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ABSTRACT. Field studies were conducted for two seasons to evaluate
the effect of Leucaena leucocephala (Lam) De Wit. green manure on the
available ammonium~N in soil and grain yield of rice grown under
lowland conditions. The treatments were 0, 4, 8 and 12 mi/ha Leucaena
with 0, 44 and 88 kg Nfha as urea in a factorial combination. Available
ammonium N in soil was evaluated at the time of transplanting, madmum
tillering, panicle initiation and harvest. ’

During both seasons, incorporation of Leucaena increased the
available ammonium — N throughout the experimentation irrespective of the
level of mineral N.  However significant differences in available
ammonium— N were observed only at transplanting. Incorporation of 8
. mit/ha of Leucaena green leaves to the soil two weeks before transplanting
could produce available ammonium~ N in soil which is comparable with
the. ammonium—N that is originating from the mineral N level
recommended by the Sri Lankan Department of Agriculture, ie. 88 kg
N/ha. There is a significant increase in the grain yield accruing to
increased levels of Leucaena. In both seasons the application of 8 mi/ha
of Leucaena was almost as effective as the highest mineral N application.

INTRODUCTION

Nitrogen is the most important nutrient element limiting growth in
most rice growing soils (Savant and De Datta, 1982), and it should be
adequately present for the proper function of metabolic processes in the
plant (Russel, 1973). The mineralization of organic nitrogen in puddled
soils is a crucial ‘prercquisitc for nitrogen nutrition; even in well fertilized
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paddy fields, the rice plant uses nearly 50 -70% of soil nitrogen through
mineralization (Broadbent, 1979).

In this study Leucaena was selected as the green manure for rice,
since it is commonly found in many areas of Sri Lanka. The rapid
growth and the relatively high nitrogen content of Leucaena make it an
ideal green manure. Hence, this investigation was conducted to evaluate
the effectiveness of using Leucaena green manure as a nitrogen
supplement for rice soils.

The dominant form of mineral N in lowland rice soils is
ammonium, which is found both in soil solution and at exchange sites
(Mengel et al.,, 1986). These two sources are readily available to the
rice plants. In this experiment, therefore, the Nitrogen that exist in
other forms was not considered.

MATERIALS AND METHODS

Field trials were conducted at the Regional Agricultural Research
station, Girandurukotte, Sri Lanka during 1985/86 (Maha) and 1986
(Yala) seasons. Girandurukotte lies in the intermediate agroclimatic
zone (96m above m.s.l.) receiving 2100 mm of annual rainfall distributed
bimodally. The soil in this area is Tropaqualfs and some of the
important characteristics are given in Table 1. .

The treatments were in a randomized complete block design with
three replicates.

Treatments comprised four levels of Leucaena green manure (0, 4,
8, 12 mt/ha) with three levels of mineral - N fertiliser (0,44,88 kg N/ha)
applied in the form of urea in a factorial combination. P and K were
added at the rate of 28 and 34 kg/ha respectively (Agriculture
Department recommendation, 1980). Total P was applied at the time
of transplanting while N and K were applied according to the following
plan.

At trahsplanting : N - 7kg/ha, P - 28 kg/ha, K — 13 kg/ha
14 DAP : N - 43 kg/ha
42 DAP : N - 38 kg/ha, K — 21 kg/ha
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Table 1. Seil characterigtics of the experimental site.

Soil character - ) Depth (cm)
: S 0-10 10-20

Sand (%) 77.60 7740
Silt (%) 12.60 12.40
Clay (%) : 9.80 10.20
pH (1:5 water) 7.04 7.06
EC ms/cm (1:5 water) © 018 0.19
CEC (cmol/kg soil) 720 7.00
Exchangeable cations (cmol/kg soil)

Na 052 047
K 0.08 0.06
Ca - 124 1.26
Mg 4.78 4.54
Total N % 0.05 0.05
Organic C % 043 0.41
C:N ratio ' 8.60 8.20

The two levels of mineral-N treatments viz. 44 and 88 kg/ha
represents the half and full recommended doses.

Leucaeng green leaves were incorporated to th soil two weeks
before transplanting and water movement to the plots were stopped.

Experimental plots were (4x5)m in size and separated by guard
plots. :

Rice variety BG 94—1 (105d) was chosen as the indicator plant.
Three seedlings were planted at 20x15 cm per hill.

Soil samples were taken at transplanting, maximum tillering, panicle
initiation and at harvest. The samples were drawn randomly from 6
locations at 0—20 cm depth from each plot and mixed thoroughly to get
a composite sample. Available ammonium was extracted from fresh soil
by using IN KCL (soil:Kcl, 1:10) and determined calorimetrically by
using Indophenol blue complex method (Hesse, 1971).
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RESULTS AND DISCUSSION

The available ammonium~N in soil Leucaena treatments at each
N-level in the Maha season are given in Table 2. At transplanting the
application of Leucaena has resulted in an increase in available
ammonium -N at all mineral N-levels. When compared with the
control this increase was significant when 8 and 12 mt/ha of Leucaena
was applied. This was true for all N levels. When Leucaena
application was raised from 8 to 12 mt/ha, significant increase in
~ available ammonium-N was observed only in 0 and 44 kg/ha

treatments. It is shown that 8 mt of Leucaena in the absence of
mineral N produced higher available ammonium~N than the highest
mineral N application level ie. 88 kg/ha without Leucaena.

Since Leucaena was incorporated two weeks before transplanting,
it could be said that a mineralization period of two weeks was adequate
to produce available .ammonium-N to cope with the nitrogen
requirement of the rice crop which was comparable to N
recommendation ie. 88 kg N/ha. According to Ponnamperuma (1972)
much of the mineralisable organic nitrogen in flooded soils are released
as ammonium in two weeks of flooding.

The yield data in the Maha season (Table 4) showed that the
incorporation of green manure has improved the grain yield at all N
levels. The incorporation of 12 mt of Leucaena increased the grain
yield from 1.85 to 5.62 mt/ha. This was about 1 mt of grain than the
highest mineral N level ie. 88 kg N/ha.

Compared with the values at the time of transplanting, the available

" ammonium ~ N in soil in all treatments decreased up to panicle initiation.

A rapid decrease in available ammonium-N from transplanting to
maximum tillering could be mainly due to crop uptake. Watanabe and
Inubushi (1986) observed a rapid decrease in available ammonium in the
early stages of rice growth. They demonstrated that available ammonium
almost disappeared within 40 days after transplanting due to crop
uptake. At maximum tillering the effects of Leucaena green manure was
not reflected on the available ammonium-N sngmﬁcantly This could
be due to the possible nitrification activities in surface oxidized soil
layer. However, at the highest nitrogen level, available ammonium-N
were slightly higher. This denotes that some of the mineral N applied
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Table 22 Mean® available NH,*.N (ppm) in Maha season (1985/86).

Stage L. leucocephala N(kg/ha)
(mt/ha) 0 4 8

Transplanting 0 485 a 572 a 707 a

4 590 a 6.58 ab 783 a

8 862 b 811 b 1083 b

12 1153 ¢ 11.54 ¢ 1237 b
Maximum tillering 0 149 a 163 a 542 ab

' ' 4 205 a 222 a 6.15 a

8 263 a 233 a 568 ab

12 32 a 283 a 446 b
Panicle initiation 0 1.90 132 1.7

4 184 248 262 -

8 3.10 299 1.53

12 237 1.40 1.81
Harvest 0 4.62 516 553

4 424 4.57 591

8 497 5.85 5.28

12 5.05 522 5.84

*  mean of 3 replicates
mean followed by common letters in columns at each stage are not
significantly different at 5% level by DMRT.

as top dressings two weeks after transplanting have contributed to
increase the available ammonium - N in soil.

No significant differences in exchangeable ammonium was observed
at ‘panicle initiation. A similar tendency could be seen at harvest even
though there was an accumulation of available ammonium in soil. This
accumulation could be due to less uptake of N at the latter part of rice
growth and also possibly due to ammonification processes of native soil
organic N. The pattern of available ammonium during the plant life was
almost consistent for all levels of mineral nitrogen which exhibit- typical
changes of available ammonium-N in puddled soils. Khind et al,
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(1985) observed similar changes in avallable ammomum in irrigated rice
with the incorporation of Sesbania . aculeata two weeks before
transplanting.

As in Maha similar results could be observed in the Yala season
also (Table 3). At transplanting leucaena incorporation has significantly
increased the available ammonium-N only at 44 and 88 kg N/ha
applied treatments. Incorporation of Leucaena more than 4 mt/ha has
a resulted greater available ammonium-N than that of the lnghest
mineral nitrogen treatment. This confirms the findings of the previous
experiment in Maha season. Ammonium - N levels were relatively higher
in Yala than the Maha season at transplanting stage. The residual
substances of incorporated Leucaena in the previous season, may have
provided additional absorption sites for the retention of ammonium ions

" that were originated from mineral N as well as from Leucaena green

manure.

At maximum tillering and panicle initiation similar trend could be
observed as in previous season. At harvest the available ammonium -
N in soil were very low. Neither the application of Leucaena nor the
mineral N fertiliser were reflected at this stage. This was possible due
to the high nitrification activity under oxidized conditions. Therefore
whatever the ammonium ions produced could have transformed into
nitrates. The available ammonium mobility was comparable to wet
season confirming the general release pattern of ammonium in wet land
rice soils.

The yields obtained in Yala season is fairly comparable with the
available ammonium —N levels in the soil. In the control plot the grain
yield in Yala season was greater than that of Yala. This could be due
to higher nitrate concentration in irrigation water in the Yala season
(Kendaragama, 1988). .

The results of this experiment indicate the suitability of Leucaena
green manure as a substitute ‘for mineral N application. The most
effective application level was 8 mt/ha which was in par with the highest
mineral nitrogen application. Further studies have to be undertaken to
ascertain the efficiency of green manure in practically feasible quantities
and the times of application of mineral nitrogen fertiliser as well as
Leucaena green manure.
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Table 3. Mean* available NH,*.N (ppm) Yala season (1986).

Stage L. leucocephala ' N(kg/ha)
(mt/ha) 0 44 88
Transplanting 0 515 a 527 a 682 a
' 4 849 a 751 a 1560 b
8 881 a 1337 b 1579 b
12 1043 ¢ 2134 ¢ 17279 b
Maximum tillering 0 2.95 562 3.94
4 382 6.01 424
8 4.55 6.72 531
12 381 5.37 6.32
Panicle initiation 0 3.30 3.79 3.74
4 372 344 490
8 531 447 597
12 5.51 535 82
Harvest 0 048 08 . 1.09
4 116 0385 1.23
8 114 111 193
12 2.01 1.57 37

*  mean of 3 replicates
mean followed by common letters in columns at each stage are not
significantly different at 5% level by DMRT.
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Table 4. Mean® rice grain yield (nit/Ba) in Maha (1985/86) and Yala
(1986) seasons. '
Season L. leucocephala ' N (kg/ha)
(mt/ha) 0 4 88
Maha -0 185 a 406 a 454 a
4 370 b 431 a 4.79 ab
8 499 ¢ 5270 483 b
12 562 ¢ 562 b 546 b
Yala 0 243 a 392 a 440 a
4 411 b 435 ab 450 a
8 464 b 5280 474 a
12 402 ¢ 411 b 467 a

* mean of 3 replicates
means followed by common letters in columns at each seasons are not
significantly different at 5% level by DMRT.
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It would be appropriate to test the performance of rice with
Leucaena application in other soils too.
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