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Abstract

Nitrogen fertilizer recovery by lowland rice can be as low as 10% and rarely exceeds 60%. Azolla contributes to
the nitrogen (N) nutrition of rice plant through biological N fixation (BNF). This study aimed at assessing the
influence of Azolla pinatta on floodwater chemistry, rice yield, total dry matter and N uptake of rice. The study
was carried out at the Dreyer Research Station in South Western Burkina Faso in 2005 using a split urea
application method called Experiment 1 (E1) which was compared with what the farmer’s practice (E2), which is
basal application of NPK (16 16 16) and one top-dress of urea. Four levels of nitrogen was used in the
experiments (0, 40, 80, 120 kg N ha™"). The full Azolla cover on the floodwater surface by the time of urea
application prevented rapid increase in floodwater pH in the range of 0.52 to 0.68. The presence of Azolla
lowered floodwater temperature by 1.9 to 2.0 °C. There was a significant increased (p < 0.01) in total dry matter
yield of rice by 7.8% in E1 and 9.8% in E2 as a results of the presence of Azolla on floodwater surface. Similarly,
Azolla significantly (p < 0.01) increased grain yields in both experiments. Apparent N-recovery of rice
increased between 13.3 and 16.8% in grain and 39.1 and 42.6% in straw. There was however no significant
interaction (p > 0.05) between Azolla and nitrogen. It is concluded that Azolla brought about an additive effect
and could be an efficient fertilizer alternative or supplement in flooded rice cropping system in Dano.

Keywaords: Azolla, nitrogen, temperature, rice, Ammonia volatilization and efficiency
1. Introduction

Nitrogen (N) fertilizer uptake and use efficiency is often low because of its loss from the soil through various
chemical and biochemical process. Nitrogen recovery by rice can be as low as 10% and rarely exceeds 60%
(Fageria et al., 2009; Bandyopadhyay & Sarkar, 2005; Fageria & Baligar, 2001; Vlek & Byrnes, 1986; Schnier et
al., 1988). The losses of applied N fertilizer, particularly as gas, are typically higher in lowland rice ecosystems
with saturated or flooded soil than in cropping systems with aerated soil (Zhu, 1997). Ammonia (NHj3)
volatilization, a gaseous emission of NHj to the atmosphere, is reportedly one of the major causes of the low N
fertilizer efficiency and an important mechanism for N losses in lowland rice fields (Knoblauch et al., 2012;
Jayaweera & Mikkelsen, 1990; Freney et al., 1993). The most important factor in NH;-volitalization is a high
NHj-concentration of the floodwater combined with high pH (Vlek & Stumpe, 1978). The latter is closely
related to the decomposition of urea and the photosynthetic activity of algae (Fillery & Vlek, 1986; Freney et al.,
1995).

In West Africa, most smallholder farmers are unable to purchase fertilizer to boost crop production due to the
high cost of mineral fertilizers (Fosu et al., 2004).The low efficiency of N by rice and the high losses of N
applied resulting in low yield causes substantial economic loss to farmers (Bandyopadhyay & Sarkar, 2005;
Song, 2004; De Macale & Vlek, 2002) and pollution of the environment. In Burkina Faso most soils are deficient
in nitrogen which is a major constraint to food production.

Globally, attention has been drawn to this problem and technologies are being develop to reduce the high N loss
and improve N use efficiency by rice. The techniques which reduce NH; volatilization losses would be expected
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to reduce total gaseous N losses (Simpson et al., 1988). Several options to increase the urea efficiency were
investigated in last three decades, mainly by reducing the NH," concentration in the floodwater by using urea
super-granules (Vlek & Craswell, 1981), urease inhibitors (Byrnes & Freney, 1995), and slow-release products
such as SCU (Blaise & Prasad, 1995). Most of these methods are difficult to apply and requires chemicals that
are expensive. With the exception of urea-supergranules, the others have found little adoption in the developing
countries. To reduce environmental pollution, it is important to increase nitrogen use efficiency by integrating
organic fertilizers in the rice production system. The use of Azolla has generated much interest to improve the
efficiency of applied urea fertilizer (Vlek et al., 1992; Boadilla, 1993; Vlek et al., 1995; Cisse, 2001, De Macale
& Vlek, 2002). This aspect of Azolla use is new and has the potential of increasing yield, however, little is
reported about this in Africa.

Azolla, an aquatic fern that lives in symbiosis with algae (anabaena), has high N-fixing abilities, rapid growth
and easy-decomposable characteristics (De Macale & Vlek, 2002). It also acts as a recycling source of
phosphorus, sulphur and other essential nutrients to the rice plant (Mian & Azmal, 1989). Azolla contributes to
the N nutrition of rice plant through biological N fixation (BNF) and hence has been used as bio-fertilizer
especially in Asia (Lumpkin & Plucknett, 1982; Mian, 1993). There is however litle research report of its use as
biofertilizer in Burkina Faso where farmers are unable to purchase fertilzer for their crops due to high cost. This
research aimed to evaluate the influence of Azolla on the floodwater chemistry, grain yield and N uptake of rice
in Azolla/rice-based cropping systems in Dano (Burkina Faso).

2. Materials and Methods
2.1 Study Area

The study was conducted in the Dreyer Research Station at Dano (South Western Burkina Faso) in the Ioba
province (longitudes 3°9’ W and 3°6’ W and latitudes 11°18' N and 3°4’ N). The soil is Gleysol characterized by
permanent or temporary saturation of underground water. Monthly rainfall (Figure 1a), minimum and maximum
temperature (Figure 1b) during the study period were obtained from the GLOWA-VOLTA meteorological
station in Dano. This region is characteristiced by two marked seasons, a long dry season from October to April
and a short rainy season from May to September. The rainfall varies from 300 mm in the extreme north to 1100
mm in the extreme south and south-west.
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Figure 1a. Monthly rainfall distribution at the site during the experimental period. On-station field experiment in
Dano, Burkina Faso
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Figure 1b. Monthly minimum and maximum temperature distributions at the study site during the experimental
period, On-station field experiment

2.2 Experimental Layout and Treatments

Two field experiments were carried out during the wet season in 2005 to evaluate the use of Azolla in
combination with different rates of urea as a management technique to improve N uptake and grain yield of rice.
Sixteen treatment combinations (Tablel) consisting of four concentration of nitrogen fertilizer (0, 40, 80 and 120
kg N ha™') were applied with or without Azolla and control treatment. Two set of fertilizer application methods
were employed. Except for the control, Potassium (K) and phosphorus (P) were applied in the form of potassium
chloride (KC1) and triple super phosphate (TSP) each at the rate of 32 kg ha™ prior to transplanting and urea as a
split dose, half at one week after transplanting and the other half at panicle initiation to experiment 1 (here after
referred to as E1) and N P K (16-16-16) at a rate of 150 kg ha™ applied prior to transplating and urea fertilizer
applied on 45 days after transplanting as a single dose in experiment 2 (hereafter refers to as E2), which is the
usual practice of farmers. The levels of P and K were the same in all treatments. The experiments were laid out
in a Randomized Complete Block Design (RCBD) with four replicates. Each plot size was 6 m*(2 m x 3 m),
with bunds of 50cm surrounding it to prevent cross contamination of treatments between plots. All plots were
flooded to a depth of 5 cm for two days before 4zolla inoculation till two (2) weeks before harvest. The fertilizer
commonly available and used by farmers, NPK (16-16-16) was used in the E2.

Table 1. Experimental treatments

Nitrogen concerntration (kg ha™) Azolla Pinnata (t ha™)  Urea split application (E1)  Urea single dose (E2)
0 (control) 0 N1 NIf
0 2 N2 N2f
40 0 N3 N3f
40 2 N4 N4f
80 0 N5 N5f
80 2 N6 Nof
120 0 N7 N7f
120 2 N8 N8&f
2.3 Planting Materials

Rice seeds (Oryza sativa), variety FKR 19 (120-days maturity) was planted at a rate of 40 kg ha". Before
planting, the seeds were soaked for 24 hours and incubated for another 24 hours. The pre-germinated seeds were
nursed on seedbed for twenty-two days. The seedlings were transplanted 20 x 20 cm apart at 2 to 3 seedlings per
hill. Re-filling of dead and weak seedlings was done four days after transplanting (DAT) to ensure uniformity in
growth and density per hill.

Azolla pinnata was obtained from Vallee du Kou in the Houet province and multiplied in a propagating pond
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near the sites of the experiments. The Azolla was harvested, drained and weighed a day prior to the inoculation,
that is, a week before rice transplanting. Ten percent of the floodwater surface was inoculated with Azolla at the
rate of 2 t ha”' (0.2 kg m™) in plots with Azolla treatments in order to obtain a complete cover of the floodwater
with Azolla at the time of urea application.

2.4 Soil Sampling and Field Measurements
Soil samples were taken using soil auger at the depths of 0-15 cm and 15-30 cm from each plot.

Samples were air dried and passed through a 2 mm sieve, and soil analysis carried out to determine soil pH,
available P (Bray 1), total N [micro Kjeldahl distillation and titration method (Bremner & Mulvaney, 1982)] and
soil organic carbon (Walkely Black) (Table 2).

Table 2. Physical and chemical characteristics of sites of experiments at Dano, Burkina Faso

o Soil depth (cm)

Characteristics

0-15 15-30
pH 6.83 6.70
Total nitrogen (%) 0.08 0.07
Exchangeable K (cmol kg ™) 0.14 0.11
Exchangeable Ca (cmol/kg) 26.60 26.58
Available P (mg kg™ 430 3.61
Organic matter (%) 0.092 0.091
CEC (cmol kg™ 31.51 31.01
Bulk density (g cm™) 1.25 1.44
Soil texture fine sand fine sand

Floodwater temperature and pH were measured in situ in each plot the first 14 days after each urea application
between 12 noon - 2 pm with a portable digital-pH/mV/Thermo-meter (GPRT 1400 AN) which has a metal
probe thermometer (-20 to +110 °C). Prior to inoculation, Azolla was sub-sampled, sun-dried, ground and
analyzed for total nitrogen. Floodwater pH and temperature were measured in E2 only when N was applied in
the form of urea at 45 days after transplanting while floodwater pH and temperature were measure one week and
45 days after transplant when urea was applied in E1.

Plant height were measured and tillers counted at two weeks intervals from six randomly selected tagged hills in
each plot from two weeks after transplanting to panicle initiation stage. At maturity, 35 hills (1.5 m®) from the
central part of each plot were cut at the base and threshed to separate the grains. The harvested grain from each
plot was then weighed and the grain moisture content measured. The grain yield was oven dried at 70 °C for 48
hours and later corrected to 14% moisture content. To measure the straw oven-dry weight (StODW), the total
fresh straw weight of the 35 hill sampled (StFW35hill) was first weighed and recorded after removing all
spikelets. A sub-sample of 250 grams was taken for drying. This sub-sample weight was recorded (StFWss). The
straw sub-samples were dried at 70 °C until it attained a constant weight. The final oven dry weight (StODW)
was recorded. Plants samples were taken at panicle initiation stage and at harvest, oven dried, ground and sent to
the Plant Nutrition Unit of the Faculty of Agriculture, University of Bonn, in Germany for N analysis. The N
concentration was measured using the Kjeldahl digestion method (Anderson & Ingram, 1996). Total
aboveground biomass yield was also determined.

2.5 Statistical Analysis

The General Linear Model (GLM) analysis of variance (ANOVA) was used to compare the effect of the presence
of Azolla on floodwater surface, N application and method of N application and their interactive effects on
floodwater pH, floodwater temperature, grain yield, straw yield, total biomass and apparent nitrogen recovery
(ANR) using SPSS version 16. The LSD test for pairwise comparison of means was used to identify significant
differences. Except for the floodwater pH and temperature which were analyzed separately, all other parameters
were analyzed together.
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3. Results
3.1 Floodwater Chemistry
3.1.1 Floodwater pH

In both E1, which is split urea treatment and E2 (which is basal application of NPK (16 16 16) and one top-dress
of urea), Azolla constantly kept the floodwater pH below 8.0 for 14 days after urea application (Figures 2 and 3).
The presence of Azolla cover on floodwater significantly (p < 0.01) reduced floodwater pH from the second day
of urea application till the fourteenth day. The presences of Azolla cover reduced floodwater pH up to 1.2 units
on the sixth day in N4 in El and 1.4 units in N8 on the seventh day in E2. This represents 12.8 and 16.5%
reduction respectively in the presence of Azolla. A peak of 8.63 was recorded in 120 kg ha™ without 4zolla cover
(N7f) in E2.
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Figure 2. The effect of Azolla cover on floodwater pH in E1 plots for the first 14 days after urea application.
On-station field experiment in Dano, Burkina Faso

Note. N1 =0 kg N ha” without Azolla; N2 = 0 kg N ha™ with Azolla; N3 = 40 kg N ha™' without Azolla; N4 = 40
kg N ha™! with Azolla; N5 = 80 kg N ha without Azolla; N6 = 80 kg N ha™' with Azolla; N7 = 120 kg N ha'
without Azolla; N8 = 120 kg N ha™ with Azolla.
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Figure 3. Effect of Azolla on floodwater pH on E2 plots the first 14 days after urea application. On-station field
experiment in Dano, Burkina Faso

Note. N1f =0 kg N ha" without 4zolla; N2f = 0 kg N ha™ with Azolla; N3f = 40 kg N ha without Azolla; N4f =
40 kg N ha' with Azolla; N5f = 80 kg N ha™' without Azolla; N6f = 80 kg N ha™ with Azolla; N7f = 120 kg N
ha™! without Azolla; N8f =120 kg N ha™ with Azolla.
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3.1.2 Floodwater Temperature
The influence of Azolla cover on floodwater temperature was highly significant (p < 0.01) in both E1 and E2.

Floodwater temperature were generally lower in plots with Azolla cover in both E1 and E2 (Figures 4 and 5). In
the El, floodwater temperature ranged from 32.3 to 32.7 °C on plots without 4zolla cover. Plots with Azolla
cover had lower temperatures varying from 29.5 °C to 30.4 °C. There was no clear pattern to the reduction of
floodwater temperature by the presence of Azolla. The highest and lowest temperature difference between
treatments with and without 4zolla cover were recorded in El treatments with a temperature difference of 4.7 °C
and 0.1 °C respectively. In E2, the highest temperature difference of 4.0 °C and the lowest 0.3 °C were observed.
Azolla reduced mean floodwater temperature in E1 treatment, and more so at lower N rates. For a period of 14
days the reduction was 2.0 °C for 0 kg N ha™', 1.9 °C in 40 kg N ha™, 1.5 °C in 80 kg N ha™ and 1.1 °C in 120 kg
N ha™. Similarly in E2, temperature reduction due to the presence of Azolla cover were 1.9 °C, 2.0 °C, 1.6 °C and
1.0 °C for 0, 40, 80 and 120 kg N ha™' respectivly.

General, floodwater temperature was slightly higher in E1 which was measured in June than that of the E2 which
was measure in August. The average minimum and maximum air temperature for the 14 days period in June
were slightly higher than in August.
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Figure 4. The influence of Azolla cover on floodwater temperature on E1 plot the first 14 days after basal urea
application. Dano, Burkina Faso (For Note see Figure 2)
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Figure 5. The effect of Azolla cover on floodwater temperature on E2 plots the first 14 days after top-dressed
urea application. Dano, Burkina Faso

Note. N1f =0 kg N ha™' without Azolla; N2f = 0 kg N ha™ with Azolla; N3f = 40 kg N ha™ without Azolla; N4f =
40 kg N ha™' with Azolla; N5f = 80 kg N ha™' without Azolla; N6f = 80 kg N ha™ with Azolla; N7f = 120 kg N
ha™! without Azolla; N8f =120 kg N ha™ with Azolla.
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3.2 Plant Height

Four weeks after transplanting, the effect of Azolla cover was obvious in the urea split application treatment (E1).
Azolla significantly increased (p < 0.05) plant height by 5.4, 5.5, and 5.6% compared to teatments without
Azolla cover for 40, 80 and 120 kg N ha', respectively. In E2, Azolla positively increased plant height but this
increase was not statistically significant (p > 0.05). There was a strong increase in plant height at week eight.
Azolla singnificantly increased (p < 0.01) plant height in N6 and N8 in E1. The highest value (85.1 cm) was
measured in N8. Similarly in E2, Azolla cover significant increase (p < 0.05) plant height except N8f where the
increase was not statistically significant (Figure 6).
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Figure 6. The effect of Azolla cover on plant height from two to eight weeks of transplant in E1 and E2.
On-station field experiment. Dano, Burkina Faso

3.3 Grain Yield

Generally, nitrogen fertilizer (N) significantly (p < 0.01) increased grain yield of rice up to 80 kg N ha™'. There
was a slight decrease in yield beyond 80 kg N ha™. Figure 7 presents grain yield of rice in both experiments.
Grain yield in E1 responded positively to both N and Azolla application with yields ranging from 2.61 t ha™ in
the control (ON) to a maximum yield of 4.78 t ha” in N8 (120 kg N ha™ and 2t ha' Azolla). There was a
significant increase (p < 0.01) in grain yield when N was applied irrespective of the application of Azolla.
Similarly, there was a significant (p < 0.01) response of grain yield to the application of Azolla on floodwater.
There was however no significant (p > 0.05) interactive effects of N and Azolla and between N, Azolla and
method of fertilizer application (split application (E1) against single dose application (E2). Azolla increased
grain yield by 3.9, 6.4 and 3.9% in 40 (N4), 80 (N6) and 120 Kg N ha' (N8) respectively compared to
treatments without Azolla cover on floodwater surface. The use of Azolla with 40 kg N ha™ produced grain yield
equivalent to 80 kg N ha” without Azolla while 80 kg N ha™ with Azolla produced grain yield even higher than
120 kg N ha™ without Azolla cover.

Similarly in E2, N and Azolla significantly increased (p < 0.01) grain yields. There was a positive interactive
effect of N and Azolla; however, this was not statistically significant (»p > 0.05). Application of N fertilizer
increased grain yields ranging from 2.62 t ha” in N1f to a maximum of 4.68 t ha™' in N8f. The presence of Azolla
cover on the floodwater surface increased the grain yield by 1.9, 7.0 and 5.6% for N concentration of 40, 80 and
120 kg N ha™, respectively.

Generally grain yields were higher with urea split application (E1) compared to single dose application (E2) by
14.5, 6.1 and 2.1% for 40, 80 and 120 kg N ha™', respectively.
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Figure 7. The effect of Azolla cover on grain yield of rice at harvest. On-station field experiment in Dano,
Burkina Faso

3.3 Straw Yield and Total Biomass at Harvest

Nitrogen and Azolla significantly (p < 0.01) increased strew yield in E1 (graph not shown). Strew yield ranged
from a minimum of 1.51t ha” (N1) to a maximum of 3.72 t ha (N8) while in E2, strew yield ranged from a
minimum of 1.50 t ha ' in N1f to a maximum of 3.26 t ha™ in N8f. In E1, the presence of Azolla increased the
straw yield by 7.6 (N2), 14.2 (N4), 12.2 (N6) and 13.6% (N8) over plots without Azolla (N1, N3, N5 and N7),
respectively with the maximum yield of 4.06 t ha™ in N6. In E2, the presence of 4zolla increased the straw yield
of rice but this increase was not statistically significant (p > 0.05). In both experiment, there were no interactive
effect between Azolla, N and N application method.

Similarly, nitrogen and A4zolla significantly (p <0.01) increased total dry matter (TDM) of rice in both E1 and E2
(Figure 8). In El, total dry matter yield ranged from a minimum of 4.2 t ha™ (N1) to a maximum of 8.8 t ha™ (N8)
while in E2, TDM ranged from a minimum of 4.2 t ha (N1f) to a maximum of 8.4 t ha” (N8f). There was
interactive effect between Azolla and N, however this was not significant (p > 0.05). In addition, there was no
significant interactive effect in all three factors (4zolla x nitrogen x method of N application).

—@&— EI without Azolla
—O— E1 with Azolla
—w— E2 without Azolla
—&— E2 with Azolla

Total dry matter (t ha'l)

(; 4'0 8'0 12'0

N concentration (kg ha")
Figure 8. The effects of Azolla cover on total dry matter yield of rice. On station field experiment in Dano,
Burkina Faso

3.4 Grain, Straw Nitrogen Concentration and Total N Uptake at Harvest

In both E1 and E2, N significantly (p < 0.01) increased grain N concentration. Percentage grain N concentration
ranged from 0.77 to 1.15 in E1 and 0.76 to 1.17 in E2. The presence of Azolla on floodwater surface further
increased grain N concentration but the increase was not statistically significant (p > 0.05) in both E1 and E2
(Figure 9). In E1 the highest difference in grain N concentration (6.1%) between plots with Azolla and plots
without Azolla was recorded in N4. There was no interactive effects between N and Azolla on grain N
concentration in both experiments.
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Similarly in El1, the presence of Azolla on floodwater surface increased straw N concentration by 14.9, 3.3 and
1.8% for 40, 80 and 120 kg N ha™', respectively while in E2, the increase ranged from 1.3 to 11.9% with the
highest increase (11.9%) recorded in N4f.

In both experiments, N and Azolla significantly (p < 0.01) increased total N uptake (Figure 10). Total N uptake
ranged from 57.4 kg ha ' in the control to 167.5 kg ha™ in 120 kg N ha™ with Azolla (N8) in E1. There was
however no significant interactive effect between N and Azolla. Similar trend was observed in E2 where total N
uptake ranged from a minimum of 57.5 kg ha™ in the control to a maximum of 160.7 kg ha™ in 120 kg N ha™
with Azolla (N8Y).
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Figure 9. The effect of Azolla cover on grain and straw N concentration at harvest. On-station experiment in
Dano
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Figure 10. The effect of Azolla cover on total N uptake of rice at harvest. On-station experiment in Dano

3.5 Apparent N Recovery

The apparent nitrogen recovery (ANR) by rice plants from mineral fertilizer and 4zolla in relation to the control
is presented in Figure 11. The approach used does not take into account the effect of applied N on the
transformation of native soil N nor the difference in soil N exploitation as determined by the increased size of the
root system of the fertilized crops. As a result, the actual N recovery by the test crop may be overestimated.

Generally, ANR in grain was higher in E1 than in E2. Nitrogen and the presence of 4Azolla cover significant (p <
0.01) increased ANR in grain and strew in E1 (Figure 10). There was a significant (p < 0.05) increase in ANR
only in grain in E2. There was however no significant interactive effects (p > 0.05) between Azolla and N in both
E1 and E2. The method of application of N significantly (» < 0.01) increased ANR in both grain and strew yield
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in E1 and E2. In E1, the presence of Azolla cover, increased ANR by 13.3, 11.9, and 9.0% in grain and 39.1, 22.9
and 21.6% in straw for 40, 80 and 120 kg N ha', respectively. Apparent N recovery generally decreased with
increasing N concentration with the highest ANR in the grain (65.3%) and in straw (48.6%) in N4. In E2, the
presence of Azolla improved ANR by 16.8, 9.8 and 16.1% in the grain, and in straw the increases were by 42.6,
14.4 and 16.1% in N4{f, N6f and N8f respectively.
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Figure 11. Apparent N recovery (%) of rice as influence by Azolla cover in E1 and E2. On-station experiment in
Dano, Burkina Faso. (For Note, see Figure 3 and 4)

4. Discussion
4.1 The Chemistry of the Floodwater

An increase in floodwater pH immediately after urea application could probalby be due to OH™ production
during urea hydrolysis. The presence of algae were observed in both E1 and E2 and this probabily brought about
a further increase of the floodwater pH. This finding is in line with a report by De Macale and Vlek, 2002 who
stated up to 1.9 unit reduction in floodwater pH due to the presence of Azolla cover. However from the results
obtained, the floodwater pH in E1, where the first rate of urea was applied one week after transplanting, pH
value were less than 8.3 unit on the uncovered plots the first three days after urea application. Floodwater pH
values below 8.3 during the first three days after urea application where most volatilization losses occur suggest
that the increase in floodwater pH could likely be due to photosynthetic activity of algae. Furthermore, there was
no reflection of suppressive effect of HN; volatilization losses by Azolla in the yield, suggesting that NH;
volatilization losses were not a major problem.

In E2 where the application was done 45 days after planting, the rice plant had developed sufficient root system
to take up nitrogen rapidly and avoid serious losses of N by volatilization, even though the pH of the
uncovered plots rose up to 8.6 units during the first three days. The low pH values in plots with 4Azolla suggest
that Azolla provided conditions that were not favorable for the growth of algae. This finding is in line with the
finding of De Macale and Vlek (2002) in the Philippines and Andrea and Vlek (2007) who reported the lowering
of floodwater pH in the presence of Azolla. With the use of the tracer technique, they showed a reduction of N
losses from the system and an increase in "’N recovery by the rice plant. This was attributed in part to the
reduced volatilization potential (lower floodwater pH) and partly to the urea N up take by the Azolla. The effect
of Azolla cover on floodwater pH was also explained in terms of its absorption of available light (De Macale &
Vlek, 2002). Azolla covering the floodwater surface absorbs incoming solar radiation, hence less light penetrated
the floodwater. Vlek et al. (1995) speculated that this reduction in floodwater pH might be partly due to the
respiration of Azolla, which increases the CO, partial pressure in the water, but found this to be insignificant.
Furthermore, the blue-green alga, Anabaena azollae, living in the fern’s cavies, derives its carbon from the
Azolla, (Tel-Or et al., 1991; Vlek et al., 2002), hence it does not contribute to increasing the floodwater pH.

4.2 Floodwater Temperature

Another result of the shading effect of Azolla was the floodwater temperatures. The presence of Azolla cover
significantly lowered floodwater temperature during the midday than in plots without Azolla cover. The presence
of Azolla cover prevented the rapid heating of the floodwater. Cissé (2001) and De Macale and Vlek (2002)
made similar observation in green house experiments. Floodwater temperature is a vital factor influencing NH;
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volatilization. It affects the relative proportion of NH; to NH,4 present at a given pH (People et al., 1995). In an
earlier study, Jayaweera and Mikkelsen (1990) found that increase in floodwater temperature from 10 to 40 °C at
different pH values increased the aqueous NHj in the floodwater resulting in its high losses per day.

4.4 Crop Growth and Total Dry Matter

Azolla, in combination with urea effectively increased the grain yield of rice compared to that of urea alone. The
suppressive effect of Azolla on the growth of algae reduced the competition for N by the rice plant a week after
transplanting. In addition, the additive effect of BNF by Azolla resulted in the improvement of the overall growth
of the rice plant and hence higher grain yields. The plant height and the total dry matter yield confirm this. Cisse
and Vlek (2001) made a similar observation and reported that 4zolla conserved N by taking part of the urea
applied, together with the N it fixed and then released it later. They added that the process does not only increase
the availability of N to the rice plant but also ensured continues supply of N throughout the growth period of the
rice plant. Thus the higher grain yield resulting from Azolla cover was also due to a higher N recovery of the
applied urea by the rice plant.

4.3 Nitrogen Uptake and Apparent N Recovery

The presence of Azolla cover increased the plant N uptake in both experiments. Apparent nitrogen recovery
(ANR) generally decreased with increasing N rate with the highest ANR in the grain. This is in line with the
findings of Andrea and Vlek (2007), Bandyopadhyay and Sarkar (2005) and De Macale and Vlek (2002). Results
from an ANOVA indicated no interactive effect between Azolla and N suggesting that the increase in the N
uptake by the rice plant as a result of the presence of Azolla cover was most likely due to an additive effect of
biological nitrogen fixation (BNF) by Azolla. Thus, the higher availability of N contributed to the vigorous
growth of the rice during the vegetative stage. The combined effect of Azolla and urea application resulted in a
higher N concentration in rice plant at harvest. The apparent N recovery of rice plant at harvest was higher with
Azolla covered plots than those without Azolla cover in both experiments. Results of ANOVA showed no
interactive effect between Azolla and N, hence, affirming that the increase of ANR was most likely due to an
additive effect of BNF by Azolla.

5. Conclusion and Recommendations

The results provides evidence that the use of Azolla as a cover on floodwater surface of rice improved N
avaliability to the plant through BNF. In addition, NH; volatilization losses is not a major problem in the study
area (Dano). Results provides evidence that N uptake was improved by the use of Azolla which provided more N
to the rice plant. Azolla cover brought about changes in the floodwater chemistry and in the physical and
microbiological environment. Furthermore, the experiment demonstrated that the presence of Azolla cover
reduced the extent of the rise of floodwater pH after urea application. In addition, Azolla cover prevented the
growth of algal on the floodwater surface.

Azolla cover on the floodwater surface resulted in a higher grain yield. The combined effect of Azolla and urea
produced grain yield ranging 3.9 to 7.0% higher than those without Azolla cover. The presence of Azolla cover
with 40 kg N ha™ produced grain yield equivalent to 80 kg N ha™ without Azolla while 80 kg N ha™ with Azolla
produced grain yield higher than 120 kg N ha™ without Azolla. This prospect is very attractive in this part of the
world where the cost of N fertilizer are high and there is growing need to improve grain yield to feed the
increasing population. The application of Azolla can be an efficient and economic fertilizer alternative or
supplement in flooded rice cropping system. The inoculation of Azolla to floodwater a week before rice
transplanting was effective as it allowed the Azolla to have adequate time to spread and cover the floodwater
surface at the time of urea application. This prevented algal growth and hence competition for N. It also provided
the necessary Azolla biomass for effective BNF. The amount of N fixed by the fern and the recovery of the fixed
N by the rice plant was however not known. It is therefore recommended that a further study be conducted using
"N to determine the uptake of the N applied, the total amount of fixed and released N by Azolla into the system.
It is also recommended that, further studies be carried out to assess the cost-benefit of using Azolla in lowland
rice-cropping system in Dano.
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