] and number of leaves [48] as cited by Marschner 239 
[15]. Premature senescence of leaves and delayed flower initiation are also regarded as deficiency 240 
symptoms of P [15]. It is, therefore, apparent that P concentration values in rice shoots of around 0.2% at 241 
maximum tillering or panicle initiation could be taken to indicate adequate P content in rice plants. 242 
 243 
13. Strategies and approaches to enhance P use efficiency by rice plants 244 

The reversion of plant available P to unavailable forms is a process that cannot be avoided, but with 245 
proper management can lead to increase in plant use efficiency of fertilizer P [49]. According to Sanchelli 246 
[50], practices that directly affect the availability of native or applied P include liming, application of 247 
manure and crop residues, fertilizer placement, rate, time and frequency of phosphate application. 248 
Management of P intensity influences the contents and forms of P in soils. Richards et al. [51] reported 249 
that resin and NaHCO3-P were increased by 3% as a result of P fertilizer application. Tunney et al. [52] 250 
found that labile P fractions were increased to a greater extent by long term application of P than the 251 
more stable fractions of P. Further, Jama et al. [53] observed that moderate rates of P (10-20 kg P ha

-1
) 252 

could give economic increases in yields and at the same time bring about a gradual build up of the P 253 
status of soils under acidic conditions due to the fixation of the P applied by Fe and Al in low pH soils. 254 
Adequate availability of P for growing plants has been enhanced by methods of P fertilizer applications 255 
and rates of P application [8]. Concentrating the phosphate fertilizer near the seed has been found to 256 
reduce phosphate fixation and ensure a high concentration of soluble P for plants because P released 257 
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from P fertilizers is easily taken by the very young seedlings [54],  [52]. Other studies by Olson and 258 
Engelstad [55] showed good responses with appreciable residual effects from nominal rates (30 to 60 kg 259 
P ha

-1
), while others emphasized the need to satisfy the P-retention capacities of soils by heavy P 260 

dressings before effective crop response occurs. Further, Juo and Fox [56] reported that in order to 261 
maintain a given level of solution P in soils with high P retention capacity, it is advisable to add larger 262 
quantities of P fertilizers. Higher amounts of P fertilizer application are recommended for soils with low 263 
initial P and high P fixing capacities in order to reach the critical concentration range of 15 - 50 mg P kg

-1
 264 

soil for plant uptake [57].Furthermore, Mozaffari and Sims [58] recommended long-term applications of P 265 
so as to reduce P sorption capacity in some soils while Griffin and Hanna [59] suggested the need for 266 
heavy and band applications of phosphate fertilizers for substantial plant response to be realized. Izac 267 
[60] and Buresh et al. [61] supported both approaches as means of improving P fertility of soils which 268 
would result into increased yields and income to farmers. However, Jones et al. [40] recommended that to 269 
offset the rapid fixation of the applied phosphates, P fertilizers should be applied frequently instead of 270 
large infrequent applications aimed at supplying the P needs for plants for three or more years. 271 
 272 
14. Conclusion 273 
Future research should focus on role of phosphorus and manipulating the production constrains in the 274 
variable rice production systems to enhance rice yields. By correctly outlining other unknown factors that 275 
affects rice growth, then one can suggest strategies which lead to increased production through improved 276 
plant nutrition. 277 
 278 
15. References 279 

1. International Rice Research Institute. Rice Almanac. Los Bonas, Manila, Philippines. 1993; 142. 280 
2. Grist DH. Rice. Sixth Edition, Longman, Singapore Publishers (Pte) Singapore. 1986; 599. 281 
3. Amur N. Assessment of the fertility status of soils of rice growing areas of Same District, 282 

Kilimanjaro Region, Tanzania. Unpublished Dissertation for award of the MSc. Degree at Sokoine 283 
University of Agriculture, Morogoro, Tanzania 2003; 94. 284 

4. Mghase JJ. Assessment of the Mineral Nutrient Status of the Paddy Soils of ARI Katrin, Ifakara, 285 
Tanzania. Unpublished Dissertation for award of MSc Degree at Sokoine University of 286 
Agriculture, Morogoro, Tanzania. 2001; 101. 287 

5. Tanzania Bureau of Statistics. Statistics Abstract. In: Ministry of Agriculture, Livestock 288 
Development and Co-operatives. Dar-es-Salaam, Tanzania. 1993. 289 

6. Msolla MM. Evaluation of Zinc Status of Rice Growing Areas of Igunga and Nzega Districts, 290 
Tabora Region, Tanzania. Unpublished Dissertation for award of MSc degree at Sokoine 291 
University of Agriculture, Morogoro, Tanzania. 1991; 142. 292 

7. Cassman GK, Peng S, Dobermann A. Nutritional physiology of the rice plant and productivity 293 
decline of irrigated rice systems in the tropics. In: Plant Nutrition for sustainable Food and 294 
Environment (edited by Ando., Fujita., Mae., Matsumoto, H., Mori, S. and Sekiya, J.). Kluwer 295 
Academic Publishers, Japan. 1997; 783-788. 296 

8. Mzee O. Effectiveness of Minjingu phosphate rock as a source of phosphorus for lowland rice 297 
production in selected soils of Tanzania. Unpublished Dissertation for award of MSc Degree at 298 
Sokoine University of Agriculture, Morogoro, Tanzania. 2001; 119. 299 

9. Marschner H. Mineral Nutrition of Higher Plants. Second Edition. Academic Press Limited, 300 
London. 1995; 697. 301 

10. West Africa Rice Development Centre (WARDA). Africa Rice Trends: Overview of recent 302 
developments in the sub-Saharan Africa rice sector. Africa Rice Center Brief. Cotonou, Benin. 303 
2007; 10. 304 

11. Boling A, Tuong TP, Jatmiko SY, Burac MA. Yields constraints of rainfed lowland rice in Central 305 
Java, Indonesia. Field Crop Research. 2004; 90:351-360. 306 

12. Ministry of Agriculture and Cooperatives. Basic Data. Agriculture and Livestock Sector (1991/92 – 307 
1997/98). Dar es Salaam, Tanzania. 1998; 50. 308 

13. Wade LJ, Fukai S, Samson BK, Ali A, Mazid MA. Rainfed lowland rice: physical environment and 309 
cultivar requirements. Field Crops Research. 1999; 64:3-12. 310 

14. Kanyeka ZL, Msomba SW, Kihupi AN, Penza MSF. Rice ecosystems in Tanzania: 311 
Characterization and Classification. Research and Training Newsletter. 1994; 9(1-2):13-15. 312 

UNDER PEER REVIEW

work
Highlight

work
Sticky Note
Modify conclusion part.....

work
Highlight
most of the references are older please try to add latest (ten years) reference 



7 
 

15. Marschner H. Mineral Nutrition of Higher Plants. Academic Press Inc., San Diego. 1996; 674. 313 
16. De Datta SK. Principles and Practices of Rice Production. John Wiley and Sons, New York. 1981; 314 

618. 315 
17. Burford JR, Sahrawat KL, Singh RP. Nutrient management in vertisols in the Indian Semi-arid 316 

Tropics. Management of Vertisols for Improved Agricultural Production. Proceedings of an 317 
IBSRAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, Patancheru, AP, India. 318 
1989; 147-159. 319 

18. Bell RW, Seng V. Rainfed lowland rice-growing soils of Cambodia, Laos and North-east Thailand. 320 
In: Water in Agriculture. (Seng, V., Craswel, E. and Fukai, S. Eds). ACIAR Proceedings No 116e. 321 
2004; 112-118. 322 

19. Bell RW, Ros C, Seng V. Improving the efficiency and sustainability of fertilizer use in drought 323 
and submerged prone rainfed lowlands in Southeast Asia. In: Increasing lowland rice productivity 324 
in the Mekong Region. Canberra, (Fukai, S., Basnayake, J. Eds).  ACIAR Proceedings No 101. 325 
2001; 155-169. 326 

20. Regland J, Boonpuckdee L. Fertilizer response in Northeast, Thailand. 1. Literature review and 327 
rationale. Thai Journal of Soils and Fertilizers. 1987; 9: 65-79. 328 

21. McLean JL, Dawe DC, Hardy B, Hettel GP. Rice Almanac. 3
rd

 Eds. IRRI, Los Banos, Philippine, 329 
West Africa Research Development Association (WARDA) Bouke, Ivory Coast, International 330 
Centre for Tropical Agriculture, Cali, Columbia and Food and Agriculture Organization, Italy. 331 
2002; 253. 332 

22. West Africa Rice Development Centre (WARDA). Annual Report. Bouke Cote d’Ivoire. 1994; 126. 333 
23. Swaminathan MS. No time to relax. Rice farming systems: New directions. In Proceeding of an 334 

International Symposium, Research and Training, 31 January – 3 February, 1989. International 335 
Rice Research Institute Sakha, Egypt. 1989; 1 –24. 336 

24. Greig L. An Analysis of the key factors influencing farmer’s choice of crop, Kibamba Ward, 337 
Tanzania. Journal of Agricultural Economics. 2009; 60(3): 699-715. 338 

25. Ching’ang’a HM. Rice in Tanzania: Rice improvement in Eastern: Central and Southern Africa. In: 339 
Proceedings of the International Rice Workshop, 7-9 April 1984. International Rice Research 340 
Institute. Lusaka, Zambia. 1985; 97-99. 341 

26. Moormann FR, Van Breemen N. Rice: Soil water and land. International Rice Research Institute. 342 
Los Banos, Philippines. 1978; 185. 343 

27. Lando RP, Mark S. Rainfed Lowland Rice in Cambodia. A Baseline Survey. IRRI, Research 344 
paper series 152, IRRI, Manila. 1994; 20. 345 

28. Fujisaka S. Rainfed lowland rice: building research on farmers practice and technical knowledge. 346 
Agriculture, Ecosystems and Environments. 1990; 33: 57-74. 347 

29. Enserink HJ, Bunyecha KF, Meertens HCC, Kajiru GJ, Bagarama F. From farming systems 348 
research and extension to zonal strategies: rice research in Sukumaland, Tanzania. In: System 349 
Oriented Research in Agriculture and Rural Development. 13

th 
International Symposium, 21-25 350 

November 1994. CIRAD, Montpellier, France. 1994; 86-91. 351 
30. De Datta SK, Feuer R. Soils on which upland rice is grown. Major Research in Upland Rice. In 352 

Proceedings of the International Upland Rice Workshop. 28-29 September, 1975. International 353 
Rice Research Institute. Bouake, Ivorycost. 1975; 14-29. 354 

31. Moormann F, Dudal R. Characteristics of soils on which paddy is grown in relation to their 355 
capability classification. Soil Survey Report 32. Land Development Department, Bangkok. 1965; 356 
22. 357 

32. Patric WH, Mahapatra IC. Transformation and availability to rice of nitrogen and phosphorus in 358 
waterlogged soils. Advances in Agronomy. 1968; 20: 323-359. 359 

33. Ponnamperuma FN. Chemistry of submerged soils. Advances in Agronomy. 1972; 24: 29-96. 360 
34. Chang TT. The origin, evaluation, cultivation, dissemination and diversification of Asian and 361 

African rices. Euphytica. 1976; 25: 524-541. 362 
35. Patnaik S. Natural sources of nutrients in rice soils. In: Rice and Soils. International Rice 363 

Research Institute. Los Banos. 1978; 501-520. 364 
36. Ishizuka Y. Nutrient uptake at different stages of growth. The Mineral Nutrition of Rice Plant. 365 

1965; 199-218. 366 

UNDER PEER REVIEW



8 
 

37. Tandon HLS. Phosphorus Research and Agricultural Production in India. Fertilizer Department 367 
and Consultation Organisation, New Delhi. 1987; 160. 368 

38. Tisdale SL, Nelson WL, Beaton JD, Halvlin JL. Soil Fertility and Fertilizers, 5
th
 Ed. Prentice Hall.  369 

1993; 634. 370 
39. Sanchez PA. Properties and Management of Soils in the Tropics. John Wiley and Sons. Inc. New 371 

York and Toronto. 1976; 618. 372 
40. Jones US, Katyal JC, Mammaril CP, Park CS. Wetland nutrient deficiency other than nitrogen. In: 373 

Rice research strategies for future. International Rice Research Institute, Los Banos. 1982; 327-374 
378. 375 

41. Black AS, Sherlock RR. Efficient use of urea fertilizer: Management to minimize ammonia 376 
volatilization. Proceedings of the 20

th
 Technical Conference of New Zealand Fertilizer Manufacturers' 377 

Research Association. Volume 1. 1985; 297-306. 378 
42. Philippine Council for Agricultural Resource Research and Development (PCARRD). The 379 

Philippine Recommendation for Soil Fertility Management. Los Banos, Phillippine. 1978; 105. 380 
43. Marschner H. Mineral Nutrition of Higher Plants. Academic Press. London. 1990; 889. 381 
44. Tanaka A, Yoshida S. Nutrition disorders of the rice plants in Asia. International Rice Research 382 

Institute. Technical Bulletin 10. 1970; 35-40. 383 
45. Mikkelsen DS. Diagnostic plant analysis for rice. In: Proceedings of the State Wide Conference 384 

on Soil and Plant Tissue Testing. University of Carlifornia, Davis California. 1971; 55. 385 
46. Semoka JMR, Shenkalwa EM. Effect of N, P and K fertilizers on the growth and yield of rice 386 

grown in soils from Dakawa rice farm.In: Proceeding of 7
th
 Annual General Meeting of Soil 387 

Science Society of East Africa. (Edited by Msumali, G.P., Semoka, J.R.M. and Sharma, A.K.) Dec 388 
16-19, 1985. Arusha, Tanzania. 1985; 209-219. 389 

47. Angus JF, Fazekas de St Groth C, Tasic RC. Between farms variability in yield responses to 390 
inputs of fertilizers and herbicide applied to rainfed lowland rice in the Philippines Agriculture, 391 
Ecosystems and Environment. 1990; 30: 219-234. 392 

48. Bolan NS, Barrow NJ, Posner AM. Describing the effect of time on sorption of phosphate by iron 393 
and aluminium hydroxides. Journal of Soil Science. 1985; 36:187-197. 394 

49. Penas EJ, Sander DH. Using phosphorus fertilizer effectively. 1993.  395 
[http://www.ianr.unl.ed/pubs/soil/g 601.htm.]. Site visited on 15 June, 2014. 396 

50. Sanchelli V. Phosphate in Agriculture. Chapman and Hall, Ltd. London. 1965; 277. 397 
51. Richards JE, Bates TE, Shepherd SC. Changes in the forms and distribution of soil phosphorus 398 

due to long-term corn production. Canadian Journal of Soil Science. 1995; 75: 311-318. 399 
52. Tunney HA, Breenwsma PS, Withers A, Ahlert RAI. Phosphorus fertilizer strategies. Present and 400 

future. In: Phosphorus Loss from Soil to Water (Edited by Tunney H., Carton, O.J., Brookes, P.C. 401 
and Johnston, A.E. CAB International 198. Madison Avenue, New York. 1997; 177-204. 402 

53. Jama B, Swinkels RA, Buresh RJ. Agronomic and economic evaluation and inorganic sources of 403 
phosphorus in Western Kenya. Agronomy Journal. 1997; 89: 597-604. 404 

54. Bear FE. Chemistry of Soils. 2
nd

 Edition. Oxford and IBH Publishing Co PVT Ltd. New Delhi. 405 
1964. 514. 406 

55. Olson RA, Engelstad OP. Soil phosphorus and sulphur; In soils of the humid tropics. National 407 
Academy of Science. 1972; 82-95. 408 

56. Juo ASR, Fox RL. Phosphate sorption characteristics of some bench-mark soils of West Africa. Soil 409 
Science. 1977; 124(6): 370-375. 410 

57. Chen J, Barber SA. Effect of liming on predicted phosphorus uptake by maize on acidic soil of 411 
three soil order. Soil Science. 1990; 150(6): 844-847. 412 

58. Mozaffari M, Sims JT. Phosphorus availability and sorption in an Atlantic coastal plain watershed 413 
dominated by animal-based agriculture. Journal of Soil Science. 1994; 157(2): 97-101. 414 

59. Griffin GF, Hanna WJ. Phosphorus fixation and profitable fertilization. I: Fixation in New Jersey. 415 
Soil Science. 1967; 103(3): 202-207. 416 

60. Izac AN. Ecological economics of investing in natural resource, capital in Africa. In: Replenishing 417 
soil fertility in Africa (Edited by Roland, R, J.; Sanchez, P.A. and Calhoun, F.J. Madison, 418 
Wisconsin, USA. 1997; 237-251. 419 

UNDER PEER REVIEW



9 
 

61. Buresh RJ, Smithson PC, Hellums DT. Building of soil phosphorus capital in Subsaharan Africa. 420 
In: Replenishing soil fertility in Africa. (Edited by Roland, R.J., Sanchez, P.A. and Calhoun, F.J. 421 
Madison, Wisconsin, USA. 1997; 111-141. 422 

  423 

UNDER PEER REVIEW




