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ABSTRACT

Two field axperiments were carried out at EL- Serw Agriculiural Research
Station {ARC) Damietta Governorate, in two successive summer Seasons of 2002
and 2003. These experiments were done to evaluate the efficiency of both
cyanobacteria and Azoffia as nitrogen source sharing mineral nitrogen fertilizer in rice
produc‘t:on in comparison with the use of the full recommended nitrogen dose {60 kg
N fed”}. Results reveal that Azofa inoculated to rice was superior than cyancbacteria.
increasing nitrogen level up to 80 kg N fed”’ increased significantly rice grain and
straw yields. The combination of either cyancbacteria or Azolla with mineral mtrogen
was more beneficial than the use of mineral nitrogen alone. Forty kg N fed” gamed
rice yield not significantly different from that attained due to 60 kg N fed”. Same
treatment lead to increases in N-uptake for grain and straw, Soil biclogical activity
which is represented by soil total bacterial count, total fungi, total actinomycetes,
dehydrogenase activity and carbon dioxide evolution. Generatlly, both cyanobacteria
and Azoifa can Partialty substitute nitrogen in rice cultivation with priority to Azofla,
saving the high cost of mineral nitrogen fertilizer by about 60 % and reduced the
hazards resulted from the extensive use of mineral nitrogen fertilizers.

INTRODUCTION

Application of high input technologies has resulted in significant
increase in agricultural productivity. There is, however, a growing concermn
about the adverse effects of indiscriminate use of chemical ferilizers on soil
fertility. Cyanobacieria either in free living or in symbiotic form (Azo/fa) offer
an economically and ecologically sound akkemative to chemical fertilizers for
realizing the ultimate goal of increased productivity, especially in rice
cultivation. in a wetland nce ecosystem, nitrogen fixation by the free living
and/or symbiotic cyanobactena aiso significantly supplements soil nitrogen.
Mishra and Pabbi, (2004) noted that cyanobacteria also called biue green
algae evolved very early in the hislory of life and share some of the
characteristics of the gliding bacteria on hand and those of higher planis on
the other. Cyanobacteria can both, photosynthesize and fix almospheric
nitrogen, and these abilities, together with great adaptatility to various soil
types, make them ubiquitous. Cyanobacteria aiso have a unigque polential to
contribute a varety cf agricultural and ecological situations especially in rice
paddy fields. However, the continuous use of chemical fertilizers inflicted
deleterious effects on soil organic matter reserves, thereby creating further
deficiency in soil nitrogen. That is why global attention has been drawn to find
out the alternatives and supplementis to chemical nitrogenous fertilizers. In
rice fields the addition of cyanobacteria andior Azoffa could be prionty to
address this problem.
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Azolla is a small aquatic fern harbors the nitrogen fixing
cyanobacterium Anabaena azolfae, as a symbiont in a cavity located on its
upper green leaf. The Anabaena in the plant apex iIs undifferentiated and
activity divides among the leaf primordial, but lacks a nitrogen fixing ability
(Hill, 1977). At the leaf matures, Anabaena increases its number and
heterocyst frequency and becomes able to fix the atmospheric nitrogen and
supp!.es the fixed nilrogen to the fem (Maejima el al., 2002).

The role of cyanobacteria and Azoffa in supplying N to rice fields is
well documented. Some workers found that inoculaling rice fields with
cyanobacleria and/or Azolla combined with % full nilrogen dose, increased
significantly rice yield compared to the use of full nitrogen dose {Mandal et
al, 199¢ and Herzalla et al,, 2002). Hammad et al,, (1997) concluded that
introducing cyanobacteria combined with N and P chemical fertilizers to rice
crop gave the chance for saving (about 50% of required N and P) helping to
face their expensive prices nowadays, raising the harvest index under low
level of N, increasing N and P use efficiency, saving biofertilizers for irrigated
rice cultivation., saving the environment from the pollution by high
concentration of chemical nitrogen fertilizers and subsequently producing a
satisfactory and good rice yield. Hossain ef al., {2001) reported thal the use
of Arzoffa grown as dual with rice could fulfili the entire requirements of
nitrogen for rice. Azolla incorporaled into rice fields increased significantly
rice uptake of N, P and S.

Furthermore, in addition to the role of cyanobacieria and Azolla in
supplying N to rice fields, they also bring about, direct’y or ndirectly, a
number of changes in the physical, chemical and biological properties of the
soil and soil water interface in rice fields. For example, cyanobacteria liberate
extracellular polysaccharides and /or organic compounds and photosynthelic
O, during their growth, while Azolla prevent a rise in the pH, reduce water
temperature, curb NH, volatilization and suppress weeds; and boih of them
contribule biomass. On decomposing, they influence the redox activily and
resull in the formation of different organic acids in soil. All such changes
brought about by cyancbacteria and Azodla in soil may ullimately influence
positively the plant-available nulrients and also soil characteristics (Mandal e¢
al., 1999). They also noted that in addition to liberation of O, by cyznobacteria
and Azoila in rice lields, they release carbonaceous metabolites, soil enzyme
activities, CO; a2nd in tum increasing the soil fertility leading to good yield and .
better nutrients plant uptake.

This work is an altempt to evaluate the effect of cyanobacteria and/or
Azolla each individually or in combination with different N-levels on rice yield
components, N- uptake and soil biological activity alter rice harvesling
(Dehydrogenase activity, CO; evolution and microbia! count).

MATERIALS AND METHODS

Two field trails were camied out during the two successive seasons
of (2002 - 2003) at El Serw Agricultural Research Station (Damielta
Govemorate) to study the effec! of inoculation with both cyanobacteria and/or
Azolla in presence of different leveis of N fertilizer, on rice yield and its
components in addition to nitrogen uptake of grain and straw yields.

5568



ey

J. Agric. Sci. Mansoura Univ., 30 (8}, September, 2005

The soil of experimental plots was clayey with pH 8.2, omganic matter
0.84%, total nitrogen 0.042%, available N 39 ppm, available P 9.1ppm and
available K 542 ppm. The soil analyses were done according to (Black,
1965).

A split- plot design with four repiicates was used. The main plots
were arranged to study the nitrogen ferlilization levels (20, 40, and 60 kg N
fed', while the sub-plots were assigned to the bioferilizer inoculation
treatments namely control without inoculation, inoculation with cyanobacteria
and inoculation with Azolfa,

Nurseries were eslablished using Giza 178 rice variely in both tested
seasons of experimentation. The establishment of nurseries were on May, 6%
2002 and Malx. 130 2003), while transplanting was done on June, 112 2002
and June 17 = 2003). All plots received the same uniform amount of P;Os as
super-phosphate (15% P,0g) at the rate of 100 kg N fed' before
transplanting.

Azolla was used as fresh Azolfa incorporated into the soil by labors
feet in parallel with rice seedlings transplanting, while cyancbacteria were
inoculated 7 days after transplanting using dry secil based inoculum of mixed
cyanobacteria strains viz. Anabaena oryzae, Nostoc muscorum, Tolypothrix
tenuis and clyndrospermum muscicola, Nitrogen ferlilizer in the form of
ammenivm sulphate (20% N) at the tested rates was added in two equal split
doses, the first addition was at transplanting to activate bioferiilizer, while the
second addition was added one month later.

At harvest, rice yield and its components (Plant height, number of
productive tillers, panicle length, panicle weight, (000 grain weight, grain and
straw yield) were recorded.

Nitrogen content of grain and straw were determined using Micio
Kjeldahi technique.

Nitrogen uptake of both grain and straw were calcuiated as (kg N fed’
"} by multiplying nitrogen percentage by the dry weight of bath grain and
straw yields per fed.

The remained soil after rice harvesting was exposed for total bactena
count (Allen, 1959), total fungi count (Martin, 1950), Aclinomycetes count
(Williams and Davis, 1965), CO, evolution (Pramer and Chmidt, 1964} and
dehydrogenase activity (Casida ef al, 1964).

Al data were tabulated and subjected to statistical analysis according
to (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Effect of cyanobacteria, Azo//a inoculation and nitrogen fertilization on
rice yield components and N-uptake by grain and straw:

Data in Table (1) indicate the effect of nitrogen fertilizer levels,
Cyanobacteria and Azofla inoculation on rice yield components.
_ Due to nitrogen levels, obviously both 40 kg N and 60 kg N fed™
mcr?ased significantly all tested rice yield components compared to 20 kg N
fed” level. However, the highest recorded values of rice yield components
were 99.40 ¢cm (plant highest), 20.27 (number of productive tillers), 21.10 cm

5569



El Zeky, M. M. et al.

(panicle Ienglh) 3.10 g (panicle weight}, 22 g1 (1000 grain weight), 3.88
tones fed”’ (grain yield) and 4.43 tones fed’ for straw yield. These recorded
values were achieved by applying 80 kg N fed”’ and were significantly higher
than those recorded by applying any of 20 or 40 kg N fed™.

Table (1): Rice yield and its components as affected by nitrogen
fertilization and cyanobacteria or Azoffa inoculation (Data
are a mean of two seasons)

Plant | NO.of |Panicle/Panicle| 1990 | Grain |Straw

r— ——

Treatments | height |productive|Length|weight f;iagi:t Yield 5::::’
{cm) | tillers | {cm) | () j |fonfed| goq!

N-rates (A)
20 kg N fed™ | 95.20 17.58 19.01 ) 213 |21.56] 3.18 | 4.10
40 kg N ed” | 96.90 18.89 19.48 | 2,57 |22.59| 3.52 | 4.32
0 kg Nfed” | 9940 20.27 2110 | 310 |2291| 3.88 | 443
F Test L [ ] ok el iy e ke

L.S.D. 0.08 1.68 0.79 0.47 611 | 045 | 0.06 | 0.07
Inoculation type (B)

ICont. 9359 | 18.02 [19.10] 234 [2151] 319 [4.15
yano. 97.88 | 1947 [ 2017 | 266 |22.61| 3.57 | 4.27

Azolla 10010 1943 720731 279 [2293] 361 | 4.41

F Test " » »* a e L -

L.S.D 0.05 2.20 | 0.1 053 | 013 | 0.63 | 0.05 | 0.09
AXB
F Test N.S NS N.S > " * [ NS
L.S.D.0.05 - - - . 3 - -

Both cyanobacteria and Azofla inoculation increased significantly ali
tested rice yield componenls. The highest values of rice yield components
were recorded by the !reatment inoculated with Azolfa rather lhan those
obtained by Cyanobacteria inoculation. The corresponding higher significant
valuzs were 100.10 cm {[plant height), 19.43 (humber of productive tillers) ,
20.73. om (panicle length) 2.79 g (panicle weight ) , 22.93 , (1000 grain
weight) , 3.61 tones fed-1 (grain yield) and 4.41 tones fed-1 for straw yield . In
this respect, Singh et al, (1938} explained lhat this behavior may due to that
the unavailabilily of nitrogen from cyanobacteria blooms developed at later
growth stage of rice crop, indicating lower nilrogen upiake by rice as a result
of poor N- use efficiency. While , in case of Azolfa inoculation , fresh Azoffais
characterized by its early high mineralization rate when incorporated into soil
at rice seedling transplanting , which , in tum exhibited higher N-availability to
rice crop and rice N- use efficiency , which in {urn produced higher yield than
cyanobacleria inoculation (Mussa and Ghazal, 2002). However, it is of worth
mention tnat the level of significance achieved by biofertilizer inoculation was
fess than those recorded due to nitrogen fertilization. Neverheless, both
treatments that received cyanobacteria and/or Azolfa inoculation, relatively
gave significantly higher rice yield comnponents than those recorded by ihe
control treatment withoul inoculation,
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Data in Table (2) revealed a posilive significant interaction effect due
to nitrogen levels and cyanobacteria or Azofla an panicle weight, 1000 grain
weigh{ and grain yield, Data exhibi{ a significant positive interaction effect on
panicle weight, 1000 grain weight and grain yield parameters. All combination
between the tested nilrogen levels and cyanobacteria or Azolla inoculation
gave significantly higher values for these parameters compared to the control
treatments. The highest significant interaction values are due to Azofa
mocu!auon rather than cyanobacteria inoculation. The combination of 40 kg N
fed" with Azofla inoculation gave significantly the highest values of 381¢g
{panicle weight) , 23.95 g (1000 grain weight) and 3.95 tones fed” for grain
yield compared to other values oblained by the ccmbination of the other
tested nitrogen leveis combined with either cyanobacteria or Azoﬂa
inoculation. However, cyanobacteria inoculation combined with 40 kg N fed™
recorded higher values of these parameters than those observed in case of
the combination of 20 or 60 kg Nfed™ with cyanobacteria inoculation (Table
2). Similar results were obtained by Mandal ef af., {15899) and Herzalla &t ai,
(2002). They found that inoculation of rce ﬂelds with cyanobacteria and/or
Azolla combined with 2/3 full nitrogen dose increased significantly rice yield
compared to the use of full nitrogen dose.

Nevertheless, it is of imporance to note that Azofla inoculation
combined with 40 kg N fed' was significantly superior to cyanobacteria
accompanied with 40 kg N fed in affecting these parameters. On the other
hand it is worth mention that inoculation with Azoffa combined with 40 kg N
fed™’ ralher than cyanobacteria ¢can be recommended as nitrogen saver and
environmental safer from the extensive mineral nitrogen application.

Table (2): The interaction effect between inoculation with Azolia or
Cyanobacteria and Nitrogen fertllization on rice yield and its
components (Data are a mean of two seasons)

N.level | papicie weight | 1000 grain weight | Grain yield ton

(9} (9) fed

-

NOCUIation ™ 1 et e Ittt ] At | W tos | el | ot 40 k| oo e,
&0“"(“ 2021230271 ,20.19|21.99 22,36 | 2.59|3.256 | 3.36
Cyanobacteria | 2.17 | 3.58 | 3.17 | 22,08 | 22,82 | 22.98 | 3.22 | 3.75 | 3.69
lAzolla 2.21(3.81:3.38 22,48 23.95)| 23.36|3.35 3,95 | 3.88
F. Test . . .

L.5.D. 0.05 0.12 0.52 0.05

N-uptake by grain and straw:

Data in Table (3) indicate the effect of nitrogen fertilization and
cyanobacleria and Azoila inoculation on both nitrogen percent and nilrogen
uptake for rice grain and straw. Increasing nitrogen level from 20 to 80 kg N
fed’ increased signifi cantly both N % and N-uplake for rice grain and straw.
The hughest N % and N-uptake values were 1.33, 0.61 and 48.53 and 27.48
kg N fed” in respective to rice grain and straw. However, the highest N-
percentage and N-uptake values were achieved due to 60 kg N fed'
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trealment which gave significantly higher percentage values compared to
other N treatments.

Table (3): Nitrogen content and uptake of rice grain and straw yield as
affected by nitrogen fertilization and cyanobacteria or Azolla
inoculation {Data are a mean ¢{ two seasons)

' Nitrogen %[ Nitrogen Uptake |Nitrogen % Nitrogen uptake of
Treatments oiggrain of grrac;?: (kgifed | of S?traw Stra\gﬂij fed™
N-rates {A)
20 kg N fed” 1.12 36.71 0.52 20.30
4_QN fed ' 1.29 45.37 0.57 24.63
L_)_!gg N fed” 1.33 48.53 0.61 27.48
F Test i * » &
L S.Dat0.05 0.03 2.41 0.03 1.85
Inoculation (B
Cont. 1.24 38.28 0.53 22.04
Cyano. 1.28 46.01 0.57 24.48
Azolla 1.30 48.97 0.59 26.89
F Test b * ! *
L.S.D at0.05 0.01 2.7 0.02 1.74
AXB
F Test N.S N.S N.S NG
L.S.D at0.05 - - - -

Owing cyanobacteria and Azoffa inoculalion, dala in Table (3)
revealed that they cause positive significant increases in both N % and N-
uptake for both rice grain and straw compared o the control treatment. The
highest nitrogen percentages and nitrogen uptake valuves for both rice grain
and straw were achieved in response to Azoffa inoculation treatments.
Hossain ef al, (2002) reported that Azoffa incorporated into rice fields
increased significantly rice uptake of nitrogen. The corresponding nitrogen
percentages were 1. 30 (straw) and 0.59 {grain), whlle nitrogen uptake values
were 48.97 kg N fed” (straw) and 26.89 kg N fed™ (grain). These obtained
resuits due Azoffa inoculation were significantly than those recorded by
cyanobacleria inoculation except for nitrogen percent in straw. The results
are in accordance with those obtained by (Ghaza! ef al, 1397 and Abd El-
Rasoui el al,, 2004) who stated that Azofla inoculation was more beneficial
than cyanobacteria inoculation especially in rice cultivation. Azola
incorporated at rice transplanting mineralized fastly and 75% of its nitrogen
becomes available to rice plants within one week, while cyancbacteria tended
to for blooms initially and after their death long time laler release their fixed
nitrogen at probably late stage of rice growth. Moreover, the incorporation of
Azolia into to soil suddenly increased the C: N ratic of the soil favoring
rnicrobial proliferation and the subsequent immobilization of available
nitrogen, The mineralization released significant amount of nitrogen within 8-8
weeks because of decay of added AzoMa. Consequently, Azofla gave ils
ritrogen by gradual mineralization which decreases the loss of nitrogen by
leaching volatilization or denitrification (Mussa et al,, 2003). In Burma, On the
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contrary, Mya and Tun, (1881) postulated that cyanobactena biofedilizer is
more suilable than Azofla in rice cultivation, since it is needed in small
quantity and it could be multiplied in simple open air culture at very low cost.
While, Azolla which is needed in large quantily does not grow abundantly in
the dry zone of Burma and no {ime could be spared for the cultivation in the
field prior to transplantation of nce seedlings.

Neverliheless, no significant effects were detected due to the
interaction resulted from the combination between both nitrogen levels
ferlilization and Azoifa or cyanobacteria inoculation (Table 3). The current
data revealed that 40 kg N fed”' combined with either cyanobacteria or Azofla
inoculation gave significantly higher Elant height and grain yield than those
obtained by the use of 60 kg N fed . Herzalla ef al, (2002), revealed that
Azofla inoculation combined with 40 kg N fed™ was superior than the use of
60 kg N fed™ indicating that 40 kg N fed™' plus Azofla was more beneficial for
rice grain and straw. However, they added that at higher levels of nitrogen,
most of the nitrogen probably is subjected to leaching, volatilization and
denitrification. With increasing nitrogen, the available form of nitrogen will
increase and becomes highly susceptible to leaching, volatilization and
losses. Furthermore, plants at higher leveis of nitrogen may not take more
than their requirements, because they were satisfied with optimum level of
nitrogen {Ghazal e! al., 1997).

Soil microorganisms:

Data in Tables (4 & 5) indicate the effect of cyanobactena or Azolla
inoculation to rice under different nitrogen levels on total microorganisms
count, dehydrogenase activity and CO; evolution in soil after rice harvesting.

The number of total bacteria, total fungi and total actinomycetes
show a positive significant response {o both cyanobacteria and Azolia
inoculation. On the other hand, increasing nitrogen levels from 20 kg N fed”'
upto B0 kg N fed™! slightly increased the total bactenial count and total fungal
count compared with those recorded by 40 kg Nfed” treatment (Table 4).
While increasing nitrogen level increased significantly the total actinomycetes
count only.

The highest bacterial, fungal and actinomycetes counis were
recordad in response to Azofa inoculation combined with 40 kg N fed”’ .The
comresponding count numbers were 54.62 x 10° (bacteria), 83.34 x 10 (fungi)
and 155.33 x 10° (actinomycetes). inoculation with '/, recommended N dose
beside cyanobacteria inoculation in wheat cultivalion significantly increased
the total count of bacteria ,fungi, Azofobacter, nitrogen fixing bacteria and
actinomycetes (Abd El-Rasoul ef al., 2004). Furtiermore, Rao and Burns,
(1990) previously staled that beside fixing atmospheric N2, cyanobacteria
produce vitamins and plant growth stimulation hormones, excrete
polysaccharides thereby improving soil aggregation, stimulale some
beneficial soil microorganism which improve %oil organic matier and
conseguently increased the soil microorganisms number. (Mandal et al.,
1999) reported a significant increase in lhe organic carbon content in soil due
to successive Azofla cropping with rice plants which in tum increased soil
fertility through enhancing the growth and biomass of soil microorganisms.

5573



El Zeky, M. M. et al,

Table {4): Effect of cyanobacteria, Azolla inoculation and N-fertilization
on soil microorganisms count {Data are a mean of two

seasonsj
. Treatments
N-fertillzation :
- Control | cyanobacteria [  Azolla
(Kg Nfed') Total bacteria cfu g soil x10° Means
20 7.57 38.33 51.51 31.80
40 80.680 38.55 54.82 36.59
6C 12.52 35,33 50.00 32.62
. ___Means 12.23 36.74 52.04
L.S.D at 6%
N 1.87
Inoculation 210
Interaction 3.60
Total Actinomycetes c¢fu g™ soil x 10°
20 86.33 106.67 109.67 99.56
40 108.87 132.67 155.33 129,57
60 86.67 109.67 130.00 108.78
Means 92.69 113.37 131.67
L.S.D at 5%
N 24 90
Inoculation 20.01
Interaction 16.10

Tabhle (5): Effect of cyanobacteria, Azofla inoculation and N-fertilization
on soll dehydrogenase activity and CO; evolution {Data are a
mean of two seasons)

N-fertilization Treatments
(g N fed™) Control | cyanobacteria |  Azolla Means
Dehydrogenase activity {(mg TPF 100 g~ soil)
20 95.25 122.67 145.75 121.22
40 102.95 183.25 200.21 162.14
60 112.85 151.10 168.21 154.70
Means 103.62 163.06 171.39

L.S.D. at 5%

N 5.30

Inoculation 4.85

Interaction 9.29

CO; evolution (mg CO; 100 g™ sail)
20 210.75 325.00 457.50 331.08
40 321.75 470.50 510.75 437.17
60 288.13 466.75 482.00 405.63
Means

LSD. at5%

N 7.35

Inoculation 11.78

interaction 19.72 J
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Soil Dehydogenase activity and CO; evolution

In concern with dehydrogenase activity (DHA) and CO; evolution of
soil remained after rice harvesting data in Table (5) indicated that inoculation
with either cyanobacteria or Azofla increased significantly both DHA and CO,

evolution,

‘ However, the values recorded in response 10 Azolfa inoculation were
significantly higher than those due to cyanobacteria inoculation. The hi 1ghest
DHA value of 200 mg TPF 100 g™ soil was altained by 40kg N fed plus
Azolla inoculation followed by 183.25 mg TPF 100g 'soil for 40kg N fed™

combined with cyanobacteria inoculation. Same trend was achleved due to
CO; evolution, since the h:ghesl value of 510.25 mg CO, 100 g’ sou followed
by 478.50 mg CO,; 100 g sonl were gained by 40kg N fed™ plus Azola
inoculation and 40kg N fed' combined with cyanobacteria inoculation,
respectively.

Abd El-Rasoul ef al, (2004) reported that wheat inoculation with
cyanobacteria combined with '/, recommended N dose led to increased both
soil DHA activity and CQO; evolution afler wheat harvesting. They explained
that inocutation with cyanobacteria increased the soil microbial biomass
which in um increased both DHA activity and CO; evolution due to the
massive respiration process due these increased microorganisms.

Generally, it could be concluded that application of Azoffa and
cyanobacieria lechnology in rice production gave the chance for saving the
costly chemical N fertilizer (about 30%)} with priority to Azolla inoculation
which lead 1o decrease nitrogen losses more than cyanobacteria, increased
n-use efficiency, saving the form pollution with the high concentration of
chemical nitrogen with fertilizers and consequently producing a satisfactory
and good rice yield.
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