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INTRODUCTION

azolla, the fresh water fern capable of f£ixing
atmospheric nitrogen through assoclative symblosis with
the Blue green alga Anabacna azollae has drawn considerable
attention on a global scale as a potent source of organic
nitrogen., Azolla can also be used as a substitute for
cogtly inorganic nitrogenous fertilizers in rice culturec.
Besides a slow and steady avallability of =nitrogen is alcce
ensured in rice-azZolla ecogystem. This 1s particularly
important in sandy seoils where leaching losses are high.
In addition to the organic nitrogen contribution through
azolla it has also been reported to be an effective
suppressor of weed growth in rice flelds due to the thick

mat-like covering it forma on the water surface.

Indian agriculture is plagued with the problems of
diseas=s, insects and veed infestation. The estimated loass
to Indian agficulture due to weeds alone works out o around
Rs,4,200 million (Mehta and Joshi, 1965). The reduction in
rice yield due to weeds is to the tune of 15-20 pexr cent in
transplanted rice (Gopalakrishna Pillai and Rac, 1974).

They further observed that the potential loss in prolduction
of rice in India due to weed infestation was 15 million

tonnes amounting to 28 per ccont of annual rice production.



The decrease in production ia drastic when weed
infestation is severe, especlally during the critical
stages of crop-weed competition, Severasl weed control
methods such as manual weeding, mechanical weeding,
chemical method, eropping énd compaetition method etc.arc
avallable. However the mechanical and chemical methods
do not justidy thelr adoption by an average rice farmer
due to the high cost and polluticn problems involved.
Manual weeding alse 1s not advisable due to the exorhitant
waga rates, especlally in Kerala, and the unavaillabilitcy
of labour aguring peak perlods. This leaves the possibility
of utilizing tﬁe cropping and compgotition method of weoed
control. However this method has not been widely used till

now, particularly in rice.

Under these cilrcumstances, dual culturing of azmclla
as a cropplng and competition method-of weed control offers
considerabla scope, It will definitely be cheaper than
other traditional weed control methods since the benefits
£rom nitrogen fixatlon also could be profitably utilised in

rice culture,

Since ao such investigation has been taken wo go far
in Keralaz, the prasent study to assess the efficiency of
azolla for weed contrel in rige ecosystem is uandertaken with

the following objectives:-



(1) To £ix an optimum rate of inoculation of

azolls that would help to check weeds in ricee.

(2)‘To £ind out a suitable weeding practice, in
combination with a particular rate of inoculation of

azolla for rice in sandy soils,

(3) To study the combinad effzck of azolla and

weed control on the growth and yileld of rice.

(4) To agsess the economy Of dual culturing

azolla in contrslling weed growéh.



REVIEW OF LITERATURE



REVIEI QF LITE.”@ATURE

Azolla, the fresh water f£ern, capable of asgocictive
symbiosis with Blue green Algae Ansbaena azollag i kanoun
for its nitrogen f£fixing ability. Apart from soll fertility
improvemant the fern also helps to smother the weeds of
paddy fields, Since this programme was to study the weod
control efficiency of azolla in rice fields, the avallable
information on the'weed problems of rice, soil fertility
contribution and weed control efficiency of azolla are

reviewed below.

1. Weed gpectrum in Rice Flelds

Rice fields host a varlety of weeds and it varies
from location to location mainly because of ecologleal

differencas,

Chang (1969) reported that Manochoria vaginalis,
Marsilea guadrifolia, Eclints Specles, gyperus difiormis,
cyperus iria, Echincchloa crusegalll and Pagpalam spp.Were

the predominant weeds in the paddy f£ields of Taiwan. Tho
common weeds found in the wet lands of Kerala were
Echincchloa colonum, Fimbristylls millacea and cyperus
rotundus (Pillal and Rao, 1974).

Nair et al, (1975) recported that the important weods

at the Rice Research Station, Pattambl, were Echinochloao



crus-galli, Brachiaria spp., Clecme spp. and Fimbristylis
miliacen, In the Kayal lands of Vellayani, Kerasla,

Echinochloa sppe., Cyperus spp., Fimbristylis miliscea,
Monochoria vaginallg efc, were the common weeds
(Raveendran, 19767 abraham Varghese, 19783 Sukumari, 1882).

Neogi et zl. (1980) concluded that dicot weeds of
rice were more in nunber of species, but lower in density

than monocota.

Generally monocot weeds of rice were found to be
more f£requently occuring than dicots, particulerly under
submerged conditions where grassy weeds and sedges formed

a major component of the weed population,

2e Crop-weed competition

2e1. gritical periods of cropeweed competition
It is not economical to keep the £ield weecd-free by

frequent weeding. As an alternative controlling the weeds

at the most critical perilods of crop growth had been suggested.

Shetty and Gill (1974) observed that the most
eritical period of crope-waeed competiticn in transplanted
rice was between 4-6 weeks after gransplanting;

Bhan et al. (1873) reperted that an initial weed-free period

of 45 days should be maintained for higher rice grain yicid.



Maximum weed competiticn in rice was cbserved
during the first 3 weecks and aompetition decreased
betwaen 3 and 6 weecks (Dubey ot al., 1977). Abraham
Varghese (1979) ;eported 11 to”40 days after transplanting
as the critical period of weed infestation in transp;anteﬂ
rice. Reports frdm Tamil Hadu show that a weaed-free period
upto 50 days during monsocn sSeason’ Was required’for higher

yield in puddled rice (Mohammed Ali and Sankaran, 1979).

According tb Burgs et al, (1980) the critical
period of weed infestation in rice ranged from 30 to 50
days after emergence of rice. Pillal (1981) obée:veﬂ that
weed control for the first 6-8 wecks after sowing of rida

was critical,

It is evident that weed control during 3 to & weecks

after planting is more critical in the case of rice.

2420 Removal of nutrients by weeds
Subba Rao (1966) observed that competition between

weed and crop was mainly £or nutrients than for light and
moisture, Swain (1967) reported that barnyard grags in
rice fields removed 60-80 per cent nitrogen from the 50il.
Mallappa (1973) observed an inverse relationship between N
uptake of rice and weed growth,

Shetty and Gill (1974) reported that campetition

for nutrients ketween weeds and crops was maximum during



the early period of growth and compatition for soll
‘nitrogen was maximum during 6~8 weeks after rice trang-
planting. They alszo obasgrved that weeds were more

efficlent in nitrogen uptake than the crop.

Raveendran (1976) concluded that nitrogen uptake
by weeds was negatively correlatcd with nitrogen uptake
by the crop. Abraham Varghese (1978) reported that the
maximum uptake of nutrients by rice was during the

critical pericds of 31-40 days after planting rice,

tleeds gre thus found to have severa compaetition
£for nutrients with the rice crop, particularly for nitrogen.
The pericd of maximum nutrient uptaks of rice £alls during

the critical perlod of crop-weed competition of the crop.

2+3.  Competition for light and spmce
King (1966) reported that the growth rate of scme

weeﬁé enabled them to suppress the growth of crops and
finglly overcrowd them altogether, Arald (1967) cbserved
that competition for light began by 20 days after trans-
planting rice and depended largely on the early growth rate

and sizge of weeds.

The higheat density of barnyard grass produced

70 per cent reduction in light intensity in rxice, according



£o Smith (1968), He also observed a clear shading of

rice by bacnyard grass during the groving season,

In short, competition f£for nutrients, light and
spaée'due to weed infestation lead to'yield reduction of

the concerned crope.

2444 Effacts of weed competition on yicld attributes

" swain (1967) reported that reduction in tillex
number of rice due to barnyard grass infestatlon was of
the ordar of 45 per cent. According to Kleiné anc
Noble (1968}, there was reduction in the number of rice
tillers, panicles znd spikelets per panicle due to
Echinochloa competiticn. Barnyard grass competition at
tillering stage reduced the number of panicles and yleld
of rough rice and compatition at later stages reduced

kernel weight and number of Lkermels (Nodz et al., 1971).,

shetty and Gill (1974) cbscerved that weed
competition did not affect plant haeilght and number of tillercs
in transplanted rice, but the panicle length was reduced.
Raveendran (1976) and Abraham Vargheze (1978) noticed a
reduction in effective tillers/hz, percentage of productive

tilllers and welght per panicle due to weed competition,

There was 35 per cent yield reduction in rice when

weed competition occured throughout the growth cycle



{Burga et al., 1980). T,ey further observed that yleld
redudtion was mainly due to lesser number of paniclgs/mz

and spikelets/panicle.

Thus the Iimportant yleld components found to be
atfected by weed competition were panicle. number, weight.

and number of £illed grains/panicle.

2l Effect on _yleld and quality

Park and Xim (1971) reported reduction in rice
vields by 48 per ceht in plots with a nmixed weed £1lora.
Bhan and Meurya (1572) observed that even a low weed
population reduced rice ylelds in unweeded control when

compared to weed-free plot.

According to Pillai and Rao (1974), yleld reduction
in transplanted rice duc to weeds was 15«20 per cent,
Raveendran (1976) noticed about 25 per cent yileld reducztion
in transplanted rice dus to veeds, compared to hand weading.
Reduction in grain yield due to whole season weed compoti-
tion was 26.91 per cent compared to a weed«free poriod of

1-60 days of transplanting (Abraham Varghese, 197a),

Gomaz and Datta (1975) obgerved that one of the
major sources Of varition in protein content of rice was

weed control. Raveendran (1976) reported that controlling
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weads by penoxslin (&) and hand weeding gave tha highent

protein content as compared to unweeded controls

Weed infestation was f£ound to have a profound
Influence on rico yield, and cn an average 20.25 par <ent
vield reduction wasn reporteds The guality characteristics
of the grain, mainly the protein content was affected due

to veed compatition.

3¢  Hutpient untska by weads

Sankaran et al., {(1974) reported that the total
uptake ©f nutglents by the crop and weaeds togethar in
unweeded plot was less Chan the uptake by the crop alonc in
wacd-£freo trostmentn., Mani (1975) observed that rico weodn
assimilated substential qugntity of nitrogen withln 5«5 weolo
of sowing. They obscrved that rice weeds removed 20.7, 9.5

and 17.5 kg/ha of H, chg and K20 cespectivoly.

Ravesndran (1976) noticed that when wmeed grough was
unchecked, so01l nitreogen was depleted to the extent of 20,06
kg/ha. Abraham Varghese (1978) noticed that nutrient removal
;p weady check was 23.97, 7.92, 30.48 kg/ha of N, Pzﬁs and
Kzﬂ respectively by weeds,

Weed control is thus an important aspect as far as

the crop is concernsed, since the avallabillity of gutricnts
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te the crop is veﬁy much zeduced in the presence of weeds,
The main nutrient for which the crop may become deflcient

" due to weed ccmpatition ig found to be nitrogen.

bo Weed control by Azolla in Rice Pisldg

The ability of a thick, light-proof azolla mat to
suppress weed development had been suggested by Bramer as
@arly as 1927, iHe also obsarved that the kenefits from

weed suppression sugpassed the benefits from N £ixation.

Nguyen (1930) observed that a thilck azolla mat

caused the death of weeds like Urriculaxia fLlexuosa,

Echinochloa crus-galli and Sagittaria sp. Fosberg (1842)
found that = thick covering of Azolla £iliculoides on Lhe
surface of water effecctively prevents most other weads

from growing,.

Shen et al. (1963) reported from China that a strain
of azolla pinnata was a valuable supprassor of weeds.

Olsen (1972) opinioned that Azolls caroliniana successfully

displaced the weed Lemna sp. on danish lakes, but could not
survive the cold winter, Ngo (1973) observed suppressive
effect of different Azolla pinnata mat densities on the
quantity of Echinochloa crusegalll found in a paddy £ield.
It vas algo observed that after & period of 6 weeks, the

50 per cent azollaw=covered plot had 70 per cent fower

Echinochloa crus-galll than ithe control.
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Watanabe. ' . (1977) 1n their work at IRRI
reported that growth of weeds during the early stages of
rice crop can be checked by the quick growth and spread
of azolla on the surface., Talley et ai. (1977) £found
that early development of a thick mat of Azolla
£iliculoides successfully supprassad cyparus difformis,
Echinochlos czus-gnlli and Polygonium sp. Singh (1977 a)

invariably noticed that Anglospermic weeds were less in

the presence of azolla in rice fields.

5¢ BEfect of Envirconmental Factors on Weed growth.
Jean and gohmn (1976) cbserved that light intonznity

underneath Qense mats of water hyvacinth was low enough te
inhibit the growth of algae ani other submerged aquatica.
Eussen (1978) reported that an 80 per cent reducticn in
day-licht 1ntensify resulted in about 50 per cent decrease
in the mezn relative growth rate of weeds. Halaren and
Smith (1978) showed that both quantity and quallity of

light contrzibuted to the growth =nd development of wesds.

Bovwes of al. {1979) reported that the presence of

£loating mats 9©f Hydrilla vezticlllata substantlally

altered the local aguatic weed environment. High levels
of oxygen, pH and temperature in the mat surface water and
low light penstration due to the formation of mats produced

unfavourable conditions for weed growth.
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Thus environmental £factors such as light and Cﬂz
avallaobility under a thick mat of azolla will have scme

affect on weed control inm rice £lelds.

Ge pual culturing of Azolla

Dual culturing is the method of growing azolla
along with rice under wet land conditlons. Dual culturilng
of agolla in rice £ields has been proved to be beneficial

in many waye such as weed control, yicld ilncrease etc.

Galse Rate of azella inoculaticon

A f£ield incculation rate of 1.25 kg £resh azolla per
25 pguare metre was used for dual culturing immsdiately
after transplanting at IRRI {(Anon., 1976). According to
Govindarajen et al. (1979) an inoculation rate of 0.3 kg/mz
7 days after transgplanting gave camnplete coveraga of azolla

within two weaeks.

Singh (1978 a,b) reported an increase in rice yicld
when azolla was grown simultaneously with the rlce crop,
using an inocculation rate of 0.1 kg/mz. He obtained zull
coveraze in 20«30 days. Mathur et al. (1981) reported rice
yields cguivalent to 25 kg M/ha when azolla was inoculated

at the rate of 0.3 kg/ma a week after transplanting.
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according to Srinivasan (1981 b}, a minimum of
one tonne seed material/ha was necessary for dual culturing
azolla, He alsc cbgserved weed control effeect by dual
culturing of azblla in rice £ields. Behra {1982) reported
20 per cent yield increase by azollz inoculation at
1 tonne/na 5 days after planting. Kannediyan et al, (1982)
obtained yield equivalent to 20 kg fertilizer H/ha by
azolla inoculation at 0.3 kg/m2 one wagk after transplanting.
Singh et al., (1982) reported that £loating azolla controlled

veads,

Se20 Effect of dual culturing Azolla on rice vield
Kulasocoriya and de Silva (1977) reported higher

grain yield by cultu:ing\of agolla than applylng 80 kg/ha

of urea. Singh (1977 ¢ and 1973 b) observed better growth,
early flowering and increased grain yileld by dual culturing
of azolla. Talley et al. (1977) found increased rice yield
upto 23 per ¢ent by dual culturing Azolla £iliculoides and

upto 67 perf cent by Azolla mexicana in U.S.Ae

Liu (1979) recorded grecen azolla productionte tho
extent of 15«22 tonnes/ha by &ual culturing of azolla in
rice, which was eguivalent to 37=-45 kg N/ha. Arunachalam
(1980) reported that basal incorporxation of aszolla produced

the same effect as dual culturing on rice yield. ™
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Watanabe et al. (1980, asd 1981) observed f£ast growth of
azolla in the early stages of rice growth and a decline
in later stages due to shading. Singh et al. (1982)
reported that basal dressing of azolla, followed by dual
culturing during one crxop seascn preduced grain yield

comparable to 60 kg &/ha as inorganic fertilizer.

Bedo Effect of Azolla on H economy
Utlliisation of azolla is one of the important

techniques for trapping the atmospherlc N and making
available for the rice crop. Saubert (1949) showed that
as much as 313 kg N/ha/yr could be obtained through azolla
cultivation, Moore (1969) reported that 100-160 kg N/ha
could be gssimilated by azolla over a period of 3 to 4

monthse.

At IRRI, 22 crops oZ azolla harvested during 335
days with a dry weight of 8 tonnes supplied 465 kg N/ha
and this was more or less comparable to the § fixed by a|
forage legume (Anon, 1978 by Watanabe et al., 1980).
Singh (1979 a) reported that at CRRI, Cuttack, an annual
proéuction of 331 tonnes of green material contalning

840 kg i/ha/yr could be made available in rice cultivation.
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Gelde N _econcmy throuah dual culturing

Watanabe (1977) reported that azolla was a self-
supplying N fertilizer scurce for rice farmers and he
recommended azella dual culturing with P at the time of

transplanting,

Rains and Talley (1978) observed yield response
equivalent to 90 kg N/ha by simultancous baszal incorpora-
tion of Azolla £iliculoldes with dual culturing of
Azolla mexicana. This substituted a major porticn of the

N reguirement of paddy.

Liu {1972) reported a saving of 37=45 kg N/ha by
dual cu;turing. £ollowed by incorporation after 15-20 days,
Govindarajan et al. (1979) could save 25 kg N/ha by azolla
inoculaticn at tﬁe rate of 0.3 kg/mz seven days after
transplanting and incorporating it on the 22nd day. The
game results were also obtained by Mathur et al, (1981)y

Srinivasan (1981 a) and Mathew Kutty {(1983).

ancn, (1980) concluded that dual culturing of
azolla in wide double row spacing of rice led to an
accunulation of about 70 kg N/ha. Patil et al. (1980) £rom

multilocational trials reported that inoculation of 1 tonna/ha
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of azolla at planting followed by incorporation at 20

days later, econcmlzed 30 kg fertilizer N/hae

Inoculation of azolla for dual culture during
the 36 days before and after tranaplanting rice supplled
119.7 kg ¥/ha in total (Lizhuo-xin, 1982). Singh et al.
(1982) obtained a saving of 30 kg H/ha by dual culturing
azolla alone. They also obgerved an econcmy of 60 kg N/ha
by basal incorporaticn and dual culturing. Similar

results were obtained by Mathew Rutty (1983).



MATERIALS AND METHODS



MATERIALS AND METHODS

an investigation was carried out to study the
‘pfficiency of azolla for weed control in Rice ecosystem’
during the Rharlf season (First crop) of 1982, The

materials used and methods adopted are detailed belows-

i. Location of tho experimont
The experiment was lald out at the Agronomic
Research Station, under Kerala Agricultural University,

Chalakudy in Trichur district, Kerala.

The Research Station is situated at 100, 2D'North
and 762, 20" East latitude and at an altitude of 3.25

metres above mean g2ea level.

i.1.  Soil
Data on the physical and chemical proPefties‘oﬁ
the soil where the trial was carried out are given in

Table 1.

2e Cropping history of the field

The experiment site was under a bulk crop of rice

for the previous two 8casons,

e Saason
The experiment was laid out during the first crop
season (Kharif) of 1982-'83, The crop was transplanted on

19.7=-1982 and hervested on 5-11-1932,



Table 1,

19

Physical and chemical properties of

the seil of the experimental £ield,

Ao

Be

Physical properties
1. Mechanical composition

Coarse sand
Pine sand
811t

Clay

2. Bulk density
3. Fleld capacity

4. Infiltration rate

Chemical properties
(i) Total nitrogen

(2) Available Phosphorus
(3) Exchangeabla Potassium

(4) pH

60,3 per ceﬁt
18.3 per cent
8.8 per cent

12.4 per cent
1.46 {(g/cc)

16,7 per cent

0.8 mm,/hr

0.0253 per cont
25,576 ppm

26 ppm

57




Al

4e Weather conditions during the croopning paxicd

Data on weather parameters are pregented in

Appendix I.

5 Treatment details

The e¥periment consisted of combinations of &

levels of azolla inoculation in the main plot and
levels of methods of waed control in the sub plot

detalled beolow.

5.1, Main plot treatments

A0 e« no azolla inccplation

Al « azolla inoculation @ 0.1 kg/mz at
time of transplanting paddy.

A2 -« agzolla inoculation @ 0.2 kg/m2 at
times of transplanting paddy.

A3 - azolls inoculation @ 0.3 ko/m® at
time of transplanting paddy.

A4 - azolla inoculation @ 0.4 kg/’m2 at
time of transplanting paddy.

AS - azolla inoculaticn @ 0.5 kg/'m2 at

time of transplanting paddy,

4

as

the

the

the

the



a1

Dels s5ulr plot treatments

W0 - Unweeded centrol.
Wl = Caomplete weed control.
W2 = Handweeding 15 days after planting.

W3 - Handweeding 15 and 30 days after planiting.

These notations will be used in the results and

discussion,. : ~
6. ﬁesign and layout

\ The experiment was lald out in a split plot design
with 3 replications. The layout plan of the experiment is
given in FPig.l.

7. Variety

- The varlety Jaya was used for investigatien, It is
a medium duration (120-125) gays phnoto-insensitive variety
released £rom All Iﬁﬂia Co=crdinated Rice Improvement

Project, Hyderabad.

218 Plot size

2

The grogs plot size was 20425 m® (5 m X 4,05 m)

with a net plot size of 11.88 m°> (3.3 m % 3.6 M)« A

sampling area of 4,05 mz

(4,05 m x 1 m) waeg left as a
strip to facilitate weed sampling, Destructive sampling
of the crop wag aleo done from this sampling area., Two

rows of plants were left as border rows all arocund the plot.
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9.  Spacing
The spacing adopted was 20 cm in between rows and

15 cm within the rows,.

10. Detailes of field operations

The package of practices of Keorala Agricultural.
University for cultivation of rice (aAncn., 1978 a) was

followed.

The main £ield was ploughed, puddled and levelled.
20 day old seedlings of wniform growth were planted at the
rate of 2 seedlings per hill on 19-7-1982. Gap £illing

was done on tha'seventh day of ¢ransplantinge.

2 5 cm continuocusz submergence was maintained in
the £ield f£rom the date of planting upto 10 days keforo
harvest. Bamboo tubes £itted with wire mesh at one end
were used to avoid the loss of dual cultured azolla and to

drain the water vwhen reguired.

10,1, Apnlication of fertilizers and lime

A uniform per hectare dogse cf£ 90 kg U as uréa,
45 kg 9205 as single superphosphate and 45 kg'KZO as
Muriate of Potash was applied, Half the dose of N and K
and £ull dose of P were applled as basal dose and the
remaining half of N and K as top dressing at panicle

initiaticn stage.
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Lime was applied to all the plots in two splits,

vize, 350 kg/ha as basal one week before transplanting
and 250 kg/ha 30 days after planting,

10.2. Application of azolla

Azolla pinnats was used f£or dual culturing with
rice, It contained 92.3 per cent molsture, and on dry
walght basis it accounted to 3.10 per cent total nitrogen,
0.48 per cent total Phosphorus and 1.63 per cent total
Potassium., Azolla was multiplied in plots of unifornm
fertility ocutside the experimental area. Inoculation oi
fresh azolla ag per treatments Woas done ¢n the very noxt
day after transplantlng rice for the purpose of dual

culturlng.

10:.3, Heedlng

Hand weedlng was done for the plots as per the

veeding treatmonts,

10.4, Plant protection

Carbaryl 0.2 per cent was sprayed 20 and 40 days

after planting for the control of case worm and leaf Zeller.
10,5, Harvest

The crop was harvested after a period of 129 davs

from the date of sowing,
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i, Obgervations recorded

1t.1. Observations on the crop

1l.1.a, Growth characters

Periocdic observatlons were recorded on randomly
selected 3 sample units of two hills x two hills in each

plot as suggested by Gomaz (1972).

1l.1.9¢l. Height of the plant
Height of the plant was recorded £rom the base of

the plant to the tip of the top most fully opened leaf at
mazimum tillering and panicle initiation stages and £rom

the base to the tip of tallest panicle at hazvest.

11.1.a.2+ Number of tillers

‘Total number of tille;s of all tﬁa 12 hills at
maximum tillering stage was recorded and expressed ag
tillers per mZ, Total number ¢f panicle bearing tillers

at harvest was also recorded and expressed as paniclea/mz.

13.1.803. Leaf ares index

Leaf arca index was calculated by adepting tho
method suggested by Gomaz (1972) . Four sample hills wexo
uprooted from the destructive now earmarked for the sane
and leaves were removed frém plants for measuring leaf area.
Leaf area index was computed using the constant 0,75 at

maximum tillering and panicle initiation stages.
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11.1.,b, Yield attributes and yield
11.1i,b.1. Humber of Eaniclesémz

PTotal number of panicles from the 12 hills
gelected were counted and numbetr of panicles/m2 wvas

computed.

11.1.be2, Number of £illed gralns/panicle
The main culm (centre) panicle from all the 12
hills were thrashed and number of £1lled grains (£) and

vweight of £illed grains (w) were determined.

The rest of the panicles from 21l the 12 hills
vere also threshed and weight of £illed grains (W) was

assegsed,

From thess data numbet of f£illed grains/panicle
was calculated using the formula given beléw (Comaz, 1972).
Humber of £1lled grains/panicle = £ x(d + w) vhere p is
$he total number of panicles from 211 thg 12 hllls.

11.1.be3. 1000 grain welght

From the values obtained for caleulating the numnber
of £illed grains per panicle, 1000 grain weight was
calculated and adjusted to 14 per cent molsture using the
formule given by Gomaz (1972).

1000 grain weight = 100-M x w x 1000

86 £
where M 13 the molsture content of filled grains,
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11.10bn4. Grain Eield
L Welight of graln was racorded for the net harvested
plof area, adjusted to 14 per cent moisture and expressed

as vield per hectare,

11.1,.b.5. Straw yield
Straw harvested f£rom the net plot was uniformly
dried in sun welghed and expressed as straw yileld per

hectare.

11.1.,¢., Hacvest indox

Harvest index was worked. ¢out by dilviding tha weight
of grain per hectare (Economic yield) with the total yicld

of grain and straw per hectare (Biological yield),

11.2+ Obhservations on weeds
The weed species growing before and during the

experiment in the £ield were collected and identified.

11.2.2. Dry matter production of weeds

Three weed samplings were done in all plots from an
area of 0.5 m2 in the sampling area at an interval of 15
days from the date of transplanting and the £inal weed
gsampling was done at harvest in the game manner. The weeds
£rom 0.5 m2 area werc dried in an hot air oven and weight
noted,
11.2.0, Heed index

Weed index denotes the reduction in yileld Que o
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the presence of weeds, in comparison with the plot with

no weeds {complete weed controel) .

Waed index was calculated using the formula

suggested by G1ll and Vijayakumar (1969).

Wi = (% 2 100
¥

Wi = HWeed index
® = Gprain yield from weed free ploi,
Y = Grain yleld £zbm_the plot (treatment) for

which index is calculated.

12. Chemical stwdies

12.1. Uptauke of H, P and K by crop and weeds at harvest

The ¢grain samples, straw samples and weed samples
at harvest were oven dried, ground in a wiley MALY and was
analysed fox N, P and K and their uptake worked out hLy
multinlying with the respective dry weights. Crop ustako
of B, P and K at harvest was cxpressed as the sum tobal of
grain and straw uptake, The plant analysis for H, P and B

was done as detailed below,

12.1.a. Zotal anitrcoon
Total niltrogen was anelyvsed by adopting tho
Microkjeldahl digestion method as suggested by Jackson (1967).
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12.1.be« Total phosphorus

Phosphorus concentration of the plant sample vas
estimated in triple scid (9:2:1 of HNO,, H,50, and HelO,
respectively) extract of the sample by developing
vanadomolybdophosphoric acid yellow colour (Jackson, 1967) .
The intensity of colour developed was measured using

Klott-Summerson vhotoelectric colorimeter,

12.1.c. Total potasslum

Total potassium concentratlon was asscssed in

tripke acid extraction using ECL Flame Photometer.

12.2. Crude protein content of grain

The nitrogen concentration of graln was estimatacd
and the protein content was computed by multiplyliag the N

concentration by the factor 6.25 (Simpson et ale., 1965).

13. Soil anniysis

Soil samples were drawn f£rom the £ield prior to
planting and immediately after harvest and dried in the

shade and processcd before analysing.

13.1. Total N

Total nitrogen was estimated using Microkjeldohl

digestion method as suggested by Jackson (13967).

1
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13.2. Availabla P

Available Phosphorus wag estimated by extracting
with Bray Ho0.l1 solution and thereafter developing chlorg-s
molybdic acid blue colour and reading on Klett-Summerson

Photoclectric colorimeter {(Jackson, 1967).
13.3. Available K

Avallable Potassiun was leached with one normsl
neutral ammonium acetate solution and estimated using

EEL Flame Photometer.

14. . Statistical analysils

Statistical analysis was dene using the analysis
of variencé technique for Split Plot Design as described

by Panse and Sukhatme (1978).



RESULTS



30

RESULTS

The observations recorded were statistically
analysed. Results cbtained are prasentad below with
mean values in Tables 2 to 28 and the analysis of

yariance in Appendices II to Vi,

I Qkgervaotions on Crop
1.2, Growth and Growth characters

1.1.a. Height of plants
Data on mean height of plants at maximum tillering

panicle initiation and harvest stages are presented in

Tables 2, 3 and 4 and analysis of varilance in Appendix II,

Results revealed that at any of these stages plant
hichht was not significantly influenced by the various
treatments or thelr intoraction, However it was observed
' that among the azolla applied treatments AS recorded the
maximum helght at all stages and AD the lowest. It was
also seen that unweeded control recorded the lowest height
and the differences between othe weed control treatments

were negligible.

i.1.be Humber of tillers

Data on mean tiller count at meximum tilléring
stage is given in Table 5 and analysis of varlance in

Appendix II.
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Table 2. Height of plants (cm) at maximum tillering
stage.
W0 Wi w2 W3 Mean

A0 43,55 45.22 44,465 44,21 44.41
Al 47.22 47.44 48,87 49,21 48,19
A2 44,77 46,11 44,87 45,77 45,38
A3 48.87 47.67 47.75 48,20  48.13
A4 4§.11 45,2 46,59 456,99 46,27
A5 ) 49,10 42,82 46,87 49,97 48,54
Hean 46 60 46,92 46 .63 47.39

A= NuSe AXHl - NeSe

W - N.S.
Table 3, Height of plants (em) at Panicle initiation

stage.

WO Wl W2 - W3 Mean
AD 52,99 56,77 53.66 91,11 53,63
Al 55,87 50,99 58422 58,77 57.96
h2 53,65 54,54 55.78 54,55 54,63
A3 : 53,75 53,20 58 .55 58,55 56401
A5 56499 58,78 58,99 59,91 58467
Mean 54439 56453 57,09 56,08

A = NeSe Axd = NoS,

W = MNeSe
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Table 4. “"Height of plants (om) at harvest.

WO Wi Wa W3 Mean
A0 59.67 67.37  64.17  59.87  62.77
al 60 « 20 65.40 64.70 66.67 64.24
A2 65.43 63487 60647 65,17 63.74
A3 63.07 61.83 67.43 62.63 63.74
a4 63.40 64.73 64437 64 .40 64.23
AS 61.57 668,73 61.47 65 .90 65442
Mean 62022 65 ¢ 32 63.77 66477

A - N.S. Axi w eSS,

W o NaS,
Table S. Tiller count (No./mz) at maximum tillering

stage.

WO w1 W2 W3 Mean
AD 191.78  236.89  195.55 220.11 213.33
Al 244.44  266.44 240,22 217.78  242.22
A2 233,33 217.77 262.22 236.66 237.44
A3 250.66 243,33 277433  247.77 254.77
Ad 236.88 263,44 221,99 252,44 243.44
AS 288.44 240.66 259.77 296422 271.27
Mean 240,92 244.59 242.84 246,67

A - NoS.

H = N&Se

AW = NeSe
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Tiller count at maximum tillering stage was not
significantly influenced by the treatments or-interactions.
However, among the weed control treatments WO recorded the
lowest tiller count. It may be further seen that the
magnitude Of differences between weaed control treatments
Wwers not much when compared to that between azolla trezt-

menta with respect to tiller count.

1,1.,¢. Leag area lndsx ‘DAI!

Mean values of leaf area index at maximum tillezing
and panicle initiation stages are presented in Tables & aﬁﬂ

7 and analysis of variance in Appendix II.

It can be seen that at both stages, Leaf area index,
eventhough not significant, shoved a definite trend with
respect to azolla application. Treatment AS gave a higher
LAI at both tha stages. The increase in LAI due to an
increase in the rate of azolla incculatlon was more marked
at panicle initiatien stage than at maximum tilllering stage,
Among the weed control treatments Wl recorded the maximum

LAl at both stages,

1.2, Ppot _harvest obgservations

le2eas Yield components

Data on yield components such as number of panicles/mz
number of £illed grains/panicle and 1000 grain weight are
presented in Tables 8, 92 and 10 and analysis of variance in

Appendlx IIX.



34

Table 6. Leaf areca index at maximum tillering

stage.

W Wi w2 W3 Hgan
AQ 0.4315  0.3866  0.3833 0,3016 0,3758
al 0.4188 0.3626 0.3150 0.448B3 0,3862
A2 0.4088 0.4318 04407 0.5152 0.4435
A3 0.4710 0.4589 044900 0.,4320 0.4630
A4 0.3663 0.5999 0.5015 00,4062 0,4685
as 0.4610 0.4995 044297 0.5591 0.,4873
Hean 0.4862 0.4566 044272 0.4437
y i

A - NaSe A - N.So

"’ A d N . S ]
Table 7, Leaaf area index at panicle initiation

) stagee. ’

v0 Wi Ha W3 . Mean
A0 0.5212 0.7217 0.7359 0.3665 0,6363
Al 0.6179 0.6310 0.6863 0.6324 0.6419
A2 0.6673 0.6248 07294 0.7575 0,6947
A3 0.6024 0.7995 0.7465 0.7636 0,7155
Ad 0.7168 0.7712 0.7001 ©0.7413 0,7323
AS 0.7194  0.9102 0.6004 0,8387 0.,7672
Mean 0.6408 0.7347 0.6998 047166

A - N . S ° AXW - N ® S L]

H - N.S.
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Table 8. Humber of panicles/ 2.

WO Wl wa W3 "lean
a0 196.67 247,78 198,55 202,22 211,31
al 211,11 241,11 203,88 253.33 228.61
A2 213,33 214.44 253,33 222,22 - 229.83
a3 232,22 233,99 272422 224,44 242,22
Ad 254 .44 284444 21i.11 245,35 248,33
A5 264,44 289,59 231.11 245,66 258403
Mean 228.70 252,96  229.20 232,40

A =~ HeSo CeDs (0,05) AxW - (71.53)

.H -— leo '
Table S. Number of £illed grains/panicle.

W0 Wl W W3 Mean
AD 32,00 32,60 43,60 37,30 364308
Al 35.30 38.60 35,80 37.30 36,75
A2 32,90 40.80 33.90  40.40  37.00
A3 37.70 36410 42,90 37,00 38,43
A4 34.80 47490 46420 41,20 42,53
AS 36480 52440 44.80 41,90 43,98
Mean 34,92 41,40 41.20 39,18

A = N.S. A%l = NoSe

=

]
=
.

7]
s
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1.2.8.1. Nunber of panicles/m2

pata showed that only the interaction between
azolla énd different weed control treatments were signi-
ficant with regard to the number of paniclea/mz. However
a clear trend was seen in the case of azolla levels,
though not statistically significant. Azolla treatments
géve a progressive increase in panicle number from A0 to
AS with regard to the weed control treatments 111 recorded
the maximum number of panicles/mg. All other treatments
gave more or less the same panicle number. The intercction
effects followed almost the same pattern of main effects.
interaction effects ASW1 and A4Wl gave significantly
. higher panicle number than many other combinations. AQUO

recorded the lowest number of panicles/mza

1e2.8e2. Number of £illed grainsdganicle

Number of £1lled grains/panicle was seen to be
influenced by azolla as well as veed control treatments,
though not statistically significant. There was a steady
increase in the number of f£1illed grains/panicle from
azolla treatments A0 to A%, With regard to weed control
treatments, W1l recorded the maximum value and WO the
minimum value. HW1 and W2 showed nearly egual values,
follcwed by W3. The interaction effect also was not

significant.
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1.,2,a43. 1000 grain weight

Results showed that there was significant variaticn
among the waed coatrol treatments with respect to 1000 grain
welight. The maximum waight was recorded by Wl. Azolla
application also gave a definite trend, though not statis-
tically significant. Maximum 1000 grain wWeight was recorded
by aS5.

l.2,b, XYleld
1.2,bele Yield of grain

Mgan grain yi=ld data are bresented in Table 11 and

analysis of varlance in Appendix III,.

Results showed that there was significent diffcrence
between azolla treatments as well zs weed control troataents
with respect to grain yield, However the interaction was
not significant. Among tho azclla treatments, the higheot
vleld waz cbtained at AS and the lowest at A0 level,
Treatments A3 and A9 vere on par and gave significeritly
higher yield than A0. I% was zlso seen that the. treatment

hS was significantly superior to Al.

As £ar as weed control treatments are concerncd 'l
recorded the highest grailn yield and was significantly
superior to all other treatments. Treatments W2 and W3

recorded significantly higher yield than W0 which recorded
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1000 grain weight (g).

WO Wl wWa W3 Mean
AD 20 410 22,18 23,43 20,13 21,46
Al 20,93 26 466 23.12 22,55 23,32
A2 23472 24,26 25 .69 21,85 23,86
A3 26455 24425 21,91 23,30 24,00
a4 25,36 26 446 24435 23,25 24.86
A5 20.84 29,19 23,85 25,77 24,92
Mean 22,92 25,50 23,73 23,81

P. - N.S. Ax'ri - N.So

CeDo (0405) W ~ (1.08)
Table 11, CGrain yield (kg/ha).

Wo Wl W2 W3 Mean
AD 2026444  3251.55 2693.61 2120.33 2525.47
Al 2214.50 3688,22 2788,22 2422,73 2778.42
A2 24764,20 3394,86 2255.64 2568.93 2673.91
n3 2286.97 3701.20 2818,30 2950,88 2939,34
Ad 2255,64 3668.93 2652,47 2768.01 2836.26
as 2787.60 3605427 2694.24 3147.56 3058.92

2050.41

CoDe

(0.05) W -
M‘q - N.S.

(197.62)
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._fhé-iowest grain yileld, Among the treatments W2 and W3,
the lattor one gave numerically higher yileld, though not

gignificant.

1.2.6,2s Yield of straw

Mean straw yield data ave presented in Table 12
and analysis of varlance in Appendix IXI.

_ Resulis shéwad that the difference between azolla
‘treatments was not significant with respect to straw yleld.
However an increase in straw vield was noticed along with
theo increase in the levoels of azolla inoculation, Aé
racorded the maxzimom straw yield, among the weed congrol
traathents, the kichest straw yleld was rooorded by al,
which Qas significently superlor to WO and W2. It was alsoe
observed that W3 was significently higher than W2, Treate
ment W0 gave the lowest straw yleld. The interaction effoct

was however not significant.

1.2.C. Hapvast Aindex

Mean harvest indices are given in Table 13 and

analysls of variance in Appendix 11X,

The data revealed that there was no significant
difference betveen the treatments and the intcraction
effects with respect to harvesi index. However maximum

harvast 1index was obtained by the asolla treatment KD and
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Table 12, - Straw yield (kg/ha).

Wo Wl Wa W3 Hean
AD 1566.42 3240.43 1879,70 2819.55 2376,.54
al 3550454 3587.26 3383.45 3132,83 3413.52
A2 3362.57 3482.83 3801.17 3929.55 3644.03
A3 2715.12 4492,73 3654.97 3550.54 3603,34
hrd 1775,26  3359,23 2819.55 2955.75 2729.95
a5 4177.11  4812,53 3947.37 5430.24 4591,.80
Mean 2837.84 3829,17 2969.23 3639.08

A - NnS. i

CeuDs (0-05) W o= (464.81)

A:-EW b d N.S!
Table 13. Harvest index.

Wo vil W2 W3 Mean
A0 0.564 0,501 0,589 0,430 0521
al 0.384 0.507 0,452 0.436 0.445
a2 0.424 0,494 0.372 04395 0,421
A3 0e457 00452 0+435 0.454 0.450
Ad 0,560 0.522 0.485 0.483 0.513
AS 0.400 0.428 0.406 0¢367 0.400
Mean 0.465 0,454 0,457 0,428 '

A - N.s. AKW - N.S.

}a - N.Sn
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the minimum harvest index by treatment AS. With respect
to the weeding treatments Wl recorded the maximum hasvest

index. This was closely followed by the treatment WO,

2e Chemical studies (CROP)
2.1« N, P and K uptake at harvest

Data on uptake of N, P and K by the crop at harvest
are given in Tables 14, 15 and 16 and analysis of varlance

in 2ppendlx IV,

2.l.a. I uptake by crop at harvest

Results presented showed that the effect of azolla
was non significant with respect to N uptake by the czaop
at harvest. However a trend was observed where the movimum
N uptake was recorded by the treatment AS and the minimun
by AG. The weed control treatment W1l recorded the maximum
N uptake and was significantly superior o W0, VW2 and Wi.
WO recorded tho lowest uptake. Among treatments W2 and W3
latter recorded a numexdcally higher H uptake though both

of them were on par.

The interaction effect was simnificant. The intor-
action ASW1l rccorded the highest N uptake while ADHD gava
the lowest uptake with regard to the combinations involving
Wl with diffgrent ievels of azolla, ASH1 showed 2 signlficont

cffect over AQW1l, For different weed coatrol treatman%ts at
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Table 14. N uptake by crop (kg/ha) at harvest.

w0 T Wi Wa W3 Mean
AQ 51,77 87.54 97.54 73.91 77.69
al 92,50 B7.07 68,05 76,51 81,03
A2 52,792 102,22 84,32 894,38 82.18
A3 69460 110.89 56436 B0.67 - 39.38
Ad 90,99 108,16 . 256,08 75,83 - 90,25
AD 98,435 145,16 74.67 125,60 110,24

Mean 76 467 109,58 84.50 90.24

C.D. {0005)" 7 IS (10.99)
CeDs (§o05)- Axi - (31,39),

Table 15, P uptake by ezop (kg/ha) at harvest.,

WO Wit W2 %3 Mean
A0 9,64 10,75 9,73 9,77 9497
al 7.38 11,69 8,67 13,86 10,40
a2 13.59 14,63 10,97 10,32 12,38
A3 9,72 17408 16.80 11,87 13.86
Ad 11,10 23,41 13,20 10.63 14,58
a5 15.83 17.71 13,67 12,87 15,02
Mean 11,21 15,88 12,17 11,55

CeDe {0:05) A = (3.,18)

. AW w NeSe
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the same level of azolla inoculation, a trend was obscrved
where W1 gave maximum uptake, followed by W3 and W2 in

moat of the c¢ases,.

2.1.,be P uptake by crop at harves

It could ba observed from the data that there was
significant variation among the treatments with respect to
the uptake of P by the crop at harvest., A specific trend
vas observed for the aaﬁlla treatments with A5 recording
the maximum uptake. A was significantly superior to AD
which recorded the minimum uptake., Treatment A5 was on par

with A2, A3 and A4,

The weed control treatment W1l recorded the highest P
uptake at harzvest and was significantly superior to all
other treatments. WO recorded the lowest uptake, Treatmenis
W2 and W3 were on par. The interaction effect was non-signi-

£icant.

2.1.ce K untake by crop at harvest

As regards K uptake, the effect of azolla inocoulation
was not significant. But a trend was observed where AS
recorded maximum uptake and A0 minimum uptake. The weo
control treatment Wl zrecorded the highest K uptake and wag
significantly superior to W0, W2 and W3, WO recorded the
lowest uptake, WZ and W3 treatments were on par. Howevor

W3 recorded a numerically higher K uptake than W2,
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Tha interection offect was also significant. ASH1
recorded the maximum and AoWQ tha minimum K uptake values.
ASHWY was significantly superior to most of the othear intcr-

action eficcts,.

2e20 Crude protein content of grain

Mean data on crude protein content of grain are
presented in Table 17 and analysls of variance in
Appendix VI,

The results showed that only the azolla treatmonts
and interaction effects vwere signifiicant with respect to
protein content of grain. The treatment AS recorded tho
highest protein content and was significantly superior to
A0, Al and A2. But A5 was on par with A3 and Ad. AO
recorded the lowest protein content of grain. The wecd
éontrol treatments, though non-significant, showed a
definite trend with respect ©o protein content of grain.

Wl recorded the highest protein content, followed by VW3 ecnd

W2. W0 rocorded the lovest content,

The combination ASHW1 recorded the maximum protaln
content and was significantly supsrior to all othor
interactions involving W1l with the azolla treatments, except

AJHL with which it was on par.



49

Table 16. K uptake by crop (kg/ha) at harvest.

WO Wl 2 W3 Mgan
A0 46,07 107.86 49,51 B88.09 72.88
Al 554,63 115,16 84,29 58450 80.89
A2 104.42 105,69 56,15 72,64 84.72
A3 68,88 & 107,29 106.17 72,25 88,65
A4 94.14 100.44 83,77 87.34 91,42
a5 114,66 164,96 110,62 126.16 101,56
HMean 80.68 116.90 81,75 84,17

B - eSa

CeDe (0.05) W = (12,04)
CeDe {D.05) AxWl - (45.,01).

Table 17. Crude protein content of grain (%) .

Ho Wl wa2 W3 Mean
a0 4.004 4.431 44004 3575 4,000
al 3.148 4.004 4,963 4.432 4,110
A2 4,431 4863 4,860 4,004 4,540
A3 4,719 6575 4,431 4.431 5.040
Ad 6o148 4004 4.860 . 6,150 5,290
AS 34575 7.436 50290 6.148 5,620
Mean 4,340 5220 4,720 44790

COD. (Q.OS) A - (0.796)
'FI - N.s.
CaDe (0:05) AxW - (1,691).
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Je Ohservationg oh Weeads
3.1, Weed specles

The ccommon weeds found in the experimental £icld
weres Echinochloa Sppe., Cyperus sppe. Dimbristylis milincen,
Monochoria vaginalis,

3.2, Dry matter production of weeds

Mcan data on dry matter production of weeds at
different. stages are presented in Tables 18, 19, 20 and 21

and analysis of varilance in Appendix V.

Results presented showed that at all the stages thae
treatments and interaction effects were significant with
respect to dry matter production of weeds. With regazd to
azolla treatments AS recorded a lower dry matter produciion
than other a=zolla treatments at all the stages, while AD
recorded the highest dry matter production of weeds. I vas
observed that at 15 days aiter planting, treatments Al, A2
and A3 vere on par and gave significantly higher weed dry
matter production than AS. Treatments A4 and A5 were also
on par. At 30 days after planting oniv the treétmant AS gavo
a significantly lower dry matter production than the othor
azolla treatments, At thls stage, treatments,Al, A2, A3
and A4 were on par. At 45 days after planting, treatments

A4 and A5 were on par and gave lower dry matiter production
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Table 18, Dry matter production of weeds
(gmwmz) {15 DeAJP) .«

WO - Wl W2 W3 Hean

A0 7927 0 64450 69453 53,33
(1.90) (0) (1.81) {(1,84) (1,73)
Al 12.07 0 9,60 5,03 6,68
(1,08) (0) {0.93) (0+70) (0.82)
A2 8,80 0 653 4,77 5,03
(0.23) (0) {0,81) {0.68) (0,79)
A3 10,07 0 6.+80 2,33 4,80
(1,01) (C) (0.83) (0,37) (0,68)
Ad 5e37 0 40,17 2¢53 3,02
(0.73) (0) {0.62) {0.40) (0.48)
A5 3,77 ¢ 2.23 2422 2,06
(0.58) @0) {0.38) (0,33) (0e31)
Mean 19089 Y] 15.64 14&41
(1.32) {0) (1,19) (1.,14)

CoDe{0c05) A = (0,28) CoDa(D0s08) W - (0.14)
CeDe (005) AW = (0.42)

Table 19, Dry matter production of waeeds (gm/ma) (30 DL.AGR)
WO W1 W2 W3 lean
AQ 112.00 0 63.33 "52,00 565483
(2.05) (0) . (1.80) (1,72) 1.73)
Al 2.64 0 1,13 3.73 3.63
(0.98) (0) (0.03) (0.57) (0.57)
A2 8.50 0 1.01 3493 36356
(0.93) (0) (0.01) (0.59) (0.54)
A3 9400 0 0 7420 4,05
(0.93) (0) (0) (0.86) {ne61)
Ad N, 677 0 0 4.87 2.9
(0.83) ()] {0) (0.69) (0.46)
AS 3,10 o 0 1.50 1,15
(0.49) (0) (0) (0.18) (0.06)
Hean 24.84 v] 10.91 12,12
(1,39) (0) {1,04) (1,08)

CeDa(0,05) A = (0,36) CeDe{0,058) W = (0,20)
CeDe (0 -05) AYH = (0.54)
(Loga transformed £igures given in parenthesis)
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Table 20. Dry matter production of weeds (gm/mz) (45 DeAaF}
WO Wl B2 W3 Mean
Al 200,47 0 136,07 74413 104.67
(2,32) . (D) (2¢23) (1.87) (2.02)
Al ‘ 58,55 0 45493 28,87 33.34
(1.77) () {1,66) (1.46) (1.52)
a2 20,70 0 T.93 13.60 10.56
(1.32) (0) (0.90) (1,13) (1.02)
A3 20,17 0 8,90 7.60 Sel7
(1.30) (0) (0.95) (0.88) (0.96)
Ad 4473 0 0 2477 1487
{0.57) (0) (0) (n.44) (0:27)
AS 2080 0 4] 130 1,02
(0.45) (0) (0) (0,11) {0.01)
Mean 52457 0 33,14 21.36
(1.73) (0) (1.51) (1.,33)

CeDoe (0.05) A = (0.27) (CeDe (0,08) W = (0,20)
CeDe (0.05) AR - (0048) -

Table 21, Dry matier production of weeds (gm/mzl (Harvest)
WO Wl Wwa | W3 Mean
A0 271,67 ) 208433 130,00 152,50
(2,43) (0) (2.32) (2.11) (2.18)
al 157,20 0 77467 78,00 117,52
(2.20) (0) ° {1.88) (1.89) (2.07)
A2 143,27 O 84.67 55,27 70430
(2,186) (0) (1,93) (1.74) (1.83)
A3 115,57 0 49,00 81,53 61.53
(2.06) (0) (1.69) (1.93) (1.79)
A4 111,07 0 92,87 36,433 60,07
(2404) (0) (1.97) (1.56) (1.78)
AS . 55,79 0 900 44,33 27.28
£2.72) (0) (0.94) (1.65)  (1.43)
Mean 142,43 0 86.92 70.91
(2.26) (0) (1,93) (1.85)
CeDo (0405) A = (g,31) CuDe (0403) W = (0420)

CeDs (R.05) AxW « (0,35)
(Log. transformed figures given in parenthesis)
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than the other treatments. At harvest stage Al, A2, A3
and A4 wera on par. Only the treatment A5 gave a’
significantly lower weed dry matter production than the

other treatments.

It could be cbserved £zom Fig.2 that gt 30 and 45
days after planting asolla treatments A4 and A5 gave lower
weed dry matter production than at 15 days after planiing.
The treatmsnt A0 recorded a marked increase in weed dry
matiter productlion at 45 days after planting and harvest.

At 30 days after planting Al recorded a lower weed dry
matter than at 15 days after planting, whereas at 45 days
after planting and harvest weed dry matter production uas
higher than at 15 and 30 days after planting in the case

of al. The same trend was observed in the case of A2 and A3,
Azolla treatments A4 and AS generally recorded lower weced
dry matter proiuction than the other azolla treatments at
15, 30 and 45 days after planting. Dry matter production

0f weeds at harvest was always at a higher level than the

other stages for all the azolla treatments,

With regard to weed control trestments WO recocded
maximum dry matter production of weeds and gave significantly
higher values than W2 and W3 at all the atages. Treatmentso

W2 and W3 were on par among themselves, though W3 gave a
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numerically lower weed dry matter production at most of the
stages. Wl recorded lowest dry matter production at all the

stagep.

The interaction effect AQWO recorded maznimum weed
dry matter procduction at all the stages and gave significantly
higher values than A3iW0, A4W0 and ASHO. Treatments AdH2 and
ASW2 recorded the lowest weed dry matter production at 30 and

45 days after planting.
Jeda Weed index

Mgan data on weed index are presented in Table 22 and

analysis of variance in Appendix V.

Results presented showed that azclla treatmznts wero
significant with regard to weed index, A progressive dccreasc
in wveed index was noticed as the level of azolla inoculation
increased from Al to AS. Treatment A0 recorded the maxnimum
weed index. Treatment A3 recorded significantly lower weed
index than AD and it was on par with A4 and AS5. However AQ,

Al and A2 were on par amonyg themselves.

With regard to weed control treatments W0 recorded
the highest weed index and gave a significantly highcer value
than Wi and W3. Wl recorded the lowest weed index. W2 and
W3 were on par among themselves, eventhough W3 gave a
numerically lower weed index than H2. The interaction cfiecct

wvas non-=signlficant,
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4, Chemical studies (WEEDS)
4ela d, P and X uptake by wezds at harvest

Mean data on #, P and K uptake by waeds at horvest
are presented in Tables 23, 24 end 25 and analysis of

variance in Appendix VI,

4.1.a. N uptake by weede at harvest

Data revealed that the treatﬁents and interaction
efiects wereas significént with zespect to § uptake by weeds
at harvest. Azolla treatment A0 recorded significantly
highexr H uptalke than the other azolla treatments. AS
recorded the lowest uptake. Treatments Al, A2, A3 and A¢
were on par. With‘;egard to Wweed control treatments WO
recorded significantly higher N uptake than tho othes
treatments, W1 recozded the lovest W uptake by weedSa

[+
W2 and W3 were on par among themselves.

Regarding the interaction effects, A3WN0G, ALO and
ASVW0Q recorded signifiicantly inferior N uptake values When
compared to AOHO. ASHO recorded the lowest N uptake'amOng
themn, The same effect was aloo observed in thedintafactian
effects ilnvolving weeding trecatments W2 and W3 élao.‘ There
was no signiflicant difference observed between the various
combinations involving azolla treatment A4 with the weeding

treatments. The same cEfect was seen in the cagse of
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Table 32. Weed index
WO Wi W2 W3 Mean
AD 70« 20 0 46,88 23.26 35,09
{56 ,91) (2.87) (43.,19) (28.81) (36.29)
al 62465 () 28,04 25,75 29,11
{(532,31) (2.87) (21.,95) (30,48) (32.65)
A2 50,00 0 20417 32,54 25,60
(45,13) (2,87) (26.67) (34.76) (30,42)
a3 12,93 0 50,36 20,35 20,91
(21.05) {(2.87) (45.18) (26,82) (27.32)
A4 22492, O 32,82 " 4452 15,07
(28.59)  (2.87) (34.94) (12.25) (22.81)
AS 9.23 0 15,97 19.14 11 .09
(17.64) (2.87) (23.51) (25.92) (12,41)
Hean 37,99 0 32,37 2093
(38,03) (2.87) (34,653) (27.,20)
CeDs (0,05) A = (8.34) CeDs (0605) W = (9,12)
AW = H.S. ' ' ,
(Angular transformed figures given in parenthesis).
Table 23. & uptake by weeds (kg/ha) (Harvest)
W0 Wl W2 W3 Mean
a0 38,401 o 36,331 30,180 26,230
Al 25,281 0 13,193 10.076 12,140
a2 23,582 ") 13,345 B.121 11,260
A3 19,228 0 " 7.780 13,683 10,170
Ad 16,902 0 14,498 6¢947 9.590
A5 8,901 0 1,337 6,786 4,350
Hean 220050 0 14;420 130630

CeDs (005} A = (11,57)
CCD. (0005) Axw (15.86)0

CoeDe {0:058) 17 « (7.20)
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Table 24. P uptake by weeds (kg/ha) (Harvest).

WO Wl W2 w3 Mean
AD 8.890 0 7.509 4.308 50180
Al 64685 0 3,036 3,261  3.250
A2 5.431 0 2753 2,747 2.?BQ
Ad 4,407 o 3.917 0,997 22330
ad 4,565 0 1,678 2¢846 2.270
AS 1,547 0 0.277 1.73% 0890
Mean 5.250 0 3,190 2,650

C'D. (0005) A -~ (200“)

CeDa {0405) W = (1,07)

CeDa (0005) Axi - (2599) .
Tabla 25. R uptake by weeds (kg/ha) (Harvest)

50 Wi B2 W3 HMean
- a0 47,570 V] 35,400 18,353 25,330
Al 26,664 0 13,502 14.740 13,730
AZ 25,417 0 10,043 16.243 12,930
A3 31.577 0 10,375 8.915 12,720
Ad 19.350 0 20.115 5,710 11.290
AS 11,220 1) 1,552 10.510 5820
Mean 26,970 0 15.160 12,410

COD'— (0005) p=y o (7037)

CeDs (0,08) W

CQDQ LGQOS) AE%W - (11,74) -



94

combinations involving A5 also. It was further obscrved
that most of the combinations inveolving weeding txeatment

13 recorded lower N uptake by weeds,

4elsb. P _uptake by weeds at harvest

Results showed that the treatments and interacticn
effects were usignificant with respcct to P uptake by weeds
at harvest., The azolla treatment AQ recorded maximum
uptake and AS minimum uptake of P. The rest of the azolla
treatments were on par among thamselves. The wesd control
treatment WO recorded a significantly hicher upteke than
the other tvveed control treatments. W1l recorded the lowest
uptake of P. W2 and W3 were found to be on par ameng

themselves.

With respect to the interaction effects, A20G,

A3W0, A4WO and ASW0 recorded significantly lower P uptake
by weeds when compared to A0 WO. ASW0O recorded the lowest
P uptake among them. The combinations involving azolla
treatment A4 with the weed control treatment wers all on
par among themaclves with respect to P uptake by wesds,

The same effect was observed in the case of combilnations
involving A5 also. 14 was further observed that the intezr~
action A3W3 recorded significantly lower P uptake by wecds

than A3W0.
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4.,1.ce X uptake by weeds at harvest

_ There was signifi&ant varistion among the treate
ments as well as the interaction effiects with respect to
K uptake by weeds at harvest. Regarding the azolla and
weed control treatments the same effect as in the case of
P uptake by weeds was obgerved. The interacticn effeets

ASKO, Aswx.laswz and ASW3 were all on par. The inter-
action effect Aéwa'recorded a significantly lower K uptake
when compared to AéﬁO-an& AgWZ, 1% was further observed
that at lower levels of azolla inoculation, the combinge

tions involving W2 and W3 gave lesser K uplake by veeds,

5. Soil anaivals

Mean values of total N, available P and exchangeablo
K are given in Tables 26, 27 and 28 and analysis of varilance

in appendix VI,
5S¢l Total &

The data revealed that the treatments and intersction
effects vere not significant with respect to total ®¥ eontent
of soll. However in the case of azolla treatments thore was
a progressive increase in total N content with the level of
azolla inoculation. AS recorded the maximum content and A0
the minimum content, The weed control treatments alse.ahowed

a definite trend with treatment Wl recording the highast
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Table 26. Soil analysis data after cropping

Total i (%) .

WO Wl W2 W3 Mean
AD 0.0271  0.0233  0,0271 0,0233 0,0252
Al 0,0271  0.0224  0.0277 0.0247 0,0255
A2 06,0259  0.0330 040200 0.0330 0.0280
A3 0.0225  0,0295  0,0319 0.,0295 0.0284
A4 0.0331  0,0402  0,0229 0.,0331 0,0323
A5 0.0249  0.,0485  0.0319 (0.0497 0.0388
Mean 0.0267  (.0328  0.0269 0.0322

A “‘" H.So AJ{W - N.S.

W o= M,38. -
Table 27. S0il analysis datas after craopping

Available P (ppm) .

WO Wl W2 W3 Mean
AD 25,68 36429 35400 42490 34497
Al 39.75 40418 37.28 28439 36440
A2 44.94 39,99 35431 41,73 40,27
A3 41,23 46 .31 40.64 34,70 40472
Y 48,64 42,22 43,70 47540 45,49
as 39,99 43,56 29438  50.37  45.85
HNaan 43,04 41044 40,22 40,93

A = N.Sl

l: - N.S.

AXW = HeSa
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Tablé 28, Soil analysis data after cropping

Exchangeabla K (ppm) .

V0 Wi 2P) W3 Hean
) 8467 14,00 11,33 12,00  11.50
Al 11,33 14,00 14,00 11,33 12,87
A2 14.67 19,33 12.00 11,33 14,33
A3 8.7 20,00 12.67 22,00 15,85
A4 13,33 10,00 17.33 24400 16.17
A5 16467 22267 16,67 311,33 16,84
Mean 12,23 16,67 14,00 15,33

% -

W -

CeDa (0405) AxW

- (7-02} [}
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total N content of soll, feollowed by W3, W2 and Wo.

Wo regorded the lowest content of total N in the ssil.‘

Se20 Aggila_gle Pa

The avallable P content of soil was not found to
vary significantly with the varicus treatments or intef-
action effects. However in the case of azolla treatmentg,
there vwas a prograssive Ilncrease in avallable P content
with the level of azolla inoculatlon. A5 recorded tho
maximum and A0 the mindmum content. The weeding treatmento
also ghowed a deiinite trend w;th Wi recording the hichest
avallapie P content of s50i), followed Ly W3, W2 and Wl.

WO recorded the lowest content.

5e3a Bxohanceablo i

bata revealad that only the interacticn effecis
had significant influence on the exchangeable K ¢ontent of
soll. The interactions ASH1l, A3Wl and A3 were on par,
ACHO recogded the lowest exchangeable X content of scil.
Wilth regard to azella and weed control treatments, the
pame trend was observed as in the case of aveilable P

content of soll.
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DISCUSSION

The maln objectives of the present investigation
are %o assess the efficienc& of azolla for weed control
in rice ecosystem, to £ix an eoptimum rate of inoculation
of azélla €or vweed control and to £ind out a suiteble
weedlng practice in combination with a particular rate oi
inoculation for rice in sandy soils, The results obtaincd

are discussed below.

L Obgervations on Cxop
1.1, Growth and Growth charactcers

1.1.3. ' Heig!ht of vnlants

The results presented in Tables 2,3 and 4 showed
that Qlanﬁ height was not significantly influenced by the
treatments., However a clear trend was observed for the
azolla treatments with the no azolla treatment recording
the minimum and agolla inoculation @ 0.5 kg/m® recoraing
the maximum height. The unveeded control had reqordeﬁ the
lowest height and the differences in height between tho

other weed control treatments are not much.

The increase in plant height occured dque to azolla
inoculation is attributed to the better nitrogen availabi.

1ity through azolla. It could also be seen from the soil N
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content {(Table 26) that azolla applied plots had recoxded
a higher N content. The data presented in Table 23 also
revealed that the uptake of N by weeds was minlmum in
plots_receiﬁing higher levels of azolla, These conditions
hight have enabled the plant to take up more N, with a
consequent increase in the plant helght, The role of H

in increasing the plant height is already well known.
Similar results of increase in plant helght due to growth
of azolla in rice fields have been reported by Singh

(1977 a,b) .

In the unweeded control the uptake of nutrients by
the crop, especlally that of nitrogen was the lowest when
compared to the other weed control treatments as obscrved
in Table 14, This i1s attributed to the higher dry matter
production of weeds (Table 21), with a conseguent enhanced
uptake of N by weeds (Tab1e123). raesulting in a lower N
content of the soll (Table 26) . All these make it cloexr
that competition for nutrients, especially nitrogen was
much in the unweeded control, with the result that the crop
suffered a reduction in plant height in this treatment.
Similar reporxts of competition for nutrients between crop
and weed, especlally for nitrogen arc available in

- lilterature (Shetty and Gill, 1974; Raveendran, 1976) .



61

l1.,i.b. Humber of Tillers

Data on tiller counts presented in Table 5
revealed that at maximum tillering stage elther the
treatments or interaction effects failed to bring about
ahy significant differences in the tiller count. Haowvever
it coculd be seen that unweeded control has reccrded the

lowest tiller count,

In the unweeded control there was maximum competi-
tion for nitrogen between weeds and c¢crop as could be seen
from Table 14 which showed that the N uptake by crop was ‘
the least in this treatment, resulting in a decrease in
tiller count. The reasons for the low uptake of N by thé
crop have already been stated. Similar reduction in tillex
numbar due to weed infestation ﬁas already been reported by

Swaln, 1867; Kjeing and Noble, 1968,

It may be further seen £rom Table 5 that the
differencoes in tiller counts hetween waed control treatments
were not much when compared to azolia treatments. This 13
likely to be due to the better control of weeds by azoclla.
This is made clear from Tables 18, 19, 20 and 21 vherein,
at most of the stages, dry matter production of weeds was
seen more influenced by azolla rather than weed control

treatments,
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1 . 1 -g . I-leaf area inﬁex SLAI!

The LAI in experimental plots was low when compared
%o the gensrally observed LAI in rice. This may be due to
the fact that the crop was grown in sandy soil of poor
fertility where the general growth rate was low. The wlder
recommended spacing of 20 x 13 cm adopted in the study might

be another probable reason fo; recording low LAI valuao,

azolla application has shown a definite trend in
increasing the LAI at higher levels, eventhough the effect
was not statistically significant. Azolla aﬁplication
a O.Slkq/m? has given the maximum LAZ. The contributing
characters for LAI are number of tillers, ﬁumber of
leaves/tillexr and the sizé of leaves (Matsushima, 1970}.
It has already been observed that number of tillers have
been increased due to azolla application. Leaf number/
tiller is almost a constant character. Hence tha only
other reason for increase in LAI is a probable increase in
the size of leaves., The higher uptake of N by the czop in
azolla treatments (Table 14) would have played a definitec
rolé in increasing the leaf size of the plants, Ishizuka
(1971) also has come out with such a finding, Tanaka et al.
{1964) has stressed the comblined cffect of increased leat
number, leaf size and number of tillers manlfested in

increasing the LAI in relaticn to N application.
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It was also observed that increase in LAL due'%o
2 higher rate of azolla inoculation was more marked at
panicle initiation than at maximum tillering stage. In
the casce of higher levels of azolla inoculation, at later
stages theozre will be more decomposition of azolla resulting
in higher N availability %o the crop. Singh (1979 b)
reported that azolla releases 56«80 per cent of its N as
ammonia in 3-6 weeks by decomposition. Thus by the time
the crop reached the panicle initiation stage more N would
have been made available, It can be further seen from
Tablas 19, and 20 that the decrease in dry matter production
of weeds due to an increase in the rate of azolla inocuiation
was more at 45 D.A.Ps than at 30 D.A.P. This is anothex
probable reason for a marked increase in LAL at panicle
initiation stage, which in this czop has occured around

50 days aiter transplanting.

The reosults further show that complete weed control
has recorded the highest LAI. This treatment has recorded
the maximum N uptake by the crop (Table 14) and the least
weed dry matter production (Table 21) also. These Would

have beneflted the crop and resulted in producing more LAI.
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1.2 Post harvest obscrvations

1.2.,a. ¥ield components
1,2.a.1.Nunber of panicles/m>

The results presented in Table 8 showed a clear
trend of increase in panicle number by azolla incculation
eventhough not statistically significaht. It was seon
from Table 14 that N uptake by crop and total ¥ content of
soil (Table 26) were more in plots receiving higher levels
of azolls inoculation. This might be attributed to a
decreased weed growth in thickly inoculated plots
(Table 21). Another probable reason is the increase in
soil B conseguent to decompesition as well as excretion
(Peters, 1975) resulting firom a higher rate of azolla
application, The P and K content of soll (Tables 27 and 28
reSpectivély) and uptake by crpp (Tables 15 and 16) also
have shown a positive lnfluence. All these have definitely
contributed to an increase in the panicle number,. The
increase in panicle production in accordance with increased
N availability 1z well established (Subblah et al., 1977,
Raju, 1978).

The waeeding treatments also have exhibited a
definite trend. The unweeded control has recorded the
lowest panicle number, It may be seen f£rom Tables 18,19
and 20 on dry matter productlon of weeds at 15, 30 and

45 D.A.P, regpectively that dﬁcing the early stages of
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crop growth weed dry matter production was siguificantly
more- in unweeded control. There would have been maximum
competition for nutrients in this plot. This is also
evidenced by the lowest uptake of N (Table 14), P (Table 1%5)
and K (Pable 16) by the crop. Instantly 1t may also bo
stated that the uliimate zoil N, P and K c¢ontent was nalso
the least in this treatment (Tables 26, 27 and 28)., Such
decrease in panlcle number due to weed competition hac

already been reported (Bﬁrga et al., 1980).

The interactioﬁ effect showed that higher levels of
azolla in combination with complete weed control had given
significantly more number of panicles than many other
combinations. This is only s combined manlfestatlon of the

main effects.

le2.a.2.8umber of £illed grains/panicile

It could be seen from Table 9 that both azolla
application as well as wecd control have beneficielly
influenced the number of €£illed grains/panicle., Begauto
of reasons already eXkplained this increase would have been
resulted. This experiment was conducted in a sandy soll
and the slow and steady availlability of N from azolla,
coupled with the factor responszible for competition sush ac
weeds would have definitely ensuraed an optimum environmeni

for increase in the number of £illed grains/panicle,
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1.2.a;3.;ggp grain weight '

' The:plot receiving maximum azolla inoculation hed
recorded the highest 1000 grain weight as in seen from
the result krable 10) «» This might bs Que to a steady and
higher N availability to the cérop (TPable 14) which would
have led to a higher rate of carbohydrate systhesis in the
plant systaﬁ. This carbohydrate would have been favourably
util;sed in grain £4lling and so the 1000 grain weight has

increased. .

Ano#her factor is that in the no azolla plots the N
availability to the crop was only through the usual foertia
1izer dose supplied, and since the soil under study was of
gandy natu:e.heavy losses of the applied N would have
occured due:to leaching. This is probably another reason
for the no azolla plot recording the lowesf 1000 grain
weight. But in the case of treatments recelving azolla
inoculation, the characteristic nature of azolla under dual
culturing systan to ooze out N into the surrounding watex
(shen et al., 1963) would havae facilitated the crop to
acquire the ¥ requirement from the immediate surroundings
of the plant., Thin shows the benefit of azolla as a slow
and stead? éuppliez of N, especially useful in sandy coils,
as reported by Jaikumaran (1981).
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There was significant variation among the weed
control treatments with respect to 1000 grain welght with
complete weed control recording the maximum 1000 grain
weight, Table 14 on N uﬁtake by crop showed that’this
treatment had recorded significantly higher uptake wvhen
compated to others. The beneficlal cffect of increased
availability of ﬁ is reflected here ;n increasing the 1030
grain weight. Tebles 18, 19, 20 and 21 on dry matter
production of weeds showed that 1t was the lowest in this
treatment at_all the stages. This agaln proves that weed
competition 1s the least and thls benefited the crop vory
much, Reduction in weight of grains due to weed competition

have alreagdy been reported by Noda et al;. 1971,

1,2,b. Yield
1.2,b.1.¥ield of grain

Results on grain yield are presented in Table 11l.
Data showad that azella ipoculation had benefited the grailn
yield of rice crop. Eventhough maximum yleld was cbiained
by agolla inocculation @ 0.5 Icg/m2 it was on par with the
inoculatlon rate of 0.3 kg/m2 and thils treaiment was also
significantly superior to no azolla inocculation. It was
further seen that complete weecd control had given the
maximunm grain yield., Minimum grain yleld was obtaincd in
unweaded plot. -Weeding twice had given more yleld than

weeding once.
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The increase in yield obtalned in plots receiving
azollé to the extent.of 3 tonnes/ha and sbove is likely
to be due to N released by cozing out as well as decompo-
aition of dual cultured azolla. GShen et al..;1963 has
repofted that azolls releases N by oozsing. 7The 3 tonnes
of inoculated azolla hadimultiplied and covered the yield )
within 15 days in the present invéstigation. Similar
resﬁlts of multiplication of azolla within 15 days of
incculation has bheen raporfed by Govindarajan et al., 197%.
In treatments recelving azolla inocculation @ 0,1 kg and
0s2 kg/mz complete coverage was not obtained within this
time, Thus the avallability of N by decomposition of
azolla gt the early stage of rice crop has ensured better

yields than treatments without azolla incculation.

Results on yield components presented in Tables 8,
' 9 and 10 also showed that application of azolla had influ-

enced these characters favourably.

Ihe bonzficlal effect of complete weed control had
been manifested in grain yield, This resuited mainly £rom
the bencfits sccrued to vield attributes {(Tables 8, 9 and 10)
due to the effect of complete woed removal, It was also
seen that weeding 15 and 30 D.A.P. had given more yicld than

weeding 15 D.A.P. This might also be due to the same cffact.
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Data on weed 1ndéx (Table 22) and weed dry matter productlon
(Tables 18, 19, 20 and 21) showed that weeded plots had

given lower values. The availability of nutrients also was
better ensured in weeded treatments as revealed by N, P and

K uptake by crop (Tables 14, 15 and 16 respectively).

Results on uptake of nutrients by weeds (Tables 23, 24 and 25)
also showed that in weeded plots more nutrients were

conserved which would have been made avallable to the ecrop.

The vield increase obtained in treatment receiviag
weeding twlce over that receiving only one weeding and -
unweeded contrxol i1s probably because in this treatment, a
weed free period 1s ensured in the £ield upto 45 days after
planting by which time the critical period of crop weed
competition will almost be over., Similar reports of ydleld
increase due to woeding during critical stages is already
avallable in literature (Bhan et al., 1975). Bgyond this
stage weeding may not influence yield (Lakshmi, 1983).
HoWever in this investigation maximum yleld was obtained in
the complete waed control plot. Two more weedings are glven
here than the plot rxecelving weeding only twice., Thus in a
sandy soil txgct, weeding seems to be essential even beyond
the critical atage of crop weed competitlon due to the Zact
that the soils are very poor. The presence of weads even ab
later stages is likely to compete with the crop and decrease
yield. Some more investlgations have to be conducted in this

line to identify the crltical stages of crop weed competition

. in gandy soils,
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2e20be2.¥1lcld of gtraw

Results on straw yield presented in Table 12
revealed an increase in straw yield with the levels of
agolla incculation., It was also seen that complete weed
control gave maximum yield and that weeding twice had
glven better straw yield than weeding once., Unweeded

plot had recorded the lowest straw yield,

The increase in yield due to a higher level of
azolla inoculation is due to the effect of azolla on
growth characters like heilght of plants (Table 4) and
number of tillers (Table 5) which had generally shown an
increase with the levels of azolla incculation. Similar
reports of increase in height and number of tillers due to
azolla application are available (Singh, 1977 a,b).
Another probable reason is the increase in N uptake by the
crop (Table 14) cbserved at higher levels of azolla

applicaticn.

Similarly the beneficial. éffect of complete weed
contzrol had been reflected on straw yield and the increase
in straw yield observed was due to the £avourable influsnce
of weeding on growth characters presented in Table 2 to 7.
Kleing and Hoble (1968) have also come out with similar
results., A higher I uptake by crop due to weeding waa
also observed £rom Table 14, This might be anocther probable

reagson for the weeding treatments giving more straw yield.
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1.2,c." Harvest iadex

From the results presented in Table 13 it could be
made out that the treatments or interactlon effects were
not significant with respect to harvest index. However the
treatment receiving no azolla inoculation and the one
raceiving azolla inoculation @ 0.5 kg/m2 hdd recorded the
maximum and minimum harvest indices respectively. Completce
weed control had regilistered the highest harvest index,

closely f£ollovwed by the unwecded control,

Data on N uptake by crop (Table 14) and soil X
content (Table 26) revealed that N availlability was
incraasing f£rom no azolla inoculation to azolla inoculation
@ 0.5 kg/mz. This has led to a higher straw yield in the
latter treatment. HoOWwever grain yleld did not increase
proportionately in thls treatment (Table 11), resulting
in a low harvest index. In the case of no azolla treatment,
the grain yield recorded also was very low, Therefore thin

trestment had given the highest harvest index,

Complete weed control had recorded the highost
grain yleld, with the result harvest index was maximum.
Data on H u@take by the crop (Table 14) showed a signifi-
cantly higher value in this treatment than the other weed
control treatments. This nitrogen would have been properly

utilised for grain preduction which had ultimately led to a
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{
high harvest index. In the case of unweeded control a

lower grain as well as straw yleld were noticed, rasulting

in a higher harvest index.

2e Chenical studies (CROP)

2ole H, P and K untake at harvest

Results presented in Tables 14, 15 and 16 showed that
P uptake by crop was significantly influenced by azolla
application. Hgwever in the case of N, P and K uptake, a
trend was observed where the highest rate of azolla
inoculation has recorded the maximum and no azolla treatment
the minimum uptake. The data on dry matter production of
weeds at harvest (Table 21) shows that weed population iz
minimum in ploté receiving higher rate of azolla inoculation,
This is coroborated by the f£finding that nutrient uptake of
weads is also the lowest in these plots (Tables 23, 24 and 25).
This has naturally resulted in a higher content of N, P and K
in the soil which has been favourably utilised by the crop,

leading to an increased uptake at harvest,

The i, P and X uptake by crop was significantly
influenced by weeding treatments (Tables 14, 15 and 16).
Complete weed control has recorded significantly higher
uptake values than others. Weeding 15 D.A.P. and wedding
15 and 30 D.A.P. Wwere found to be on par. In completely

weeded plots weeds are not at all allowed, with the result
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that weed dry matter production (Tables 18, 19, 20 and 21)
as well as nutrient removal by weeds (Tables 23, 24 and 28)
are nil. This has obviously given the highest soll nutrient
content in this treatmant (Tablaes 26, 27 and 28). Theso
mitrients have besn advantageously utilised by the crop
resulting in appreciable uptake of N, P and K as revealed

in the respective tables.

With regard to interaction effects, results shoved
that N and K uptake vere increased in treatment combinations
receiving higher rate of azolla inoculation along with
complete weed control. While discussing the individual
aeffects of thase treatments it was polnted out that both
azolla application as well as complete weeding individually
wera glving higher uptake values. This hag naturelly

refleccted in the interaction effact also,

220 Crude proteln content of grain

It could be made out from the results presented in
Table 17 that only the azolla treatments and inkeraction
effects were significant with reapect to crude protein
content of grailne, The treatment recelving azolla inoculation
@ 0.5 kg/m2 has recorded the maximum protein content, while
no azolla inoculation has recorded the minimum content.

The former was on par with azolla inoculation @ 0.3 kg/mz.
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Thus a higher rats of azolla inoculation has led to a
higher availability ;f N in the concerned plot (Tgble 14)
which has naturally resulted in a higher protein content,
aAnother probable reason is that at later stages, ‘highex
amount of H 13 made available in ploés receiving larger
quantity of azolla. This also would have anhanced the

protein content.

With respect to the effect of weeding, there was
a trend observed with complete Weed control recording the
highest protein content, follaved by weeding 15 and 30
D.A.P, Weading 15 D.A.P.and then unweeded control, which
has recorded the léwest content, eventhough not significant.
This shows;the effect of weeding in rice on increasing the
protein coﬁtent of grain. Similar reports on-weed control
in rice as an impoxtant aspect for increasing the protein

content of grain are seen in literature (Raveendran, i876).

The combination of azolla inoculation @ 0.5 kg/mz
with complete weed control, which recorded the highest
proteln content was £ound to ba on par with the combination
involving azolla incculation @ 0.3 kg/ma vith complete weed
control. This again shows that the azolla level of l
D43 kg/h? gives the éama effect as 0.5 kg/mz inoculation,
1f combined with complete wesd control with regard to protecin

content of .grain.
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3. Cbservations on weads
3,1.  Dry matter production of Weeds

Results presented in Tables 18, 19, 20 and 21 showed
that at all the stages the treatments as well as their
interaction effects were significant with respect to dxy
matter prcduction of weeds., Azolla level of Q.5 kg/m2
has recorded the lowest and no azolla inoculation the
highest weed dry matter production, It has been obsezvad
in generzl that only the azelle inoculatlon rate of
0,5 kg/m2 was able to give a significantly lower weed
dfy matiter production than the other azolla treatmeats at
most of the stages. This'treatment had a higher rate of
inoculation and hence the multiplication rate ang céverage
was rapid., This had resulted in reducing the weed population
to a certain extent, But in the case of lower rates of
azolla 1nocula¢ion sufficient multiplication and coverage
could not bs cbiained 80 as ¢o have eficctive weed contzol,
This suggests that a higher azolla incculatlon rate is
needed to achleve better weed control in rice £ields, This
is contrary to the usual reébmmendeﬂ inoculation rate of
0.1 to 0.3 kg/mz for dual culturing (Govindarajaﬁ et al, 1979;
Mathur et al., 1981). These workers have only considered
the N economy by utilization of azolla in rice f£ields,

Reporés on weed control by azolla in rice £ields (Singh, 1977a)
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do not specify the rate of inoculation for the specific
purpose. Hence this finding has got seme practical

importanca,

Flg.2 showed that azolla inoculation @ 0,4 kg and
0.5 }cg/m2 gave lower weed dry matter production at 30 and
45 DJAJPJthan at 15 DeAsPe This shows that b}[ 30 D.RLPe

azolla multiplication and coverage hes reached the maximum,

The f£igure further showed that at 30 DsAPathe waed
dry matter production in treatments receiving azolla
inoculation @ 0.1, 0.2 and 0.3 kg/mz decreased when componed
to 15 D.A.P, while at 45 D.A.P, and harvest the dry matter .
production 0f weeds increased when compared to 15 and 30
DeaAsPs [HgWwever the treatments receiving 0.4 and 0.5 kg/ma
of azolla inoculation generally recorded a lover weed dry
matter production than the othoer azolla levels at 15, 30 and
45 D.A P, while at harvaest all the agolla treatments recorded
a higher dry matter production of wesde than the other stages.
In plots receiving azolla inoculation @ 0.1, 0.2 and 0.3 ka/m,
by 36 DsAJP, azolla might have multiplied and given éufﬂicient
coverage in.the £1eld.'resu1ting in reduced weed growth,

But by 45 D.A.P. azolla would have decomposed in the plots,
| leaving some patches on the surface of water that would
have enabled weeds to come up. 3Similar reports on

decomposition of asolla are available (Singh, 1877 b),
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However in treatments receiving azolla inoculation @ Ded
- and 05 kg/m?, eventhough decomposition of azolla was
there, sufficient quantity was left in these plots to
give adequate coverage upto 45 D.AJP. due to a higher
rate of inoculation. At harvest stage, decomposition of
‘ azolla might have completed earlier that even in plots
.raceiving a higher rate, not much azolla was 1e£t s0 as to
provide adeénate weed control. This shows that s highér
azolla inoculation rate 1B necessary if weed control has to
be achieved, especielly during the critical periods of

cropoweéd'coméetition.

o With regard %o weed control treatments results
presented in Tables 18, 19, 20 and 21 showed that-umwecded
control whicn recorded maximum weed ﬁry matter production
at all the étagea. gave significantly highe:r valuas than
Weeding 15 DeAePe and wéeding 15 and 30 D.A.P. Thisz shows
tha'affect of wseding, as compared to no wooding at alls
It was alsc observed that weeding twice (15 and 30 D.A.P,)
gave'a‘numarically lover weed dry matter production than
weeding once (15 DJ.A,P,) . though thef werz on par. Ihis
shows thmt‘wéeding twice is better thaon weeding once as f£ar

as waed control is concernced.

. The combination of no azolla inocuiaticn witit
unwveeded control recorded significantly higher weed 4ry

matter production than the combinations involving azolla
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snoculation ® De3s 0.4 and 0,5 kg/m® with the unwoeded
control at all the stagea. This indlcates thét even in
unwegdsd plot. azolla 1noculation ig helpful in reducing
wveed 1n:astation. it was further observed that the
combinations of azolla inoculation of 0.4 and 045 kg/m
with weeding i5 D.A.Pe recorded the lowest weed dey mabkter
production at 30 and 45 D.AlP. This again demonstrates
the usefulness of a higher rate of azolla inoculation on

wead contrnl at the critical pexiod of crop weed competition.

3.2, Heed index

Data presented in Table 22 revealed that the azolla
treatments significantly influenced weed index. As the
level of azella inoculation vas increased from 0.1 to
D5 kg/mz, the weed index docikeased progressively. Tne no
agolla treatment recorded the highest weed index. S8ince
weed 1lndex denotes redustion in yield due to a particular
treatment in comparision wilth the completely wée&-frea‘
treatment, the results revealed that when the level of
azolla inoculation increased, the yield dacrease becams
lesser and lesser. The data on yield components (Taobles 8,
9 and 10) and on yiold (Table 11) suﬁstantiatas this result,
The decrease in yleld would have been ceused mailnly dwe to
weed competition. Results on dry matter production of woeds

(Tables 18, 19, 20 and 21) also shiowed that it decreased
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with an increase in azolla levels and so competition
between weeds and crop might have also decreased, In the
case of no azolla plots, the yleld components and yileld
were the lowest and weed dry matter productlion was the

highest. Thus it recorded the maximum weed index.

Results on weed index further showed that azolla
inoculation @ 0.3 kg/m2 was on par with inoculation rate
of 0.5 kg/mz. The yield data (Table 11) also showed that
these treatments were on par. This means there was no
significant difference in yleld reduction between these two
treatiments, and so 0.3 kg/m2 inoculation rate is egually
affective as 045 kg/'m2 inoculation as f£ar as yileld is
concerned, eventhough from a better weed control point of

view the latter treatment seems O be necessarye.

As far as weed control treatments are concerned,
results Fevealed that unweeded control gave a significantly
higher weed index than complete weed control and weeding
15 and 30 D.A.P., This is only the cffect of weeding as
could be made out f£rom Tables 18, 19, 20 and 21 on dry
matter production of weeds which showed that at all the
stages weed dry matter production in unweeded control wag
significantly higher than the completely weed-ffec trcatmont
and weeding 15 and 30 D.A.P. Thus an intense competition

from weeds might have resulted in a significantly higher
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decrease in yield in unweaded control. The data on yleld
(Table 11) also showed that this treatment recorded the
lowest yield. Bhan and Maurva (1972) observed that even a
low wead population was sufficlent to reduce rice vield in
unuaeded control when compared to weed-free plot. Yield
reduction due to weed competition have besen reported by

other workers also (Raveondran, 1976y Abraham Varghese, 1978).

It was further obgerved £rom Table 22 that weeding
15 and 30 D.h.P.recorded a lower weed index than weeding
15 D.A.P. The weed dry matter production in the former
tréatment was lower than the latter at most of the stageé
(Tables 18, 20 and 21). This infers that a lower wecd
competitioﬁ was resulted in the plot receiving two weedings,
vwhen compéred to that recéiving only one weeding and hence

it recorded a lower weed index.

L Chemical studlez {(HEEDS)

4.1, Np, P and K untake at harvest

It could be observed from results presented in
Tables 23, 24 and 25 thaet the treatments and thelr intore
actions were significant. No azolla treatment recorded the
maximum ¥, P and K uptake and azolla inoculation @ 0.5 kg/m2
the lowest uptake. The rest of the azolla treatments wore
on pare It could be seen £rom Tables 18, 198, 20 and 21 that

dry matter production of weeds was progressively decreasing
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with an increase in rate of azolla inoculation. This is

- one of the probable reasons for recording the maximum
mtrient uptake of weeds in the no azolla plots, An
axamination of uptoke f£igures of the crop given in Tables
14, 1S and 16 showed that the uptake was minimum in no
azolla plots and maximum in plots receiving 0.5 ke/m>
azolla inoculation. As the rate of inoculation is
increased, the weed population is proportionately decreased
and the avallable nutrients are being taken up by the crop,
leaving lesser quantity of nutrients for the weeds. This
is ancther probable reason for the reduced uptake of 1, P

and K in plots recelving higher rates of azolla inoculstion,

Among the weed control treatments the ursreeded
control recorded a 'significantly higher H, P and K uptakc
of weedsa at harvest. This was followed by weeding 15 DeheFs,
wageding 15 and 30 D.A.P and complete weed control. This io
the direct cffect of weeding on population of weeds as could
be obsgerved from the data on weed dry matter production at
harvest {(Talkle 21). The crop uptake (Table 14, 15 and 16)
was more or less inversely ralated to weed uptake in these
treatmentae.. As vhe weed control is made effective, more
natrients are made available to the crop, resulting in a

proportionnte decrease in uptake of weeds.

The combinations involving azolla inoculation ¢ 0.3,

0.4 and 0,5 kg/m2 with unweeded control recorded significantly
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lovwer N, P and X uptake than the combination .@f no azolla
inoculation with unweeded control. The combination of

0.5 Icg/m2 azolla inoculation with unweeded control recorded
the lowest N and K uptake by weeds among them. This seems
to be the effect of azolla inoculation, since even in an
unveeded plot azolla has been able to control weed growth
as is evident from the date on weed d4ry mattér production
at harvest (Table 21), where the very same combinations

géve gignificantly lower dry matter production of weeds,

It was also observed that there was no significant
variation between the warious combinations involving azolla
inoculation rates 8.4 and 0,5 kg/mz with weeding treatmeonta,
This is becausae as the lavel of azolla incoculation was
increased, even in unweeded plot weed dry matter production

was found to decrease (Table 21).

The results further showed that most of the combina-
tions involving weeding 15 and 30 D.,A.P. recorded lover N,
P and K uptake by weeds than cambinations involving wecding
15 D.A.LP. This i3 only the effeoct of weeding twice on
controlling weed growih when compared to weeding only oncas.
Table 25 also showed that at a lower level of azolla
incculation the combination involving weeding 15 and 30 D.AJL..
recorded significantly lower nutrient uptake by weeds.

This shows that a lower level of azolla inoculation is not
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that effective in weed control, and only weeding can bring
about a significant effect in this regard. But as the

level of inoculation increase, even in an unweeded plot
there is sufficient degree of weed control due to the efifcct

of azolla, as already. explained,

Se Soil analysio
Selos Total N, available P -nd Exchangeable K contant
of soll

Data presented in Tables 26, 27 and 28 revealed
that azolla inoculation gave a progressive increase in soll
nutrient status, with 0.5 kg/m2 recording maximum contentc
of soil nutrients. This is in conformity with the f{indings
of Arunachalam (1980) and Mathew Kutty (1982) who obscxved
that azolla treated plots yielded a higher total residual H
and available P content. The hicher N content might be due
to the reduced losses of N taklng place f£rom an organic
source o0f ¥ like azolla, wﬁen compared to heavy losses of
inorganic source in sandy solls, As far as av%ilable e
content is concerned, the dual cultured azolla mlght have
utilised phosphorus from native as well as applied fertilizor,.
In addltion to this azolla itself contains about 0,3 per ccnt
oné. Similar £f£indings were also reported by Arungchalcm
loc.cit and Mathew Kutty loc.cit.

Complete weed control recorded the highest and

unweeded control the lowest content of total i, available P
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and exchangeable K (Tables 26, 27 and 28 respectively).
Complete weed control was followed by weeding 15 and 30
DeAsPe Waeding 15 D.A.P. and then unweeded plot. This
could be explained on thec basis of N, P and K uptake by
weads Qt harvest (Table 23, 24 and 25 respectively) which
showed just tﬁe reverse trend of soll nutrient status with

respact to the vweesding treatments.

6o Economics of Azolla dual culturing and weeding
practices,

The aconomy of dual culturing azolla for weed
control as well as weading practices in sandy soils of
Kerala in terms of graln and straw production worked out

on the baszsis of cost and income is given in Table 29.

From the table it can be seen that the treatmont
receiving azolla 1nocula£ion @ 0.5 kg/'m2 has recorded
maximum net income (R3.4.468/ha). Among the weeding treat-
ments, complete weed control has recorded the-hiéhest net

income of RS.3,717/ha.

Thuas it is evident that ézolla‘dual culturing with
an 1nc§u1ation rate of 0.5 }:g/m2 or S tonnes/ha ia
definitely economic and this practice can be advocated in
areas where manual weeding 1s costly and when labour

avallability is meagre during peak periods of regquirement
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Table 29. Econonmics of azolla dual culturing and weeding
practices in rice culture,

wo . Wl w2 : W3

20 (© o 800 720 1170 922 (A.0)
(1) 4135 7145 5357 5169 85452 (A.L)
co. B 1530 ‘N}I)
al () 13 1633 643 1057 . 837 (2.Q)
(1) 5806 8043 65590 . 3826 . 6556 (a.I)
: . 2719 (N.X)
Az {C) 26 1466 566 - 926 746  (A.LC)
(1) 6067 7530 - 6045 6605 6562 (A.I)
2816 (N.I)
a3 (C) 39 1299 489 849 669 {A.C)
(1) 5330 8696 6786 6912 - 6931 (arX)
- 3262 (N.I)
A4 (©) 52 942 312 672 495 (A.C)
(1) 4527 7855 5952 6228 6165 (Aa.I)
‘ 2670 (H.I)
AS (© 65 605 155 515 335 (a.C)
(1) 7106 8777 6804 ' 8323 7803 (A.I)
4468 (N,I)

{A.C) 33 1291 481 865

(A.I) 5512 5008 6249 6544

(9.I) 2479 3717 2768 2679

{C) = Cost (Rs/ha). (I) - Income (Rs/ha) from grain and straw

(A+C) = Average cost (Rs/ha)e (A.I) - Average income {Rs/ha)

(N,I) - Hat income after deducing cost (Rs/ha).

Cost of cultivation other than weeding - Rs.3,000/ha,

The cost involved fbitreatments includes labour cost for weeding

(Re,18/woman/day) and the cost of acolla multiplication znd
inoculation (Rs.l3/ton/ha). '

Price of Paddy = R5.1.50/%xg. Price of straw = R840.70/%q .
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as in Kerala. Keeping the field completely weedsfree,
aventhough involves excess labour has proved to be
econonic in this investigation. This practice may be
necessary in sandy soils wherc the critical perlod may
prtend even after 45 days of planting rice. The high nct
income obtained in this treatment is due to the higher
price of paddy (Rs.1.50/kg) which was prevalent during

that season,

From the above discussion it can be concluded
that eventhough from the yield and quality polint of view
of rice, an azoella inoculation rate of 0.3 kg/'m2 seens
to be sufficient, a higher inoculatlion rate is necessarv
if proper we=d control has to be achieved in rice fieléa,
particularly during the crltical pericds of cfop-weaed

competition.
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SUMMARY

An investigaetion to assess the efficlency of
azolla for weed control in Rice ecosystem during the £irst

crop (Kharif) season was carried out in sandy soils of the

Agronomic Research Station, Chalakudy during 1982,

-

The £indings of the lnvestigation are summarised

ag Esxllovwsi-

Azolle incoulatlon @ 0.5 kg/mz and complete waecd
control treatment recorded the maximum plant height at all

the stages.

Application of azolla @ 0eS5 }:g/m2 and completo
WQéding.regiatézéd higher LAI,

Dual culturing of azolla with an inoculation rate
OE (45 kg/mz'prodﬁced the highest nucber of panicles,
£1lled grains and 1000 grain weight, vhile no azolla
treatment recorded the minimum value, The completely weoded
prlot gave a significantly higher 1000 grain weighit, The
combination of azolla inoculation with complete wesd control

racorded highest paniecle production.

Basal inoculation of azolla © 0.3 kg/mz recogded a
grain yield of 2932 kg/ha. Howaver the maximum yield
(3059 kg/ha) was recorded by azolla inoculatisn @ 0.5 kg/mz.
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though both these treatments were on par. Among the
weeding treatments complete weed control gave the maximun
grain yieldi(assz kg/ha) and unveeded control the minimum
yield (2341 kg/ha). ,

An increase in straw yleld was noticed with the
levels of azolla inoculation, Complete weed control

treatment recorded the highest siraw yield,.

d, P gnd K uptake by the crop at harvest was seen
increased with the xates of azolla inoculation. Complets

waeding also registered maximum uptake values,

Inoculaticn vf azolla @ 045 kg/m‘ recorded a
significantly higher protein content of grain. among the
weeding treatments, complete weeding zeglstered the masimum

protelin content,

Azolla inoculation @ Q.8 kg/m2 recorded a signifi-
cantly lower weed dry matter production than the other'
azolla levels at most of the stages., among the weed control
treafmentsridnwaedea control recorded a significantly higher
weed dry matter procduction. The coﬁbinations invelving
higher rates of azolla inoculation with unweeded contzol
recorded significantly lower weed dry matter production vhen

compared to the combination of no azolla with unweeded control,

’
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A significant decrease was noticed in weed index
as the 1avei of agzolla incculation increased. Upweeded

control recérdea the highest weed index.

Theilowest Ne P and K uptake by vweeds was recorded
by azolla 1¢ocu1ation @ 0e5 kg/mz. Unweecded conﬁrol
recorded significantly hicher nutrient uptake than other

weading treétments.

xnc#easing azolla lavels led to a progressive
increasa in tetal N, avallable P and exchahéeahle X content
of soil. Complete weed control recorded the highest and

unweeded control the lowest content of these nutrients,

Future lines of work

The €ollowing are some of the Future lines of vork

suggestedi-

(1) ‘Prom this study it 15 seen that weeding beyond
45 days aﬁtér planting is giving boneficial results in sandy
solls. Herce the critical stages of crop-taed competition
will have to be vorked cut in sandy scils in a detalied

Manner «

(2)fln the p:esant‘investigdtion waed dry mattsr

production is comparatlvely less even in unwecded control,



30

Hence similar trials will have to be conducted in severcly

weed infested areas also to have wlder acceptabllity,

(3) aAzolla was secen to control weeds such as

Echinochloa spp.. cyperus sppe, Fimbristylis miliacea,

Monochorla vaginnlis etc, in this study. However the
efficiency of azolla in controlling other serious wecds of

rice may also be investigated.
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APPENDIX - I

Meteorological data for the cropping period (1982) and the average values for the last
five years (1977-1981).

~ Total rainfall HMean minimum Mean maximum  Msan pan Mean relative
Pericd {rem) temperature temperature ovaporation humidity at
(%) (°c) {cm) B Al (9%)
A 2) A B A B A B A B

July 15-22 106.3 208.7 23.2 23.7 27.6 27.0 0L812 0,307 ©£5.6 | 92.3
23-29 79.9 19i,1 24.4 2343 28.1 28,9 0.460 0,280 81,4 90.0
30-5tn 27.2 142,7 24,5 2346 30.6 29,6 De540 0.2305 798 B9,9

Aug . 6-12 193.6 215.4 23.9 233 2649 28,1 0.364d 0.280 89,9 91.1
13-.19 49,5 110.5 23.9 2367 27.6 29.2 0#315 0309 B5.9 89.1
20w26 143.2 99,9 24.1 24,1 28.3 33.0 04,253 G303 90,1 88,3
e7-2nd 162.5 86,7 23.7 23.8 29.4 22,3 D282 §H.280 S0.1 87.9

Sopte 3=9 6240 97.7 2343 23.8 29.0 29.4 0.279 0,274 83.1 89.6
10-16 78.6 87.8 2461 2346 29,1 29,5 D.233 04292 B7.3 89,3
17-23 143.9 39.6 24,0 24,1 30,1 30.4 06364 04314 8846 87.0
2430 211.1 29.2 23.4 23.8 27.7 30.8 0.370 G376 86,9 87.1

Cet. 1-7 285.6 31.3 23.4 23.7 274 AC.8 0.212 (0.338 92,0 84.1
8-14 47.8 67.1 23.8 23,9 29.9 30.4 Q333 0,303 574 86 .8
15-21 1.5 66.1 23.4 24.1 31.4 31.3 0.317 0,335 76 .6 85.3
2228 87.2 115.4 23.6 24.1 31.0 31,7 De24% 04373 836 86.4
29=4th 47.0 122.0 24,1 23.9 31.3 3.1 0282 0,318 72.€ 88,3
Mean - - 2842 2543 28,7 3i.1 0.327 00308 B4.3 88.2

A - During the cropping period : B - Average for the last £ive years



APPENDIX - IX

Abstract of analysis of variance table for growth characters

Hean sguare

Chazacter . A Error A W Axt] Brror W
{3) (10) {3) (15) {36)
Iq_ggowéh characters
a. Hoight of plants (45S) 45,72 61,54 T 2413 T 3.60 7453
be Helght (PIS) ‘ ~ 91.36 61.68 23.23 25,89 28,410
¢, Helght (Harvest) - . 6.94 105.22 82,35 25.98 23,12
d. Tiller numbezr/mz (MTS) 5639.16 7342.22 983,51 .1306.56 1112,39
@« Leaf aves index (MT3) 2.42 4.43 5.07 - 697 1.10
£. Leaf area index (PI13) , $e44 4485 . 4,07 | 1456 2.87
MTS = Maximum tiller stage
PIS - Panicle initiation stage
A <« Azunlla levals |
W -~ Weeding treatments
P

*igures in parenthesis indicate degrees of E£xroedom.
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Abstract of analysis of variance table for yleld components, yield and harvest index

Mean square

Character A . EXEOr A W A Exgor W
{5) ‘10) {(3) {15} (36)

¥ield components )
a, Number of panicles/m®  2080.26 4203.23 821,02 1793.68°  853.66
be Number of £1lled .

grailng/panicle 21,76 124,30 133,23 73,59 43.78
c. 1000 grain weight 7452 7.85 30.93" 13460 10.41
Yield .
a. Grain yield © 242913.417 352284.95 2322942.07 113285.44  85380.29
B. Straw yield 7371987.09 2352095.17 3637905.23  954986.13  472319.94
Barvest index . 0042 0.01S D010 ¢.004 0.004

% Signlficant at 5 per cent lavel
A = Azolla levelsn
H - Weedling treatments
Figures in parenthesis indicate degrees of frocdom.



BPPENDIX - IV

Abstract of analysis of variance table for chemical analysis (CROP)

Mean aguare

Chartacter

A Irror A i Asad Error W
{5) (23} (3) 5 . (36)
Nutrient uptake by crop
@ %
tie N uptake at harvest 1578.29 S82 e 20 2317.08 35,54 264,04
: 3
L. P uptake at harvest 55.58° = 12422 83.52.  23.59 4.22
. »
Co K uniakze gt harvest - 2387.10 1710,.16 3635 .82 1502.74 316,73
guality charactex
de Crude protwin coatont’ : * *
of gfain 3&10 0547 - 1&65 3...90 0097

*  Sdonificant at S5 per cent level

A = Azolla lavels

W - tlzeding treatments

Flgures in parenthesis lndicete degress ol ILrsedom.
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Abstract of anelysis of variance tzble for Dry matter production of weeds and weed index

Mean sguare

Character 2 Error A w A Bxror ¥
() (10) {3) {15) {35)
Dry matter production of weeds
b2 *
ae 15 days after planting 1.45" 0.10 3.58 018 0.05
' o i rs
b. 30 days after planting 1.88" 0.15 3,48 0.22 0.09
w %
Ce 45 days after planting 3.23" 0,09 - 5.63 0,42 0.08
|-~ .
d. Harvest 0.65 0.11 13,59 0420 .09
Weed indes 263.90° 84,04 4297.78%  347.22 151 .83

*  Significant at 5 por cont leavel

A = AzZ0lla lavels

W - Weeding treatmeats

Plgures in pareathesis indicste degrees off fraedom.



APPENDIX = VX

Abstract of analysis of variance table for chemical analvols (WEED) and soil

analysis,
Meoan sgusse
Character §- Ergor A ] Astd Execor W
(5) {10} . (3} (15) {35)
Rutrieat uptake of Heeds
- @e N uptake at harvest 771.67°  161.78 1517.97" 12-5.7z: 51418
- %
b. P uptake at harvest 23.99" 5,05 84,24 5o43 2449
@ 7 W
c. K upkake at harvest 491 .26 74.78 1567.,03  192.14 39,98
Soil analysis
ae . Total ‘N 0.0002 0.0002 0.00005 0.00003  0.00005
b. Available P 182,12 150,92 5457 6039 45.46
F 3
Cs Exchangeable K 45,82 52,51 ig.ol G872 12,36

¥ Sigrnificant at 5 por ceat iaval

A - Azolla levels
W = Heedlng treakments
Filgures in parenthesis indicate degrees of freedom.
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ABSTRACT

an éxperiment vas conducted in sandy solls of the
Agrqnomié Research Station, Chalakudy during the £irst
Crop seasoné(xhariﬁi of 1982. The efficlency of'azolla
for weed coﬁtrol in rice acoaysteﬁ was investigated in
crder to fiﬁd out a sultable altzrnative to the traditional

weed contzol methods used in rice culture.

éheitreatmants consisted of a combination of
6 lovels of .azolla inoculation (0, O.ls 042, 03, 0.4,
0«5 kg/mz) ;n the main plot and 4 weeding treatuneonts
(unweeded céntxol. complete weed contzol, handwgeding
15 DahePe héndweeﬂing 15 and BO'D.A.P.) in the sub plot.
The 24 treatment combinations were replicated thxice ang

lald out infsplot plot design,.

' Theistudy Tavealed that the growth characters likae
plant hé&bbﬁc tiller production and leaf area index were
higher in tﬂe traatment recziving azolla inoculation
B 045 Rg/mz; The completely weeded plots also racorded

higher values for theose parametcrs.

Duai culturing of amolla with an inoculation rate
0f 0.5 kg/m% recordod maximum values with regzrd to the

vield ccmponents viz., numbar of paniplea/ﬁz. number of



£illed grains/panicle and 1000 grain weight, ultimstely
rasulting in higher grain production by this treatment.
However an inoculation rate of 0.3 Rg/mz was seen to bas
sufficient f£or producing optimum grain vield, Treatment
receiving no azolla inoculation recorded the lowest ¢grain

yield.

The azolla levels as woll as weeding treatments
recorded a progressive increase in straw yleld of the

CLODs

The highest rate of azolla incculation as well as
complete weeding registered a higher N, P and K uptake by

the crop at harvest,

Azolla inoculation @ 0.5 kg/m® recorded a signifi-

cantly higher protein content.

A significantly lower dry matter p:odqgtion of
weeds was noﬁiced at the azolla inoculation level of
0.5 kg/mz at most of the stages. Even in an unvweeded plot,
azolla inoculation at higher rates gave sufficient degreo
of weed control. The N, P and K uptake by weeds also

followed the same trend,

Increase in azolla levels produced a significant

, decrease in the weed index.



Scil nutrient status was not significantly

influenced by the treatments.

The present investigatidn revealed the scope OFf
dual culturing azolla in rice culture for control of
weeds. A higher rate of azolla inoculation of 0.5 kg/m2
(5 tonnes/ha) could bring about satisfactory weed control
and produced a grain yield of 3059 kg/ha. Similarly
complate weed caontrol was found to be the most effective
and recorded a grain yield of 3552 kg/ha, £ollowed by
weeding 15 and 30 DeAJP. (2665 kg/ha), weeding 15 D.AJL.
(2650 kg/ha) and unweeded control (2341 kg/ha).



