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Abstract 

The experiment was conducted at Experimental sites of Tanzania Agricultural Research Institute (TARI) – Ukiriguru, 
Mwanza, Tanzania. The objective was to improve performance of upland rice through enhanced soil fertility and water 
conservation methods. A split–split plot experiment in a randomized complete block design with three replications and 
three factors that were (a) upland rice cultivars (WAB 450, NERICA1 and NERICA4) (b) fertilizer types, (Urea 80Kg N/ha, 
farm yard manure 5 t/ha and control) (c) three water conservation methods (flat cultivation, open ridge and tie ridge 
were applied). Rice was sown in seven rows at 30 cm inter–and intra–row spacing. Data on soil, weather, crop growth, 
yield components and grain yield were collected. Rainfall was 651.2 mm during the cropping season which was poorly 
distributed. Average temperature was 24oC with mean relative humidity of 75%. Soil analysis results showed that total 
nitrogen was 0.08 %, phosphorus 2.09mgP/Kg and organic carbon 0.58%. The soil calcium was 3.38 cmolc/Kg and 
potassium was 0.36cmolc/Kg, while zinc was 0.39 mg/Kg. Cultivars had significant effect on yields which were 2856, 
2507 and 2140 Kg/ha for WAB 450, NERICA4 and NERICA1 respectively. Fertilizer types also significantly affected grain 
yield in the order of urea (3368 Kg/ha) > FYM (2723 Kg/ha) and > control (1421 Kg/ha). Moisture conservation methods 
significantly affected yield in this order: tie ridges (2710 Kg/ha) > open ridge (2398 Kg/ha) > flat cultivation (2394 
Kg/ha). Overall, the study results indicated low fertility status in the soil, although it was found to be suitable for upland 
rice production with further improvement. It is concluded that rice cultivar, WAB 450 had the highest yield potential, 
while application of Urea at 80 Kg N/ha gave high grain yield, while tie ridges were the best in soil moisture conservation. 
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1. Introduction

Upland rice is produced under aerobic conditions without irrigation or paddling. It is grown in from low–lying valley 
bottom to steep sloping land with high runoff, where land preparation and sowing is done under dry conditions through 
direct sowing. This rice is also grown alone or as mixture with other food crops normally without any fertilizer use (FAO, 
2009; IRRI, 2009). Upland rice can be grown on wide range of soils varying from moderately–drained to well–drained 
soils such as sandy loam to sandy clay, respectively with soil pH of between 4.7 and 6.8.  

Major difference between upland rice and low land rice is that upland rice in one hand is grown on un-flooded land for 
a long time during the growing period whereby, rice plant has to regulate to dry aerobic soil conditions. Lowland rainfed 
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rice in another hand grows under flooded land under anaerobic condition and normally in water saturated soils (Gupta 
and Toole, 1986). 

The upland rice production systems constrained by unreliable and poor rainfall distribution, low soil fertility, soil 
erosion weed competition, insect pests and diseases (Wade et al., 1999). In the Lake Zone areas of Tanzania, particularly 
in Shinyanga and Mwanza regions, unreliable and unevenly distribution rainfall and low soil fertility are regarded as the 
most important production constraints leading to low yields (< 0.5 t/ha) (Meertens, 2003; Kajiru, 2006; MAFSC, 2009).  

Rain water management is one of the most useful measures on soil conservation (Hatibu, 2000). The tie ridging system 
is used to capture rainwater in the relatively drier areas, which are flat to gently sloping. Results from tie ridges research 
conducted on upland alfisols shows lower runoff collection of 0 – 15% of the seasonal rainfall, while 20 – 45% of the 
seasonal rainfall was collected on open ridges (Meertens, 2003).  

Many studies have been done on lowland rainfed rice relating to use of fertilizers (organic or inorganic) and water 
management techniques. However, little is documented on response of upland rice varieties to moisture conservation 
methods, organic and inorganic fertilizer uses in Lake zone and Tanzania at large. Therefore, the objective of this study 
was to (1) evaluate the fertility status of the soil for upland rice production (2) determine the effect of nitrogen from 
organic and inorganic sources on various upland rice varieties in terms of yield and yield components and (3) assess the 
performance of upland rice cultivars grown under different water conservation methods in terms of growth 
characteristics and grain yield. 

2. Materials and methods 

2.1. General Description of Study Area 

This study was conducted at Tanzania Agricultural Research Institute (TARI), Ukiriguru Center Experimental fields 
(Machafu block) in Misungwi district, Mwanza region, Tanzania. The Experimental field lies between latitude 2042ʹS and 
longitude 330.1ʹE at an elevation of 1236 m above sea level. The area experiences short and long rainfall whereby short 
rains start during the second week of October to the end of December while long rains start during the second week of 
March to the end of May. It receives a mean annual rainfall ranging between 800 and 1200 mm and temperatures 
between 18 and 31.5oC. 

TARI–Ukiriguru lies within dry savannas’ area and its soils range from granitic hillsands to heavy clays in the valley 
bottoms. Cropping history of the site shows that the land previously used for growing different upland rice varieties 
during the 2009/2010 and 2010/2011 cropping seasons.  

2.2. Experimental Materials 

Planting materials used during the experiment were upland rice varieties: WAB 450, NERICA 1 and NERICA 4. The WAB 
450 variety was collected from Tanzania Agricultural Research Institute (KATRIN), Ifakara, Morogoro. NERICA 1 and 
NERICA 4 were sourced from the Department of Crop Science and Production at Sokoine University of Agriculture (SUA) 
in Morogoro. These rice varieties are short duration which were found to adapt well in Lake Zone environmental 
conditions. In addition, cattle manure (FYM) was collected from farmers’ boma’s at TARI–Ukiriguru. 

2.3. Soil and manure sampling and analysis 

Soil sampling was done as recommended by Okelebo et al. (1993) at a depth of 0–30 cm and one composite soil was 
collected, prepared and analyzed at the laboratory of Soil Science Department Sokoine University of Agriculture. They 
were analyzed for soil pH, particle size distribution, organic carbon, cation exchange capacity (CEC), total N, available P, 
exchangeable bases namely K, Ca, Na, and Mg and Micro nutrients (Cu, Zn, and Mn).  

The soil pH was determined electrometrically in 1:2.5 soil–water suspension as described by McLean (1982). The 
available P was analyzed using Bray –1 method (Oisen and Sommers, 1982). Organic carbon was established by wet 
digestion method of Walkley and Black (Nelson and Sommers, 1982). The total N was determined by the micro–Kjeldahl 
digestion–distillation method (Bremner and Mulvaney, 1982). The CEC was determined by the buffered ammonium 
acetate saturation method (Chapman, 1965). The quantity of exchangeable bases K+ and Na+ were determined by Flame 
photometer while Ca2+ and Mg2+ by atomic absorption spectrophotometer (AAS) as described by Thomas (1982). 
Available Cu, Zn, Fe, and Mn measured by AAS (Baker and Amacher, 1982). Particle size distribution was determined by 
the hydrometer method (Juo, 1979). However, bulk density was determined at TARI–Ukiruguru Laboratory using core 
method as described by Okelebo et al. (1993). Similarly, the collected farm yard manure was dried at 70oC to constant 
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weight, grounded to 0.5 mm sieve and analyzed for pH in water at manure solution of 1:2.5, total nitrogen (Bremner and 
Malvaney, 1982), P, K and total carbon (Andeson and Ingram, 1993). 

2.4. Experimental design 

A split–split plot experiment in a randomized complete block design (RCBD) as described by Kuelh (2000) was applied. 
The main plot area was 85.05 m2, sub–plot had 28.35 m2 and sub–subplots had 9.45 m2. Main treatments (factor A) 
included three upland rice varieties that included (i) NERICA 1 (ii) NERICA 4 and (iii) WAB 450. Seeding was done by 
the dibbling method whereby 5 – 8 seeds per hill were sown as describe by Kanyeka et al. (2007). The sub treatments 
(factor B) were different fertilizer types (i) Farm yard manure (FYM) at the rate of 5 t/ ha, (ii) urea 46% N at a rate of 80 
Kg N/ha and (iii) control (without fertilizer). Farm yard manure was applied by broadcasting and incorporated in the 
soil before sowing, while urea was applied as top dressing in two splits; first at tillering initiation (30 days after planting) 
and second application was done at panicle initiation (65 days after planting) as describe by Kanyeka et al. (2007). 
Thinning was done to two plants per hill at 14 days after planting. In addition, weeding was done four times (at 21, 35, 
54 and 70 DAP).  

2.5. Weather data collection 

Precipitation (mm), minimum and maximum temperature (oC) and percentage relative humidity (RH%) were recorded 
from the Tanzania Meteorology Agency (TMA) station situated at TARI – Ukiriguru on daily basis.  

2.6. Crop data collection  

Crop data were collected along three growth stages: vegetative, reproduction and ripening phases. These included days 
to 50 % emergence, plant population at thinning, days to first tiller, number of leaves, total number of tillers, days to 
50% flowering, panicle size, days to50% maturity  grain weight and yield per plot were collected as described by Gomez 
(1972).  

2.7. Statistical Analysis  

Data collected were subjected to analysis of variance (ANOVA) to assess treatment effects (both main and interaction 
effects). The mean separation test was done using Student Newmans Kuels (S–N–K) at P≤ 0.05. All computations were 
done using the Genstat statistical software version 14. Simple correlations were calculated and analyzed at P ≤ 0.05 
where the numbers of observations were 81 while the degrees of freedom used were n–2 (Gomez and Gomez, 1984). 

3. Results and discussion 

3.1. Physical and chemical soil characteristics 

Table 2 indicates physical and chemical characteristics of soils in the study site.  according to Gerakis and Baer (1999), 
this soil can be classified as Sand Clay Loam. On average this soil had low bulk density of 0.934g/cm3, indicating high soil 
porosity and low soil compaction (USDA, 2008).  

The soil pH was found to be 6.07 which lies within optimum soil pH for upland rice of between 4.7 – 7.0 (Somado et al., 
2008). The percentage of total nitrogen recorded was 0.08% which is very low according to Landon (1991). Nwilene et 
al. (2008) showed that total N < 1.0 g/kg rated as low. Low amount of total nitrogen reported in this study may be 
associated with continuous cultivation without addition of any soil amendments such as FYM, green manures, crop 
residues, etc. The available phosphorus in the soils at the site was 2.09 mg/Kg which  is rated as low (Landon, 1991). 
Normally, low P range between 3 and 6 mg/Kg (Wopereis et al., 2009). Although rice is a low P demanding crop, current 
results indicate that soils used would not satisfy the phosphate requirement for the crop. The exchangeable K in the soil 
was found to be 0.36 cmolc (+) Kg–1 of soil, which is rated as medium (Landon, 1991). Thus, the soil K value of 0.36 cmolc 
+) Kg–1 soil at this study was above the minimum levels of between 0.07 and 0.2 cmolc K Kg–1 soil. This result agree with 
that reported by Kanyeka et al. (2007). 

The organic carbon content in the soil was 0.58 %, The value rated as being very low Landon (1991) for rice production 
as is less than 2%. Normally, total N is rated low when is < 1.0g /Kg, medium when is between 1.0 and 2.0g /Kg and high 
when is >2.0g Kg (Nwilene et al., 2008). The cation exchange capacity (CEC) was low (9.6 cmlc (+) Kg–1 ), low to medium 
CEC could be attributed to the low organic matter content in the soils. Since the CEC value was low, the results also show 
low nutrients content and low capacity of soils to hold moisture, which are important for upland rice production. This is 
because CEC is a reservoir of plant nutrients (Koelling, 1995). Soil calcium content at the experimental site was 3.38 
cmolc (+) Kg-1, rated as high (above 2 cmolc (+) Kg–1. Deficient of Ca results in chlorotic – necrotic and impaired root 
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function that predispose the rice plant to Fe toxicity. The exchangeable Mg in the soil was 0.85 cmolc (+) Kg–1. The value 
rated as high (> 0.5 cmolc (+) Kg–1 soil), according to Landon (1991). Following the result the soil in the study area had 
enough amount of exchangeable Mg for rice production. Magnesium activates several enzymes. It is a constituent of 
chlorophyll and thus is involved in Co2 assimilation and protein synthesis, it also activator of several enzymes and is a 
constituent of chlorophyll. Magnesium also regulate cellular pH and cation – anion balance, Mg is translocated easily 
from old leaves to young leaves (WARDA, 2007). The exchangeable Na in the soils was 0.4 cmolc Na Kg–1 soil, this value 
was rated as low (Landon, 1991). Based on the results the level of sodium in the experimental area is not sufficient for 
the production of rice, therefore amendments of the soil are suggested. 

The available Zn in the soil was 0.39 mg/Kg (Table 2) which is rated as low, Landon (1991). Zinc rated as low when it is 
0.5 to 1.0 (De Datta, 1989). Similar values were reported for upland crops by Gupta and Toole (1986). The availability of 
both resident soil zinc and applied zinc is much higher in upland soils than in submerged soils. Soil submergence causes 
a substantial decrease in the zinc concentration in the soil solution; however, some rice varieties differ in their ability to 
grow on zinc–deficient soils (Gupta and Toole, 1986). 

Table 1 Some of the physical and chemical properties of the soils at 0 – 30 cm depth in the study area (Machafu block - 
Ukiriguru Experimental site)  

Soil characteristic           Method Value Remarks 

Physical characteristics 

Soil particle analysis  Hydrometer     

Sand   71% Textural class 

Silt   6% Sand clay loam 

Clay   23%   

Bulk density  Core Method 0.938g/cm3 Low 

Chemical characteristics       

Soil pH  Electrometrical in 1:2:5  soil H2o 6.07 (H2O) Medium 

Total Nitrogen  Micro  Kjeldhl 0.08% Very Low 

Available Phosphate  Bray 1 2.09 mgP /Kg Low 

Potassium (K+)  Flame photometer 0.36 cmol(+) /Kg Medium 

Organic carbon   Walkley and Black 0.58% Very low 

CEC  Buffer ammonium acetate 9.6 cmol(+) Kg Low 

Calcium (Ca 2+) AAS 3.38 cmol(+)/Kg High 

Magnesium (Mg 2+)      ASS 0.85 cmol(+) /Kg High 

Sodium (Na+)  Flame photometer 0.14 cmol(+) /Kg Low 

Copper (Cu2+)  DTPA extract measured by ASS 0.35 mg/ Kg Low 

Zinc (Zn2+)  DTPA extract measured by ASS 0.39 mg/ Kg Low 

Manganese (Mn2+)    DTPA extract measured by ASS 56.34 mg/ Kg Very high 

ASS: atomic absorption spectrophotometer;  the remarks are according to Landon, (1991) 

3.2. Chemical properties of the FYM 

Some of the chemical properties of FYM used in this study are presented in Appendix 3. The results showed nitrogen 
content of 0.95% and organic carbon of 6.89% which were low according to Locomte (1980). The low values of these 
nutrients could be attributed to the types of feeds given to the animals, digestion efficiency of the animals and FYM 
handling. Available phosphorus was high as its value was 1.48 mg/P Kg–1, while potassium was 1.38 cmolc (+)/Kg–1 was 
also high. With respect of Zn, and Mg the values were found to be 165.5 and 0.75 cmolc (+) Kg–1. These values of Zn an Mg 
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were high according to Weller and Willetts (1977). This could probably be associated with the types of feed supplements 
given to the animals. The pH 8.4 of FYM was within the range from 6.5 to 8.5 accepted as reported by Locomte (1980). 

3.3. Weather Data Analysis 

Primary weather data on rainfall, temperature and relative humidity were collected, the rainfall amount during the 
growing seasons  indicated in figure 1. Total monthly rainfall amount was 125 and 173.3 mm during the month of 
November and December, respectively. The rainfall distribution had good impact in crop growth and establishment on 
all treatments. However, the situation was worse in January  when total monthly rainfall received was 11.4 mm. Upland 
rice grows and develops well to give the optimal yield when 1000mm well distributed rainfall is obtained during the 
growing season (Somado et al., 2008). During the growing season, amount of rainfall received and its distribution were 
not adequate in some of the months (Fig. 1) as some week had 0 or less than 5.0 mm especially during the months of 
January, February and March.  

The atmospheric temperature has considerable effect on growth and development of rice. The recorded mean maximum 
temperature during growing season was 29.3 while the mean minimum temperature during the period was 18.6oC, 
respectively. This recorded temperature was optimum for rice growth and development (Yoshida, 1976). According to 
the author for higher rice grain yield, a day temperature of 25 to 32oC and night temperature range from 15 to 20oC are 
preferred.  

Relative humidity (RH) at experimental site ranged from 60.8 to 89.4% in December to March  as shown in (Table 3, Fig 
1). The recorded RH was 89.4 in December was received at the time of planting and 67.4% in month of May  at the time 
of harvest. The mean RH during the growing season was 75%. According to Oikech et al. (2008) optimum RH range from 
60 to 70% are beneficial for crop development. The observed RH was above the preferred value required for rice 
production. 

3.3.1. Weather data for 2011/2012 growing season at Ukiriguru 

 

Figure 1 Weather condition during cropping season.  

3.4. Upland Rice Growth Pattern of Selected Cultivars 

The crop growth patterns observed during the cropping season are as shown in Table 4. Days from sowing to 50% 
emergence ranged between 6 and 7 Days after planting (DAP). First tillering among the cultivars used was between 30 
and 35 DAP, while days to 50% heading ranged between 75 – 83 DAP. Finally DAP to 50% physiological maturity was 
between 110 – 119 with a range of 9 days between cultivars. 

Cultivar WAB 450 was the earliest to flower taking 79 DAP while cultivar NERICA 1 was the latest taking 86 DAP. The 
same pattern was observed for number of days taken to mature. Although radiation data could not be collected as stated 
in subsection 3.4.1, the characteristics may have been influenced by both the cultivars genetic characteristics expression 
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and environmental condition. According to Atera et al. (2011) day to maturity for NERICA 1 and NERICA 4 in Kenya were 
reported to be 102 and 105 DAP respectively. The NERICA varieties in Kenya were planted in western Kenya at 0o 29′N 
latitude and 34o.07′E longitude, at 1189m above sea level.  The area experience annual rainfall ranging from 653.5 to 
848mm, while it has been reported by the Ministry of Agriculture and Cooperatives Zambia (MACZ) (2010) that days to 
maturity for NERICA 1 ranged between 105 and 115 while NERICA 4 was 110 – 120 DAP, under low lying area at 1700m 
above sea level, the area received annual rainfall ranging from 450 to 500mm under crop rotation cultural.  

Table 2 Crop growth pattern as affected by cultivars used 

Growth stages NERICA 1 NERICA 4 WAB 450 Range Average 

Days at planting 0 0 0 0 0 

Days to 50 % Emergence 7 7 6 1 6 

To first tiller initiation 35 33 30 5 32 

Days to 50 % heading 83 77 75 8 78 

Days to 50 % flowering 86 81 79 7 82 

Days to 50 %  Physiological 
maturity 

119 114 110 9 114 

Inferential statistical analysis not done for these data 

3.5. Effect of treatments on growth parameters and grain yield 

The results in this study showed that among three cultivars used, cultivar WAB 450 had significant effect (P≤ 0.05) in 
plant height in this order WAB 450, 73.04cm, NERICA 4, 64.48 and NERICA 1, 64.18cm (Table 5). Furthermore, there 
was no significant effect in leaf area index among cultivars. However, differences among the cultivars existed The 
different in plant height could be attributed to genotypic differences. 

The effect of different fertilizer types on plant height and Leaf Area Index indicate that, application of urea  resulted into  
highest plant height  and Leaf Area Index , while the shortest plant height and Leaf Area Index observed from control, 
this have been associated with the fact that nitrogen from inorganic sources have ammonium and nitrate which was 
available to plant use instantly after being applied compared to FYM which had to be decomposed and converted to 
ammonium and nitrate before being used by plant, this was also reported by Mattson et al. (2009). 

The use of different water conservation methods indicated that there was no significant effect at P≤0.05 on Leaf Area 
Index.  The effects on plant height were significant (P ≤ 0.05) among the conservation methods. Tie ridges had the highest 
plant height compare to other treatments (Table.5). These differences in plant height could attributed to the ability of 
tie ridges in conserving moisture which was utilized by plants in drought condition. The present results are also 
supported by Allahyar (2011) who reported that moisture and nitrogen fertilizer had significant influences on plant 
height, total dry matter, a number of tillers, days to flowering and days to physiological maturity.  

Total dry matter was significantly affected at (P≤ 0.05) by the cultivars used in this study as indicated in Table 5. The 
effect of cultivars on harvest index indicated that cultivar WAB 450 had the highest harvest index of 0.58, compare to 
NERICA 4 with 0.57and NERICA1,  0.54 however, statistically there is not significantly different. 

This results could have been attributed to cultivar growth characteristic as results of cultivars genotypic difference. 

The application of urea at 80 Kg N/ha had significant effect (P≤ 0.05) on TDM with the value of 569.30 g/m2, while as 
expected the lowest amount was found in the control plots that was 349.25 g/m2. The effect of application different 
fertilizer types on harvest index indicated that application of FYM had highest HI value of 0.61, followed by application 
of urea at 80 kgN/ha 0.58 and the lowest value of HI observed in control plots that was 0.50. The effect of the use of 
different water conservation methods on TDM production and HI resulted on significant effect (P≤ 0.05) on total dry 
matter production such that tie ridges had the highest TDM followed by open ridges and lowest was flat cultivation.  

Tie ridges again had significant effect (P≤ 0.05) on harvest index compared to the use of open ridge and flat cultivation. 
These results are supported by Rahma et al. (2002) who reported that plant height, number tiller, number panicle, 
panicle length, number of filled grains per panicle, 1000–grain weight, harvest index (HI), total dry matter (TMD) and 
yield were decreased with increasing moisture deficient. On the other hand, Sarvestani et al. (2008) reported that plant 
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height was significantly affected by water stress at booting, flowering and grain filling.  Information with regards to 
agronomical and socio economic factors influencing upland rice productivity and NERICA adaptation in Tanzania is 
inadequate (Mghase. 2010). This means few research on upland rice particularly on NERICA have been conducted and 
results reported in Tanzania. 

Table 3 Effects of cultivar, fertilizer and water conservation method on rice growth characteristics 

Treatment effect LAI PH(cm) TDM(g/m2) HI(115 DAP) 

Varieties (A)     

NERICA 1 1.31a* 64.18a 457.42a 0.54a 

NERICA 4 1.48a 64.48a 437.41a 0.57b 

WAB 450 145.a 73.04b 488. 42b 0.58b 

Mean 1.41 67.23 436.6 0.56 

SE± 0.35 0.46 15.32 0.02 

CV (%) 24.6 1.0 3.5 4.1 

Fertilizer (B)     

Control 0.70b 65.82 a 349.25a 0.50a 

Urea 1.93c 68.27 c 569.30c 0.58b 

FYM 1.59a 67.62 b 464.70b 0.61c 

Mean 1.41 67.23 436.6 0.56 

SE± 0.09 0.45 18.32 0.03 

CV(%) 6.5 0.7 4.2 4.8 

W CM     

Flat 1.46a 66.85a 415.68a 0.54a 

Open ridge 1.28a 66.66a 468.89b 0.5.6c 

Tie ridge 1.49a 68.20b 498.69c 0.60b 

Grand Mean 1.41 67.23 436.6 0.56 

SE± 0.14 0.44 17.84 0.01 

CV (%) 10.1 0.7 4.1 1.7 

*Means in the same column followed by the same letter are not significantly different at P≤ according to Student New Keul test (P ≤ 0.05)Note LAI = 
Leaf area index, PH=Plant height(cm), TDM= Total dry matter(gm–2) and HI= Harvest index 

3.6. Effects of Cultivars, Fertilizer Types and Water Conservation Methods on Rice Yield components and 
Yields 

3.6.1. Number of tillers and number of panicles per plant 

The values recorded in this study on number of tillers (NT) and numbers of panicles (NP) at flowering were the same 
within the treatments applied. Among the rice cultivars used in the study, cultivar WAB 450 had significant (P≤ 0.05) 
effect on number of tillers Table 6. The average highest number of tillers per plant on WAB 450 recorded was 10.37 
while cultivar NERICA1 had the lowest number of tillers 8.56 at flowering. This is in agreement with Fageria et al. (1997) 
who stated that tillering characteristics among other factors is very much influenced by the genetic characteristics of the 
cultivars grown.  

Under application of different fertilizer type, urea (46%) produced the highest number of tillers per plant ; followed by 
FYM and lastly control plots. These results are similar to those by Fairhurst et al. (2007) in which application of N and P 
nutrients resulted into increase in numbers of tillers and panicle, panicle length (cm), number of spikelets and 
consequently increase in grain yield (Kg/ha). Fageria and Baligar (2001) also reported that increase in number of tillers 
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resulted from the increased levels of nitrogen applied. This could be the reason for getting the lowest number of tillers 
in plots where fertilizer was not applied in this study. According to various literatures, including that of Califonia 
Fertilizer Foundation (2011), FYM (cow manure) is reported to supply nutrients around 1.91% and also improves soil 
structure leading to improvement of soil water holding capacity. Therefore, these two factors inorganic and organic 
fertilizers have influence on tillering ability of rice crop. 

The use of tie ridges resulted into the highest number of tillers per plant followed by flat cultivation with and lastly open 
ridges(Table.6). The highest number of tillers under tie ridging may have influenced by moisture conserved by the ties. 
Similar trend of results was observed from the numbers of panicle per plant and panicle length (cm). The influence of 
soil moisture management also resulted into similar results on number of tillers and panicle as each developed tiller 
produced a panicle.  

3.6.2. Panicle length (cm) 

The effect of treatments on panicle length showed that cultivar WAB 450 had significant effect at (P≤ 0.05) on panicle 
length (cm), had the longest panicle length with 19.29 cm, while cultivar NERICA 4 had the shortest panicle length with 
17.79 cm. This could have been influenced by both environmental factors and genetic characteristic of the cultivar. On 
the other hand, application of urea as fertilizer resulted into longest panicles with 19.73 cm while control had the 
shortest panicles of 17.54 cm, and FYM had average panicle length of 18.24 cm (Table 6). 

Table 4 Effects of cultivar, fertilizer and water conservation methods on grain, yield components and yield 

Treatment effect NT 

Plant–1 

NP 

Plant–1 

PL(cm) NS 

Panicles–1 

UG (%) GY 

(gm–2) 

GY 

Kgha–1 

Variety        

NERICA 1 8.56a* 8.56a 18.24a 25.75b 21.70c 0.2140a 2140a 

NERICA 4 8.88b 8.88b 17.97a 25.23a 18.26a 0.2506b 2507b 

WAB 450 10.37c 10.37c 19.29b 35.66c 19.15b 0.2855c 2856c 

Mean 9.27 9.27 18.50 28.88 19.70 0.2500 2500 

SE± 0.33 0.33 0.55 0.61 3.26 0.01 58.3 

CV (%) 3.5 3.5 2.9 2.1 16.5 2.3 2.3 

Fertilizer        

Control 7.89a 7.89a 17.54a 26.92a. 24.33c 0.1411a 1412a 

Urea 10.68c 10.68c 19.73b 31.89b 16.37a 0.3367c 3368c 

FYM 9.25b 9.25b 18.24a 27.84a 18.41b 0.2722b 2723b 

Mean 9.27 9.27 18.50 28.88 19.70 0.2500 2500 

SE± 0.08 0.08 0.45 0.29 2.75 0.01 62.8 

CV (%) 0.9 0.9 2.4 1.0 14.0 2.5 2.5 

WCM        

Flat cultivation 8.97b 8.97b 18.22b 28.03a 22.30b 0.2394a 2394a 

Open ridge 8.50a 8.50a 17.96a 27.47a 22.52b 0.2397a 2398a 

Tie ridge 10.34c 10.34c 19.33c 31.15b 14.30a 0.2710b 2710b 

G/mean 9.27 9.27 18.50 28.88 19.70 0.2500 2500 

SE± 0.23 0.23 0.18 0.39 1.97 0.004 42.3 

CV(%) 2.5 2.5 1.0 1.4 10.0 1.7 1.7 

*Means in the same column followed by the same letter are not significantly different according to Student New Keul test (P≤ 0.05)Note: NT=Number 
of tillers, NP= Number of panicle plant–1, PL=panicle length, NS =number of spikelets–1, UG= unfilled grain(%), GY= grain yield Kgha–1, WCM = water 

conservation method, FYM= farm yard manure. 
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The use of different moisture conservation methods indicated that the use of tie ridges gave the longest panicle length 
(19.33 cm) followed by flat cultivation (18.22 cm) and lastly open ridges (17. 96 cm). These results might have been 
influenced by the ability of tie ridges to conserve moisture which was made available for plant use. Sikuku et al. (2010) 
reported increases in panicle length with increase of soil moisture availability, the condition that may have influenced 
the results reported in this study. Also it has been reported by Belesa at-al ( 2022), That  low quantities of rainfall in dry 
land areas make cropping to be possible only with the use of special techniques of soil and water conservation and in 
this situation tied ridge is a good structure to be used. 

3.6.3. Number of spikelet and unfilled grains (%) 

The effect of treatment on number of spikelet showed that WAB 450 had significant effect (P ≤ 0.05) on spikelets with 
mean of 35.66 spikelets per panicle. NERICA 4 had the lowest number of spikelets, averaging 25.23 per panicle, while 
NERICA 1 was in the middle with average spikelets number of 25.75. On the other hand NERICA 4 had significant effect 
(P ≤ 0.05) on percentage unfilled grains with (18.26 %) followed by WAB 450 (19.15), while NERICA 1 had the highest 
(21.70%) unfilled grains. These results could have been influenced by both environmental and genetically 
characteristics of cultivars as stated in sub sections 4.4.1 and 4.4.2, such that some cultivars have high nutrient use 
efficiency due to nature of their roots system, some have long or many roots. However, some cultivars have either many 
or few numbers of tillers these factors may contribute in nutrients, water and light competition which may have an 
impact on grain filling and yield.  

On the other hand the application of urea had highest number of spikelets per panicle while control plots had the lowest 
spikelets per panicle. These results may have been influenced by the application of inorganic fertilizer as described by 
Mattson et al. (2009) reported on the presence of ammonium and nitrate in inorganic fertilizer which can be available 
for plant use immediately after being applied compare to FYM which needs to decompose before be available for plant 
uptake. Chaturvedi (2005) reported on increase of yield components in rice with the use of urea.  

The use of tie ridges as water conservation measure had promising results on high number of spikelets per panicle 
compared to open ridge and flat cultivation.  

These results could have been associated with low ability of open ridges and flat cultivation to retain or conserve water 
in the soil, while the capacity of tie ridges to hold water and let it infiltrate hence increasing soil moisture availability. 
Mutune et al, (2011) also reported on the efficiency of tie–ridges in conserving soil water and raising the level of rice  
production. Furthermore, NERICA1 had the highest (%) of unfilled grain followed by WAB 450 while NERICA 4 had the 
lowest %. These results could have been contributed by environmental and genetic characteristic of the cultivars. With 
regard to fertilizer application urea had the lowest percentage unfilled grains followed by FYM and control. These results 
also supported by Califonia Fertilizer Foundation (2011) reported that cow manure is reported to supply nutrients 
around 1.91% and also improves soil structure leading to improvement of soil water holding capacity. Therefore, these 
two fertilizers; inorganic and organic have influence on grain filling of rice crop. 

With regard to different water conservation methods, tie ridges had lowest percentage unfilled grains followed by flat 
cultivation and open ridges. These results contributed by the moisture stress which had impact on plant chemical and 
physiological processes, like photosynthesis, transpiration and nutrient uptake which are important in sink production 
and partition in the plant. The importance of tie ridges was described in sub section 4.4.2.   

3.6.4. Rice grain yield 

Rice cultivars differed significantly in grain yield. Cultivar WAB 450 giving the highest grain yield of 2856 Kg/ha followed 
by NERICA 4 which had 2507 Kg/ha and lastly NERICA 1 with 2140 Kg/ha (Table 6). The present results could have been 
influenced by cultivar genetic characteristics since WAB 450 had the highest number of tillers, panicles per plant, 
spikeletes per panicle and panicle length (cm). These yield components had high significant (P ≤ 0.05) correlation with 
r = 0.823 to grain yield (Appendix 4). Other two rice cultivars, i.e. NERICA 1 and NERICA 4 had the lowest values in the 
number and size of the yield components. Fageria et al. (2011) found that yield components, like number of panicle, 
numbers of tiller, number of spikelets and panicle length (cm) were significantly and positively associated with grain 
yield in upland rice.  

Application of urea gave significantly different on grain yield of 3368 Kg/ha, followed by FYM (2723 Kg/ha) and lastly 
the control (1412 Kg/ha). The significant effect of urea application could be associated with the ability of ammonium to 
be readily available immediately after application. Elsewhere, Saidu et al. (2012) reported that nitrogenous fertilizers in 
the form of ammonium are known to have the peculiarity of fast release of their nutrient contents compared to FYM 
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which release nutrients gradually as they need to be converted to ammonium before being released for plant. Similar 
results were reported by Fageria et al. (2011) in which use of urea resulted into the highest grain yield of 4490 Kg/ha.  

The use of tie ridges resulted into highest grain yield. The grain yields were in the following order 2710> 2398 > 2394 
Kg/ha for the tie ridges, open ridges and flat cultivation, respectively. According to these results (Table 6) the use of tie 
– ridges, application of urea and sowing cultivar WAB 450 gave high grain yield as to compare with other treatments 
such that use open or flat cultivation, FYM or control and use of Cultivars NERICA 1 or NERICA 1 The results indicated 
the ability of tie ridges in water conservation when combine with urea and WAB 450 cultivar in grain yield. This is 
supported by observed greater number of tillers per hill, number of panicle per plant, panicle length and number of 
spikelets per panicle in the tie–ridge, urea and WAB 450 plots compare to flat and NERICA 4 or NERICA 1 and FYM or 
without fertilizer (control). Also by compared with open ridges practices and NERICA 4 or NERICA 1 and plus FYM or 
control respectively.  

The increase of number and size of yield components is attributed to grain yield as they have significant correlation ( r 
= 0.823 for the number of tiller, r = 0.535  for the number of spikelets and r = 0.8238 for number of panicle in grain yield) 
(Appendix 4). The results are supported by Mutune et al. (2011) who revealed that tie–ridges were found as the most 
effective method in conserving soil water and raising the level of production for mainly field crop in most part of Sub–
Sahara areas. The efficiency of ties was also reported by Odunze et al. (2010) who found that significantly rice grain yield 
was obtained under contoured + cross banded ridges (1.68 t/ ha) where contoured ridge produced 1.64 t/ha and flat 
planting 1.36 t/ha. The results suggested that contoured + cross banded ridges would result in 50% higher grain yield 
up – down in slope ridging whereas contoured ridging alone had 46% more grain yield than up–down slope ridging. 
Result can also supported by   Ndung’u  et al.(2023) reported,  Tied ridging and organic applications led to soil moisture 
conservation during critical maize tasselling and silking stages in both seasons. 

3.7. Interaction Effects of Varieties, Fertilizer Types and Moisture Conservation Methods  

3.7.1. Number of tillers and panicle length 

The effect of interaction of treatments such that three cultivars of upland rice, three fertilizer types and three water 
conservation methods indicated the significant effect (P ≤ 0.05) in number of tillers per plant in plots where cultivar 
WAB 450 interacted with urea at 80 Kg N ha-1 and tie – ridges, had average of (14.00) tillers, followed by interaction of 
NERICA 4 each had (11.70) tillers when interacted with urea and tie – ridges. The lowest number of tillers per plant was 
(6.73) observed in plots where NERICA 1 interacted with no fertilizers (control plot) and flat cultivation. On the other 
hand the interaction of WAB 450, urea at 80 Kg N ha-1 and tie – ridges had significant effect (P ≤ 0.05) in panicle length 
(21.53 cm) followed by interaction of NERICA 4, urea at 80 Kg ha-1 and tie – ridges (20.30) while the shortest length of 
panicle observed in interaction between NERICA 1, FYM and flat cultivation (17.03). These results could have been 
associated with cultivar genetic characteristics; ability of ammonium to be readily available immediately after 
application as supported by Saidu et al. (2012) reported that nitrogenous fertilizers in the form of ammonium are known 
to have the peculiarity of fast release of their nutrient contents compared to FYM which release nutrients slowly. Also 
results showed the ability of tie – ridges to conserve moisture this is supported by observed greater number of tillers 
and longest length of panicles per plant, increase number of spikeletes per panicle and high grain yield in the tie – ridge 
plots. 

3.7.2. Number of spikeletes and grain yield 

The effects of interaction of three factors used in this study in number of spikeletes and grain yield showed the significant 
effect (P ≤ 0.05) in number of spikeletes (42.57) where cultivar WAB 450, urea at 80 Kg ha -1, and tie – ridge interacted, 
followed with interaction of WAB 450, urea and open ridge (37.50), while the lowest number of spikeletes (19.27) found 
in plots where NERICA 1 interacted with flat cultivation and no fertilizer (control) the reason contributed for these 
results were discussed in sub section 4.5.1 in paragraph one 

The effect of interaction in grain yield showed significant effect (P ≤ 0.05) such that (4179 Kg ha-1) when cultivar WAB 
450, urea 80 kg N ha-1 and tie – ridge interacted, followed by interaction of WAB 450, urea 80 Kg N ha-1 and open ridge 
(3767 Kg ha-1) while the lowest amount of grain yield (1072 Kg ha-1 ) was found in the plots where NERICA 1 interacted 
with no fertilizer and flat cultivation, the results might be attributed by genetical characteristic of cultivar WAB 450 to 
adapt environmental condition, application of inorganic fertilizer which has been showed the high ability of immediately 
release nutrient for plant after application, also the ability of tie – ridge to conserve moisture which was utilized by plant 
in drought condition as supported by Allahyar (2011) who reported that moisture and nitrogen fertilizer had significant 
influence on plant height, number of tillers days to flower panicle size, number of spikeletes and grain yield in rice. 
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Table 7 Interaction effect of variety, fertilizers and water conservation methods in yield and yield components 

Treatment No  of 
tillers1 

No of 
panicle 

Panicle 
length(cm 

No-
Spikelet’s 

Total dry 
matter 

% Unfillied 
grain 

Grain 
yield 
kg/Ha 

NERICE1,NF, 
WC1 

6.73a 6.733a 17.911ab 20.97ab 241.3ab 29.00i 1072a 

NERICA1,NF, 
WC2 

6.77a 6.77a 17.67ab 19.27a 316.5abcd 28.33hi 1101a 

NERICA1,NF, 
WC3 

7.37abc 7.37abc 18.03ab 23.20bcd 230.4a 19.67abcdefghi 1221a 

NERICA1,Urea, 
WC1 

9.43def 9.43def 18.10abc 28.47fghi 501.2ghij 23.67defghi 2741e 

NERICA1,Urea, 
WC2 

8.73cde 8.73cde 18.00ab 25.50def 484.7ghi 23.33 def g hi 2718e 

NERICA1,Urea, 
WC3 

11.17gh 11.17gh 19.36abc 30.80gj 519.3ghij 20.33bcdefghi 3006ef 

NERIA1,Fym, 
WC1 

8.933def 8.93def 17.03abc 23.93cde 425.8cdefgh 23.00cdefghi 2257d 

NERICA1,Fym, 
WC2 

8.27bcde 8.27bcde 18.13ab 27.70fg 406.3cdef 23.67defghi 2338d 

NERICA1,Fym, 
WC3 

9.67def 9.67def 18.80abc 30.93gij 422.1cdefg 13.67abc 2809e 

NERICE 4,NF, 
WC1 

6.97a 6.97a 17.33ab 27.73fgh 271.4ab 26.00fghi  1261a 

NERICA.4 ,NF, 
WC2 

7.20ab 7.20ab 17.10a 25.63def 256.0ab 26.00fghi 1265a 

NERICA 4,NF, 
WC3 

8.60cde 8.60cde 18.13abc 27.83fgh 269.3ab 20.33bcdefghi 1415ab 

NERICA4, Urea, 
WC1 

9.47def 9.47def 18.03abc 27.83fgh 553.8ij 17.00abcdef 3237f 

NERICA 4,Urea, 
WC2 

9.57def 9.57def 18.07abc 26.63ef 549.4hij 16.33abcde 3240f 

NERICA4, Urea, 
WC3 

11.70h 11.70h 20.30cd 31.27ij 607.8jk 11.33ab 3687g 

NERICA4 ,Fym, 
WC1 

8.70cde 8.70cde 17.60ab 20.83ab 465.6efghi 19.00abcdefgh 3000ef 

NERICA4, Fym, 
WC2 

8.20bcd 8.20bcd 17.27ab 20.77ab 443.4efghi 17.67abcdef 2704e 

NERICA4, Fym, 
WC3 

9.53def 9.53def 18.13abc 22.53bc 453.8efghi 10.67a 3251f 

WAB 450,NF, 
WC1 

9.03def 9.03def 18.50abc 32.77jk 347.5bcde 25.00efghi 1719bc 

WAB 450, NF, 
WC2 

8.40bcde 8.40bcde 18.07abc 33.23jk 315.6abc 27.67ghi 1680c 

WAB  450, NF, 
WC3, 

9.90ef 9.90ef 18.67abc 35.27kl 355.3bcdef 17.00abcdef 1970c 
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WAB 450,Urea, 
WC1 

11.70h 11.70h 19.50bc 37.50l 635.7k 16.00abcde 3737g 

WAB 450,Urea, 
WC2 

10.33fg 10.33fg 2020cd 35.40kl 594.3jk 18.33abcdefg 3767g 

WAB 450,Urea, 
WC3 

14.00i 14.00i 21.53d 42.57m 660.9k 10.33a 4179h 

WAB 450,Fym, 
WC1 

9.80def 9.80def 18.60abc 34.93kl 466.3efghi 22.00cdefghi 2799e 

WAB 450,Fym, 
WC2 

9.07def 9.07def 18.43abc 33.33jk 472.2fghi 21.33cdefghi 2827e 

WAB 450, Fym 
WC3 

11.10gh 11.10gh 19.27abc 35.53klj 459.0efghi 14.67abcd 3021ef 

Mean 9.272 9.272 18.423 28.98 435.7 19.70 2501 

SE±           0.5622 0.5622 0.4952 1.307 45.28 3.255 126.6 

CV(abc) %    6.1 6.1  4.2 4.5 10.40 16.5 5.1 

*Means in the same column followed by the same letter are not significantly different according to Student New Keul test (P≤ 0.05); Note: 
NT=Number of tillers, NP= Number of panicle plant–1, PL=panicle length, NS =number of spikelets–1, UG= unfilled grain(%), GY= grain yield Kgha–1, 

WCM1 = Flat cultivation,WCM2= Open ridge, WCM3=Tie - ridge FYM= farm yard manure. 

4. Conclusion 

Regarding the soil suitability for the upland rain fed rice production, the soil used was found to be moderately suitable 
for upland rice production due to its soil texture of sand clay loam and its low bulk density of 0.94 g/cm–3 which plays 
essential role in increasing the capacity of the soil to hold water for plant use. The soil chemical characteristics of the site 
was low in total nitrogen (0.08 %), organic carbon (0.58%) and available phosphorous (2.08 mgp/Kg) and cation 
exchange capacity (9.6 cmol(+)/Kg were found to be low. The soil pH is in the range of 6–8 which is suitable for upland 
rice production. 

Results observed from application of different types of fertilizers showed that the application of urea in a rate of  80 
KgN/ ha had an increase in number of tiller per plant, panicle per plant, panicle length and number of spikelets which 
contributed on higher grain yield of 3.4 t/ha in comparison to application of farm yard manure at a rate of 5t/ha and 
control that gave 2.7 and 1.4 t/ha respectively. 

Based on the use of different moisture conservation methods on upland rice production particularly in areas with 
unreliable and poor rainfall distribution, the use of tie–ridges resulted on improved crop growth characteristics that 
were plant height (cm), leaf area index, harvest index and total dry matter (gm–2). The increase of number of tiller and 
panicle per plant, panicle length (cm) and number of spikelets per panicle attributed an increase of grain yield in (gm–2) 
compared to those obtained from open ridges and flat cultivation practices. 

Among three upland rice varieties used in this study that were NERICA 1, NERICA 4 and WAB 450, rice variety WAB 450 
out yielded two NERICAs in both yield components and grain yield in Kg ha-1, from applied treatments, that were 
fertilizer types and water conservation methods. This should be based on the interaction results noted in the analysis 
results.  

Based on interaction among treatments the interaction of  WAB 450, tie – ridge and use of urea fertilizer out yielded 
other interaction on number of tillers, plant height, panicle length, number of spikeletes, and grain yield 4179 Kg ha-1.  

Compliance with ethical standards 

Acknowledgments 

The author is grateful for financial support from the Commission of Science and Technology, (COSTECH). Also, the author 
thanks the Center Director, TARI Ukiriguru for providing  a space to conduct experiment.  Author also thanks  Mr. Athman 



World Journal of Advanced Research and Reviews, 2024, 22(01), 812–830 

824 

Khalfan Shemahonge for his support, and all member of family for their moral  support. We are similarly, grateful Dr. 
Habai Rafael Masunga for technical back up. 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References 

[1] Abu1, S.T., Mando, A. Ezui, G. and Constance, D. (2010). Soil moisture stress mitigation for sustainable upland rice 
production in the Northern Guinea Savanna of Nigeria. Journal of Development and Agricultural Economics 2(11): 
382 – 388. 

[2] ACT (2007). Report on Output Market Support. Centre for Sustainable Development Initiatives, Dar es Salaam 
82pp.  

[3] Allahyar, F. (2011). Interactive effects of nitrogen and irrigation methods on growth and yield of rice in Amol area. 
International Journal of Agriculture and Crop Science 3(4): 111–113. 

[4] Amgain, L. P., Devkota1, N. R., Timsina, J. and Singh, B. (2006). Effect of climate change and Co2 concentration on 
growth and yield of Rice and wheat in Punjab: Simulations using csm–ceres–rice and csm–ceres–wheat wodels. 
Journal of Institute of Agriculture and Animal Science 27: 103 – 110. 

[5] Anderson, J. M. and Ingram, J. S. I. (1993). Tropical Soil Biology and Fertility. A hand book of methods. CAB 
International, UK. 221pp. 

[6] Andrews, G. (1998). Gardening and Water Quality Protection: Understand Nitrogen Fertilizer Aregon State 
University of Extension Services, America pp48.  

[7] ARC (2011). Sustainable Intensification and Diversification of Rice–Based Inland Valley Systems in the National 
Rice Basket of Tanzania. Draft concept note Morogoro 9pp. 

[8] ART (2007). Overview of resent development in sub Saharan African Rice sector.  Publisher African Rice 
Centre Cotonou Benin. 9pp. 

[9] Atera, E. A., Onyango, J. C., Azuma1, T., Asanuma, S. and Itoh, K. (2011). Field evaluation of selected NERICA rice 
cultivars in Western Kenya. African Journal of Agricultural Research 6(1): 60 – 66.   

[10] Aucland, J. D. (1971). East African Crops. An introduction to the production of field and plantation crops in 
Tanzania, Kenya and Uganda. Longman Publisher, London. 252pp.  

[11] Baker, D. E. and Amacher, M. C. (1982). Nickel copper and  cadimium. In: Hand book of Methods of Soil Analysis. 
(Edited by Page, A. L., Miller, R. M. and Keeney, D. R.), American Society of Agronomy, Madson, Winscosin. 336pp.  

[12] Bandara, J. P and Fritton, A.G. (1986). Resume the original direction of growth after being deflected by a barrier. 
Plant and Soil  Journal  96: 359 – 368 

[13] .Bekele D and Chemeda M.( 2022). Effect of Mulching and Tied Ridge on Crop Production and Soil Improvement 
in Dry Land Areas. J Ecol & Nat Resour 2022, 6(2): 000275 Pp 5, 

[14] Boling, A., Tuong, T. P. Jatmiko, S. Y. and  Burac, M. A. (2004). Yields constraints of rain fed lowland rice in Central 
Java, Indonesia. Field Crop Research Journal 90: 351 – 360. 

[15] Boumn, B. A. M. and Toung, T. P. (2001). Field water management to save water increase its productivity in 
irrigated lowland rice. Journal of Agriculture Water Management 49(1): 1–30.  

[16] Bremner, J. M. and Mulvaney, C. S. (1982). Total Nitrogen. In: Methods of soil analysis. (Edited by Page, A. L., Miller, 
R. M. and Keeney, D. R.), American Society of Agronomy, Madson, Winscosin. pp.149 – 157.  

[17] Bremner, J. M. (1996). Total Nitrogen. In: Methods of Soil Analysis Chemical Methods. SSSA–ASA Book Series 5.  
Madison, Wisconsin. USA, pp 595–624. 

[18] Califonia Fertilizer Foundation (2011). Natural resource fact sheet. [www.learn.ab outag.org] site visited 
20/9/2012.  

[19] Chapman, H. D. (1965). Cation exchange capacity. In: Method of Soil analysis. (Edited by Black, C. A., Evans, D. D., 
White, J. L., Ensminger, L. E. and Clark, F. E.), ASA. Madison, Winscosin, USA. pp. 891 – 901. 



World Journal of Advanced Research and Reviews, 2024, 22(01), 812–830 

825 

[20] Chaturvedi, I. (2005). Effect of Nitrogen on Growth, Yield and Quality of Hybrid Rice. Jarhabhata,Sindhi,Colny, 
Bilaspur (Chhattisgarh), India. Journal of Central European agriculture 4 : 611–618. 

[21] De Datta, S. K. (1981). Principles and Practices of Rice Production. IRRI. Los Banos, Philippine.  618pp. 

[22] De Datta, S. K. (1989). Diagnosis of nutrients deficiency and toxicity. In: Detecting Mineral Nutrients Deficiencies 
in Tropical Temperate Crops. (Edited by Donald, L. P. and Haward, B. S.), West view Press, Corolado, USA. pp. 41–
51. 

[23] Fageria, N. K., Baligar, V. C. and Jones, C. A. (1997). Growth and Mineral Nutrition of Field Crop .2nd Edition revised 
and expanded, Marcel  Dekker, INC. New York. Basel. Hong Kong. 624pp. 

[24] Fageria, N. K. and Baligar V. C. (2001). Lowland rice response to nitrogen fertilization. Soil Science Plant Analysis 
32: 1405–1429. 

[25] Fageria, N. K. Moreira, A. and Coelho. A. M. (2011). Yield and yield components of upland rice as influenced by 
nitrogen sources. Journal of Plant Nutrition 34: 361–370. 

[26] Fairhurst, T., Will, C., Buresh, R. and Dobermann, A. (Eds.) (2007). A practical Guide to Nutrient Management. 
International Rice Research Institute, Metro Manila, Philippines. 89pp. 

[27] FAO (2002). FAO Statistical data base rice almanac, third edition, Los Bones. [http//www.apps.fao.org/] site 
visited on 2/7/2012. 

[28] FAO (2007). Fertilizer and Plant Nutrition Bulletin No. 16. Rome, Italy. 368pp. 

[29] FAO (2007). Factors affecting wetland rice production and the classification of wetlands for agricultural 
production. [http://www.fao.org/docrep/html] site visited on 12/08/2012. 

[30] FAO (2009). Corporate document repository [http://www.fao.org /docrop/003/X6 611/x6611e03c. htm] site 
visited on 12/08/2012. 

[31] Genetic Resources for Food (2009). Agriculture Report on Plant. Ministry of Agriculture Food Security and 
Cooperatives, Dar es Salaam, Tanzania. 72pp. 

[32] Gerakis, A., and Baer, B. (1999). A computer program for soil textural classification. Soil Science Society of America 
Journal 63: 807 – 808. 

[33] Gomez, K. (1972) Techniques for Field Experiments with Rice. International Rice Research Institute, Los Banos, 
Laguna, Philippines. 48pp. 

[34] Gomez, A. K. and Gomez, A. A. (1984). Statistical Procedure for Agricultural Research. John Wiley and Sons, Inc. 
London. 680pp.  

[35] Gupta, P. C. and O’Toole, J. C. (1986). Upland Rice: A Global Perspective. International Rice Research Institute 
Manila, Philippines. 416pp. 

[36] Hatibu, N. (2000). Introduction. In: Rainwater Harvesting for Natural Resource Management:  A Planning Guide 
for Tanzania. (Editors by Hatibu, N. and Mahoo, H. F.), Technical Handbook No. 22 RELMA, Nairobi, Kenya 165pp. 

[37] Heiligmann, Randall D. (1994). Soil and Christmas Tree Production Soil Moisture. Mich. Christ. Tree Journal. 
40(4):34417 

[38] IRRI (2009). International maize and wheat improvement center.  [riceknowledg 
ebank.http:/www.knowledgebank.irri.org/submergedsoils/rice–growing–env ironment/lesson–4–htm] sited 
visited on 29/11/012. 

[39] Ismaila, U., Gana, A. S., Tswanya, N. M.  and Dogara, D. (2010). Cereals Production in Nigeria: Problems, constraints 
and opportunities betterment. African Journal Agricultural Research 5(12): 1341–1350. 

[40] Junge, B., Abaidoo, R., Chikoye, D. and Stahr, K. (2008). Soil conservation in Nigeria. Past and present on–station 
and on–farm Initiative. [www.swcs.org] site visited on 15/11/2011. 

[41] Juo, A. S. R. (1979). Method of Plant Analysis. Mannual series No. 1. International Institute for Tropical Agriculture, 
Ibadan, Nigeria. 70pp 

[42] Kajiru, G. J. (2006). Soil fertility status and response of rice to nitrogen, phosphorus and farm yard manure under 
rainwater  harvesting system in semi arid areas of Maswa, Tanzania.  A thesis submitted to fulfill the requirements 
of  PhD Degree to the Sokoine University of Agriculture, Morogoro, Tanzania, 206pp. 

http://www.fao.org/docrep/html%5d%20site%20visited%20on%2012/08/2012
http://www.fao.org/docrop/003/X6611/x6611e03c
http://www.swcs.org/


World Journal of Advanced Research and Reviews, 2024, 22(01), 812–830 

826 

[43] Kajiru, G. J. (2010). Effect of ridging on crop production in Shinyanga, Tanzania. In: Proceedings of the Agricultural 
Water Management Interventions Bearing Returns on Investment in Eastern and Southern Africa. (Edited by 
Bancy, M.and  Mati, A.), March 2010 IMAWESA ICRISAT Nairobi, Kenya. pp. 90 – 100 

[44] Kamara, A.Y., Ekeleme, F., Omoigui, L.O. and Chikoye, D. (2011). Influence of nitrogen fertilization on yield and 
yield components of rain–fed lowland NERICA® rice in the northern Guinea savanna of Nigeria. African Journal 
of Agricultural Research 6 (13): 3092– 3097. 

[45] Kanyeka, Z. L., Msomba, S.W., Kihupi, A. N. and Penza M. S. F. (1994). Rice ecosystems in Tanzania: Characterization 
and classification. Research and Training Newsletter 9(1–2): 13 – 15.  

[46] Kanyeka, E., Kamala, R. and Kasuga, R. (2007) Improved Agricultural Technologies in Tanzania. 1st edition. 
Published by the Department of Research and Training, Ministry of Agriculture Food Security and Cooperatives, 
Dar es Salaam, Tanzania. 125 pp. 

[47] Kasembe, J. N. R., Semoka, J. M. and Samki, R.  (1983). Organic farming in Tanzania. In: Proceeding of the workshop 
on resources Efficience farming method of Tanzania 16 May 1983, Morogoro, Tanzania. pp. 36 – 41. 

[48] Kashenge, K. S. (2012). Farm Characteristics and Production Constraints in Selected salt Affected Areas of North 
– Eastern Tanzania. Journal Advanced Developed Research.  3(1): 1 – 14.  

[49] Kibanda, N. J. M. (2008). Rice research and production in Tanzania. In: Paper Presented at the African Japanese 
Plenary Workshop on Sustainable Rice Production Held in Alexandria, Egypt, 23 –25 August 2008. pp. 1 – 5. 

[50] Kimbi, G. G., Semoka, J. M. R. and Joyce, L. M. (2001). Management and Utilization of animal manure as resource 
for crop production in two grazing systems in Tanzania. Tanzania Journal of Population Studies and Development. 
2(4): 17–31. 

[51] Kimbi, G. G. and Semoka, J. M. S. (2004). Effect of storage and grazing system on nutrient content of cattle manure 
in three districts of Tanzania UNSWA. Research Journal 7(1): 24 – 30. 

[52] Koelling, M.R. (1995). Soil and Christmas Tree Production Soil pH. Mich Christ. Tree Journal 41(1): 37, 39-41 

[53] Konings, H. (1995). Gravitropism of roots. An evaluation of progress during the last three decades. Acta Botanica 
Neerlandica. 44: 195 – 223. 

[54] Kothari, C. R. (2011). Research Methodology, Methods and Techniques. (2nd  Ed.),  New Age International Publisher, 
New Delhi , Bangalore India. 482pp 

[55] Kotula, L. and Steudle, E. (2009) Measurements of oxygen permeability coefficients of rice (Oryza sativa L.) roots 
using a new perfusion technique. Journal of Experimental Botany 60: 567 – 580. 

[56] Kuahl, R. O. (2000). Design of Experiments Statistical Principle of Research Design and Analysis. 2nd edition. Book  
Cole, Cengagedleas, Learning. 666pp.  

[57] Landon, J. R. (1991). Booker Tropical Soil Manual, A handbook for soil survey and agricultural land evaluation in 
the tropics and subtropics. John Wiley and Sons Publisher, New York. 155pp. 

[58] Lecomte, R. (1980). The influence of agronomic application of slurry on the yield and composition of erable crops 
and grassland and changes in the soil properties. In: Efficient from Livestock. (Edited by Gasser, J.K.R.). Applied 
Science Publishers Ltd. London. Pp 139–180.  

[59] MACZ (2010). Growing NERICA in Zambia Upland. Rice Food Crop Diversification Support Project, Zambia. 13pp.  

[60] MAFSC (2009). National Rice Development Strategy Final Draft. Dar es Salaam, Tanzania. 32 pp. 
[http://www.kilimo.go.tz] site visited on 5/10/2012. 

[61] MAFSC (2011). National Rice Development Strategy Ministry of Agriculture Food Security and Cooperatives. 
Government Printer, Dar es Salaam, 
Tanzania.31pp.[http://www.kilimo.go.tz/publications/english%20docs/ANNUAL%20REPORT%202010–
11%20FINAL.pdf] site visited  on 10/ 08/ 2012. 

[62] Mattson, N., Leatherwood, R. and Peter, C. (2009). Nitrogen all forms are not equal comparative extension Edition 
of GMPro Magazine. p. 5. 

[63] McLean, E. O. (1982). Soil pH and lime requirement. In: Methods of Soil Analysis, (Edited by Page, A. L., Miller, R. M. 
and Keeney, D. R.), American Society of Agronomy, Madson, Winscosin. 224pp. 



World Journal of Advanced Research and Reviews, 2024, 22(01), 812–830 

827 

[64] Meertens, H. C. C. (2003). The prospects for sustainable nutrient management for sustainable rainfed lowland rice 
production in Sukumaland, Tanzania. Nutrient Cycling in Agro Ecosystems 65: 163 – 171. 

[65] Mghase, J. J., Shiwachi, H., Nakasone, K. and Takahashi, H. (2010). Agronomic and socio economic constraints to 
higher yield of upland rice in Tanzania. African Journal of Agricultural Research 5(2): 150 – 158. 

[66] Moberg, J. (2000). Soil and Plant Analysis Manual. The Royal Veterinary and Agricultural University Chemistry 
Department, Copenhagen, Denmark.  133pp.  

[67] Moges, Y. (2004). Innovations in dryland farming techniques Consultancy Sub–port. Farm Africa Sahara 5: 3 – 12.  

[68] Mutune, J., Mburu, J., Nyikal, R. and Kiranchi, G. (2011). Determination of Adoption of Conservation Tillage Practice 
in Maize–cowpea cropping system: The case study of Makuen District, Kenya. Journal of Science and Environmental 
Management 2(11): 354 – 361. 

[69] MWI (2009). National Irrigation Policy Draft. Dar es Salaam, Tanzania. 55pp.  

[70] Ndung’u, Ma , J.N. Mugwe b , M.W. Mucheru-Muna a , F.K. Ngetich c,d , F.S. Mairura e,* , D.N. Mugendi e Tied-ridging 
and soil inputs enhance small-scale maize productivity and profitability under erratic rainfall conditions in central 
Kenya. Journal of Agricultural Water Management 286 (2023) 108390, (pp 9) 

[71] Nelson, D. W. and Sommers, L. E. (1982). Total carbon and organic matter. In: Methods of Soil Analysis, Chemical 
and microbiology properties. (Edited by Page, A. L., Miller, R. M. and Keeney, D. R.). American Society of Agronomy, 
Madson, Winscosin. pp. 539 – 577.  

[72] Nelson, D. W. and Sommers, L. E. (1996). Total Carbon, Organic Carbon and Organic Matter. In: Methods of Soil 
Analysis Chemical Methods. Soil Science Society of America and American Society of Agronomy Inc., Madison, 
Wisconsin. 1010pp. 

[73] Ngwediagi, P., Maeda, E., Kimomwe, H., Kamara, R., Massawe, S., Akonaay, H. B. and Mapunda, L. N. D. (2009). Plant 
Genetic Resources for Food and Agriculture in Tanzania. Ministry of Agriculture Food Security and Cooperatives, 
Dar es Salaam, Tanzania. 72pp. 

[74] Nishiuchi, S., Yamauchi, T., Takahashi, H., Kotula, L. and Nakazono, M. (2012). Mechanisms for coping with 
submergence and waterlogging in rice. [http://www.thericejournal.com/content/5/1/2] site visited on 
10/01/2013. 

[75] Nwilene, F. C., Oikeh, S. O., Agunbiade, T., Oladimeji, O., Ajayi, O., Sie, M., Gregorio, G. B., Togola, A. and Toure, A. D. 
(2008). Growing Lowland Rice. Production hand book Africa Rice Center. Cotonou, Benin. 40 pp. 

[76] Nyalemegbe, K. K., Oteng, J. W. and Asuming–Brempong, S. (2009) Integrated organic inorganic fertilizer 
management for rice production on the Vertisols of the Accra plains of Ghana. West African Journal of Applied 
Ecology. 16: 23 – 32. 

[77] Nyambo, B.T. (1983). Historical and bacKground information on the research center and its substations. In: 
Ukiriguru 50 years of research 1932 to 1982, the golden jubilee. Published by Tanzania Agricultural Research 
Organization, Ukiriguru Research Institute. pp. 11– 13. 

[78] Odunze, A. C., Kudi, M. T., Daudu, C., Adeosun, J., AyoolaI. G., Amapu, 1. Y. A., Abu, S.T., Mando, A., Ezui, G. and 
Costance, D. (2010). Soil moisture stress mitigation for sustainable upland rice production in the Northern Guinea 
of Nigeria. Journal of Development and Agricultural Economics. 2(11): 382 – 388. 

[79] Oikeh, S. O., Nwilene, F., Diatta, S., Osiname, O., Toure, A. and Okeleye, K. A. (Eds.) ((2008). Respond of Upland 
NERICA Rice to Nitrogen and Phosphorus in Forest Agro Ecosystem.  Department of Plant Physiology and Crop 
Production, University of Agriculture, Abeokuta, Ogun, Nigeria. 74pp. 

[80] Oikeh, S.O., Nwilene, F. F., Angnbiade, T., Oladimeji, O., Ajai, O., Semon, M., Tsenematsu, H. and Samejima, H. (Eds.) 
(2008). Growing Upland Rice: A production hand book, African Rice Centre, Cotonou, Benin. 44pp. 

[81] Oisen, R. S. and Sommers, L. E. (1982). Phoshorus. In: Methods of Soil Analysis. (Edited by Page, A. L., Miller, R. M. 
and Keeney, D.R.), American Society of Agronomy. Madson, Winscosin. 430pp. 

[82] Okalebo, J. R., Gathua, K.W. and Woomer, P.L. (1993) Laboratory Methods of Soil and Plant Analysis. A working 
manual. KARI and Rost. TSBF/UNESCO/EPZ , Nairobi, Kenya. 88pp. 

[83] Olsen, S. R. and Sommers, L. E.  (1982). Phosphorus. In: Methods of Soil Analysis. (Edited by Page, A. L.), American 
Society of Agronomy. Madison, Wisconsin. 430pp. 



World Journal of Advanced Research and Reviews, 2024, 22(01), 812–830 

828 

[84] Palm, C. A., Myers, R. J. K. and Nandwa, S. M. (1997). Combine use of organic and inorganic nutrient sources for 
soil fertility replenishment. In: Replenishing soil Fertility in Africa. (Edited by Buresh et al.), Soil Science Society of 
Agronomy Special Publication Number. 51. Soil Society of America and American Society of Agronomy, USA. pp. 
193–217. 

[85] Pedersen, O., Rich, S. M. and Colmer. T. D. (2009). Surviving floods: leaf gas films  improve O2 and CO2 
exchange root aeration, and growth of completely  submerged rice. Plant Journal 58: 147 – 156.  

[86] Penning de Vries, F. W. (1993). Simulation Monograph. IRRI, LosBanos, Philippines. 271pp. 

[87] Pillai, K. G. (2005). Rice (Oryza sativa L.). World fertilizer use manual. Rice crop  Data. In: 
[www.fertilizer.org/ifa/bublicat/html/pubman/rice.htm.] site visited  on 18/05/2005 

[88] Pol, K. M., Thankur, D. R. and Awari, V. R. (2003). Correlation Studies on Various Morpho–Physiological 
characteristics with grain yield Rice. Agricultural Science Digest Journal 23(4): 267 – 269. 

[89] Prasad, D., Urkurkar, J. S., Bhoi, S. K. and Nag, N. (2011). Production potential and analysis of different rice based 
cropping system in Chhattisgarh plain. Research Journal of Agriculture Science 2(1): 36 – 39. 

[90] Prasertsak, A. and Fukai, S. (1997). Nitrogen availability and water stress interaction on rice yield. Journal of Field 
Crop Research 52: 249 – 260. 

[91] .Rural Livelihood Development Company (2011). Improving Rice Profitability through Increased Productivity and 
Better Marketing Focusing on Tanzania Central Corridor. Rice assessment and Draft sector Strategy.  Morogoro, 
Tanzania 37pp. 

[92] Saidu, A., Abayomi, Y., Abiola, A. and Morolake, O. (2012). Evaluation of complementary use of organic and 
inorganic fertilizers on the performance of Upland rice. International Journal of Advanced Biological Research 2(3): 
487 – 491. 

[93] Saito, K., Linquist, B., Atlin, G. N., Phanthaboon, K., Shiraiwa, T. and Horie, T. (2005). Response of traditional and 
improved upland rice cultivars to N and P in northern Laos. [www.scincedirect.co] site visited on 22/05/2012.  

[94] Sanginga, N. and Woomen, P. L. (Eds.) (2009). Integrated Soil Fertility Management in Africa: Principles, practices 
and developmental process. Topical Soil Biology and Fertility Institute of International Centre for Tropical 
Agriculture. Nairobi, Kenya. 263pp. 

[95] Sarvestani, Z.T., Pirdashti, H., Sanavy, S. A. M. M. and Balouchi, H. (2008). Study of water stress effect in different 
growth stages on yield and yield components of different rice. Pakistan Journal of Biological Science 11(100): 1303 
– 1309. 

[96] Setter, T. L., Waters, I.,  Sharma, S. K.,  Singh,  K. N., Kulshreshtha, N., Yaduvanshi, N.P.S., Ram, P.C., Singh, B.N., Rane, 
J.,  McDonald, G., Khabaz–Saveri, H., Biddulph, T.B., Wilson, R., Barclay, I., McLean, R., Cakir, M. (2009) Review of 
wheat improvement for waterlogging tolerance in Australia and India: the importance of anaerobiosis and 
element toxicities associated with different soils. Annals of Botany Journal 103:221–235 

[97] Sikuku, P. A., Netondo,  G. W., Musyimi, D. M. and Onyango J. C. (2010). Effects of water deficit on days to maturity 
and yield of three NERICA rainfed rice varieties. Journal of Agricultural and Biological Science 5(3): 1 – 7.  

[98] Somado, E. A., Guei, R. G. and Keya, S. O. (Eds.) (2008). African Rice Centre WARDA FAO/SAA. NERICA the New Rice 
for Africa – A Compendium. Cotonou Sasakawa Africa Association. Tokyo, Japan. 210pp. 

[99] Sylvester, O., Oikeh, O., Diatta, S., Tsuboi, T. and Berhe, T. (2001). NERICA rice crop management WARDA. 
[http://www.crdeep.org/wp–content/uploads /2012/05/Vol–1–2–14–IJES.pdf] site visited on 5/6/2012. 

[100] Te–Tzu, T. and Bardenas, E. M. (1965). The Morphology and Varietal Characteristics of Rice Plant. Technical 
Bulletin No. 4: International Rice research Institute, Los Bonos, Laguna. The Phillipines. 284pp. 

[101] Thomas, G. W. (1982). Exchangeable cations. In: Method of soil analysis.  (Edited by Page, A. l., Miller, R. H. 
and Keeney, D.R.), American Society of Agronomy, Madson, Winscosin. pp.154– 169. 

[102] Tunde1, A. M., Usman1, B. A. and Olawepo, V. O. (2011). Effect of climatic variables on crop production in Patigi, 
L. G. A. Kwara state Nigeria. Journal of Geography and Region Planning 4(14): 695 – 700. 

[103] Unagwu, B. O., Asadu, C. L. A. and Ezeaku, P. I. (2012). Maize response to organic and inorganic fertilizers at 
different soil pH levels. International Journal of Environmental Sciences 1(2): 126 – 134.  

[104] USDA (2012). Electronic outlook report from Economic Research service. [www.ers. Usda.gov] site visited on 
15/12/2012. 

http://www.fertilizer.org/ifa/bublicat/html/pubman/rice.htm.%5d%20site%20visited%20%09on%2018/05/2005
http://www.crdeep.org/wp–content/uploads%20/2012/05/Vol–1–2–14–IJES.pdf
http://www.ers/


World Journal of Advanced Research and Reviews, 2024, 22(01), 812–830 

829 

[105] USDA (2012) Natural Resources conservation service. Soil quality indicator [www. natr phys ind Usda.gov] site 
visited on 15/12/2012. 

[106] Wade, L. J., Fukai, S., Samson, B. K., Ali, A. and Mazid, M. A. (1999). Rainfed lowland rice: Physical environment and 
cultivar requirements. Journal of Field Crops Research 64: 3–12. 

[107] WARDA (2007). Report on the Fifth External Program and Management Review of the Africa Rice Centre, Cotonou 
Benin.  pp. 112–135 

[108] WARDA (2008). NERICA the New Rice for Africa. Rice Production Hand book, Cotonou Benin. 72pp. 

[109] Watkin, E. L. J., Campbell, J. T. and Greenway, H. (1998). Root development and Aerenchyma formation in two 
wheat cultivars and one Triticale cultivar grown in stagnant agar and aerated nutrient solution. Annals of Botany 
Journal 81: 349 – 354.  

[110] Weller, J. B and Welletts, S. L. (1977). Farm Weste Management. Crosby Lockwood staples London. 235pp 

[111] Wopereis, M. C. S., Defoer, T.,  Idinoba, P.,  Diack, S.  and Dugue, M. J. (2008). Participatory Learning and Action 
Research (PLAR) for Integrated Rice Mnangement (IRM) in Inland Valleys of Sub–Saharan Africa: Technical Manual. 
WARDA Training Series. Africa Rice Centre, Cotonou, Benin. 128pp. 

[112] Wopereis, M. C. S., Defoer, T., Idinoba, P., Diack, S. and Dugue, M. (2009). Integrated Rice Management in Inland 
Valleys of Sub–Saharan Africa, Technical Manual. Africa Rice Center (WARDA) Cotonou Benin 120pp. 

[113] Yamauchi, R. I., Takahashi, H., Nishiuchi, S., Shiono, K., Watanabe, R., Mliki, A., Nagamura, Y., Tsutsumi, N., 
Nishizawa, N. K. and Nakazono, M. (2011). Identification of genes expressed in maize root cortical cells during 
lysigenous aerenchyma formation using laser microdissection and microarray analyses. Journal of New 
Phytologist 190: 351 – 368.  

[114] Yoshida, S. (1978). Tropical Climate and Its Influence on Rice. International Rice Research Institute. Research Paper 
Series No. 20. Los Bonos, Laguna, Manila, Philippines. 125 pp 

[115] Yoshida, S. (1981). Fundamentals of Rice Crop Science. International Rice Research Institute, Los Bonos, Laguna, 
Manila, Philippines. 255pp. 

[116] Yoshinda, S. and Parao, F.T. (1976). Climatic influence on yield and yield components of lowland rice in the tropics. 
In: Climate and rice. (Edited by International Rice Research Institute). International Rice Research Institute, Los 
Banos, Philippines. pp. 471–491. 

[117] Ziska, L. H. W., Weerakoon, O., Namuco, S. and Pamplona, R. (1996). The influence of nitrogen on the elevated CO2 
response in field–grown rice. Australian Journal of Plant Physiology 23:45 – 52. 

[118] Zubaer, M. A., Chowdhury, A. K. M. B., Islam, M. Z., Ahmed, T. and. Hasan, M. A. (2007). Effects of water stress on 
growth and yield attributes of Aman rice genotypes. International Journal for Sustainable Crop Production 2(6): 
25–30. 

Appendix 1 Correlation coefficient of rice growth characteristics, yield components and grain yield 
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n= 81, df= n–2; *** significant at 0.001, **significant at 0.01 and * significant at 0.05 and NS refers to non–significant; Note: GW –1000 grain weight, 
UG– % unfilled grain, GY–grain yield, HI– harvest index, LAI–leaf area index, NP–number of panicle, NS–number spikelet, NT–number of tillers, PL– 

panicle length, PH– plant height, PP –plant population, TDM – total dry matter 


