





rice in relation to the germination and establishment
of dry season crops in two management practices —
delay of planting and type of cultivation — both
under continuous drying conditions.

Materials and Methods

To ensure continuous and progressive drying con-
ditions, a 15 m x 6 m PVC rain shelter was set up
over selected ricefields at Ngale and Jambegede.
These fields were adjacent to the ongoing E2 exper-
iments of Project 8938 (So et al., these Proceedings).
At Ngale, these experiments were conducted on a
Vertisol and at Jambegede on an Andosol (Schafer,
these Proceedings). The ricefields were drained one
week before harvest and harvesting was carried out
after the rain shelter had been set up, to maintain soil
water conditions at harvest as close to those expected
outside the rainshelter.

A split-split plot experiment was set up with treat-
ments similar to those in the E2 experiment of
Project 8938, except for the gypsum treatment which
was left out. The treatments consisted of 3 culti-
vations x 3 periods of sowing delay x 3 legume
species x 3 replicates resulting in a total of 81 plots.
Delay in sowing was the main plot with cultivation
as subplot and species as sub-subplot. The delay in
sowing was 3, 10 and 17 days after rice harvest at
Ngale and 4, 11 and 18 days at Jambegede. Culti-
vation treatments consisted of zero tillage, zero
tillage with mulch (§ t/ha dry rice straw) and culti-
vation by a hand-operated hoe to 12.5 cm depth. The
three legume species used were mungbean cv. Walet,
peanut cv. Kelinci and soybean cv. Wilis.

Each subplot was 1.5 m x 1.5 m and seeds were
planted with a spatial arrangement of 15 x 15 cm
with 2 seeds/hole. Planting was conducted using an
ordinary sharpened dibbling stick which created a
hole 5 cm deep and 4 cm wide at the top. Seeds were
placed in the hole and covered by moist sand.
Drainage ditches were provided around plots. Side
covers of the shelter were left open, but closed
during rainfall events to prevent rain entering the
shelter.

Rice harvest at Ngale occurred on 20 March 1994
and at Jambegede on 23 April 1994.

Emergence was recorded daily, starting at four
days after sowing (DAS) until 14 DAS. At 14 days,
seeds which failed to germinate or to emerge were
counted and the cause of failure noted. Measurement
of soil physical properties was limited to soil tem-
perature and water content. Soil temperature at the
soil surface, 2.5, 5 and 10 cm soil depths was
measured using thermocouples buried in the field at
corresponding depths. During the first 48 hours,
readings were made every hour to obtain the tem-
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perature diurnal cycle during 24 hours as well as the
time when the maximal temperature occurred for
each depth. On the following days, daily recording
was done at these times. Soil water content in every
centimetre for the first 10 cm, and every 2.5 cm
between 10 and 20 cm of soil depths was measured
by gravimetric method.

The seed viability (potential for germination) was
determined in the laboratory using the standard
germination test (ISTA, 1985).

Results and Discussion

Tables 1 and 2 show the data on emergence (the
appearance of the seedling at the soil surface), ger-
mination (radicle has pierced the seed coat) and
emergence failures for Jambegede and Ngale. The
latter refers to germinated seeds that failed to emerge
(i.e. germination minus emergence). In almost all
cases, the failure of seeds to germinate was greater
than the failure to emerge, indicating that germi-
nation rather than emergence was limiting. Table 3
shows the range of soil water potentials during the
first 4 days and 14 days after sowing for the two
sites. In general, the heavy clay soil at Ngale was
lower in water potential than the lighter soils of
Jambegede although visually the Ngale soil may
appear wetter.

A comparison of the three legume species shows
that the emergence of mungbean was excellent in the
lower soil water potentials at Ngale (92.9 + 4.25%),
followed by soybean (80.9 = 14.8%) and peanut
(64.1 = 23%). In the higher soil water potentials at
Jambegede, soybean performed best (94.8 + 2.7%)
followed by mungbean (70.7 = 8.7%) and peanut
(69.9 = 7.7%). The viability of the seedlots was
tested in the laboratory using sandboxes and the
results indicated that the germination of mungbean
was 96%, soybean 81.7% and peanut 88.7%.

So (1987) pointed out that for germination to be
successful, the seed had to take up water at a suf-
ficiently rapid rate and reach a critical water content
necessary for germination processes to be initiated
before other factors (such as fungal or bacteria
infection) prevent it from completing the process. On
the basis of seed size, critical water content and the
associated rates of germination (Dart et al. 1992), it
was expected that establishment would be best and
most rapid in mungbean followed by soybean and
peanut. The sequence between mungbean and soy-
bean was, however, reversed in the wetter soil of
Jambegede as a result of the high incidence of seed
rot (Table 1) at 19.4% compared to 5.5% at Ngale. A
higher incidence of seed rot was also observed with
soybean at Ngale (10.9%) compared to 3.3% at
Jambegede, probably associated with the cropping



Table 1. Emergence data for Jambegede.

Treatments Mungbean Peanut Soybean
Delay Typeof % Emerg. % Failure % Failure % Emerg. % Failure % Failure % Emerg. % Failure % Failure
of cult. of germ. to emerg. of germ. to emerg. to germ. to emerg.
plant.
DO C1 78.9 16.6 4.4 82.2 78 10 94.4 33 22
9.59) (9.82) (3.14) (5.66) 4.14) (2.71) (1.60) 2.72) (3.149)
C2 833 111 5.6 82. 11.1 6.7 96.7 33 0
@.71) (6.85) (4.16) (4.15) (3.13) 4.71) (2.74) (2.72) 0)
C3 76.7 16.6 6.6 723 15.5 12.2 91.1 4.4 4.4
(7.22) (2.69) (7.17) (12.84) 6.27) (6.85) (6.86) 4.15) (3.19)
Average (D0) 79.6 14.8 55 78.9 115 9.6 94.1 3.7 2.2
D1 C1 64.5 255 10 61.2 255 133 96.7 22 1.1
@17 (1.58) (5.42) (18.51)  (13.69) (8.17) 4.71) (3.14) (1.56)
C2 66.3 322 1.1 65.6 26.6 7.8 94.4 1.1 44
(2.3) (1.58) (1.57) (12.54) (11.84) (1.57) (4.16) (1.57) (4.16)
Cc3 80 14.4 5.6 66.7 222 11.1 91.1 5.6 33
(9.43) (6.84) (4.16) (7.18) (6.86) (4.13) (3.11) (3.149) ©)
Average (D1) 70.3 24 5.6 64.5 24.8 10.7 94.1 3 2.9
D2 C1 62.2 na na 60 na na 97.8 na na
(5.66) (7.21) (1.56)
Cc2 67.8 na na 722 na na 98.9 na na
(1.56) (4.15) (1.56)
C3 56.7 na na 66.7 na na 92.2 na na
(5.43) (7.22) (6.32)
Average (D2) 62.2 na na 66.3 na na 96.3 na na
Mean C1 68.5 21.1 7.2 67.8 16.6 11.7 96.3 2.8 1.7
Mean C2 72.5 21.7 34 73.3 18.9 7.3 96.7 22 22
Mean C3 714 15.5 6.1 68.6 18.9 11.7 91.5 5 3.9
Overall mean 70.7 19.4* 5.5*% 69.9 18.1* 10.18* 94.8 3.3* 2.6
(species) (10.68) ©.2) (2.65) (1254) (11.17) (2.33) 4.92) (3.33) (1.64)
LSD 5% for
species: 5.01

delay of planting: 7.49

cultivation: 4.35

*: averaged from 2 treatments (D 0 and D 1)

na: not available

history of the region where soybean is a common
crop after rice, indicating the presence of soil-borne
diseases specific for soybean.

At Jambegede, mungbean is a common crop and
the appropriate fungus is likely to be present in that
soil. The high incidence of germination failure in
peanuts was not associated with fungal infection, but
rather with poor seed soil contact as seeds were
generally intact. In peanut, a significant proportion
of germinated seeds failed to emerge (10% to 13%)
probably as a result of the high soil strength at the
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time of emergence. Even though the germination of
these three legumes occurred at around the same
time, peanut emergence was a lot slower than the
other legumes (the emergence for mungbean and
soybean started at 3-4 DAS compared to 6-7 DAS
for peanut).

In the absence of rain, an increasing period of
delay in sowing legumes after the rice harvest
generally reduced the emergence and establishment
of legumes at both Jambegede and Ngale except for
mungbean at Ngale and soybean at Jambegede.



Table 2. Emergence data for Ngale.

Treatment Mungbean Peanut Soybean
Delay Type % Emerg. % Failure % Failure % Emerg. % Failure % Failure % Emerg. % Failure % Failure
of of of germ. of emerg. of germ. of emerg. of germ. of emerg.
plant.  cult.
DO C1 96.1 2.8 1.1 82.8 33 13.9 94.4 0 5.6
(1.56) 1.57) (1.57) (4 12) (0.005) (4.15) (1.60) ©) 1.57)
C2 98.9 0 1.1 11.1 17.8 96.1 1.7 22
(1.56) ) (1 S7) (8 65) (5.14) (8.23) (0.80) (2.36) (1 57)
C3 91.1 55 33 583 25.6 16.1 90.6 33
(5.64) (3.38) (2.36) (13.84) (13.07) (0.80) 4.79) (1.36) (4 38)
Average (D0) 95.4 2.8 1.8 70.7 133 15.9 93.7 1.7 4.6
D1 C1 93.9 6.1 0 90 4.4 56 87.2 83 45
(2.08) (2 08) ©) (4.88) (2 08) (4 16) (4.37) (2.36) (2.08)
(07 94.5 0 87.8 80 8.9 11.1
(2.08) (2 08) ) (6.32) (4 54) (3 54) (17.04) (6.15) (11 1)
C3 90.6 8.9 0.6 62.2 27.2 10.6 1.7 20
6.27) (6.70) (0.78) (9.08) (1.58) (7.50) (14.29) (12.07) (3 61)
Average (D1) 93.0 6.9 0.2 80 12.3 7.7 79.6 12.4 8
D2 C1 94.4 5 0.6 54.5 30 155 82.8 6.1 11.1
(0.80) (1.36) (0 78) (10.35) (5.91) (5.66) (8.16) (5.13) (8.62)
C2 93.4 33 33 61.1 25.6 133 81.7 9.4 8.9
(2.36) (1.36) (2 72) (11.3) (11.56) (3.58) 2.74) 4.37) (2.84)
C3 82.8 12.8 9.4 739 16.7 444 40.6 15
(4.37) (3.9 (0 79) (5.53) (3.96) (2.36) (12.28) 11 2.74)
Average (D2) 90.2 7 2.8 41.7 43.2 15.2 69.6 18.7 11.7
Mean C1 94.8 4.6 0.6 75.8 12.5 11.7 88.1 4.8 71
Mean C2 95.6 2.9 15 733 <14 12.7 85.9 6.7 74
Mean C3 88.2 9.01 2.7 43.3 42.2 14.5 68.9 21.3 9.8
Overall mean 92.9 55 1.6 64.1 229 12.9 80.9 10.9 8.1
(species) (4.25) (3.46) (1.54) (23.0) (20.69) (4.09) (14.79)  (11.84) (3.72)
LSD 5% for
species: 4.81

delay of planting: 9.99
cultivation: 4.05

Increasing the period of sowing delay results in
lower water potentials (Table 3). Therefore, the rate
of water uptake by the seed and hence germination
will be reduced and the opportunity for fungal
infection will be increased.

However, Bewley and Black (1985) reported that
germination is not affected by soil water potential
(pF) unless pF values are very high and if biotic
factors are controlled. This is probably the case with
mungbean at Ngale and soybean at Jambegede,
where specific fungi were most likely absent at that
time. Thus, it appeared that under the conditions of
this experiment, the reduction in establishment with
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delay in sowing was strongly associated with
increased opportunity for fungal infection due to the
reduced rate of germination. Therefore, in such cases
the use of appropriate fungicides for seed treatment
may alleviate some or all of the problem. It should
be noted that this experiment was carried out in East
Java where the transition from the rainy season to the
dry season is gradual. Therefore, drying conditions
during the experiment were relatively mild. The
effect of increasing delay in sowing on seed germi-
nation and emergence will most likely be greater if
the rate of soil drying is increased, e.g. in drier areas
with an abrupt end to the rainy season.



The effects of cultivation and mulch on legume
establishment were not clear from this experiment.
Cultivation on the top 12.5 cm with the traditional
hoe (treatment C3) resulted in greater rate of soil
drying and higher pF values. This effect was greater
in the lighter textured soil of Jambegede (Table 3).
The soil at Jambegede, with a plant available water
capacity (PAWC) of 0.14 m3*/m?, was higher in water
potentials than Ngale immediately after rice harvest,
but after 17 days it became lower in water potential
than the Ngale soil which can hold a greater amount
of water (PAWC of 0.32 m%/m?).

The use of 5 t/ha of rice straw as soil mulch was
intended to preserve water at the surface; however,
the data show that it did not affect the soil water
potential at the seed placement zone to any signifi-
cant extent. With the increased drying rate of the
soil, cultivation results in reduced germination and
emergence particularly on the heavy clay soils at
Ngale which tends to produce a cloddy surface soil.
The failure to germinate in this soil under the C3
treatment is largely associated with poor seed soil
contact due to the loss of sand cover into the broken
seed hole and therefore reduced rate of water uptake.
Cultivation has very little effect on the germination
or emergence of any of the legumes in the Jambe-
gede soils, probably because this soil displays more
friable surface conditions as a result of cultivation,
with better seed soil contact. The use of mulch on the
two soils had very little effect on seed emergence
and was consistent with the negligible effect on soil
water potential.

The data reported in this paper can be extrapolated
to other soil conditions with different environmental
constraints if a generalised model of establishment

can be developed from this data set. In the absence
of biotic constraints, controlled laboratory exper-
iments have shown that germination of mungbean,
soybean and peanut was strongly related to soil water
potentials and temperatures, assuming seed soil
water contact was not limiting. The relationship
between these two factors and germination was
expressed by the equations:

Mungbean:
Y= ~21.235 + 9.185T - 0.165T% + 52.453pF -
17.295pF?, r?= 0.865, n= 30

Soybean:
Y= 14254 + 7.837T - 0.164T% + 53.931pF -
17.339pF?, r°= 0.843, n= 30

Peanut:
Y= ~40.221 + 11.654T - 0.223T? + 33.855pF -
13.202pF?, r2= 0.843, n= 30.

A similar relationship was obtained with Aus-
tralian cultivars (Rahmianna 1993). Soil tem-
peratures during the experiment were relatively
constant at around 28-33°C. In Figure 1, the pre-
dicted germination as a function of soil water
potential (pF) was plotted for temperatures between
28 and 33 °C using the equations above. The agree-
ment of actual to predicted data is good, except at the
lower pF values (i.e. higher soil water potentials).
The data from Jambegede at low pF values were sig-
nificantly lower than predicted because of increased
fungal infections on mungbean at these low pF
values. In peanut the data tended to be lower than
predicted, largely associated with poor seed soil con-
tact resulting in 18% to 23% of germination failure
(seeds failed to swell).

Table 3. The range of soil water potentials as pF scale in the various combinations of sowing delay and type of cultivation
at Jambegede and Ngale for the periods of 0 to 4 days and 14 days after sowing (DAS).

Treatments Range of water potential (pF scale) after sowing
Sowing delay  Type of cultivation Jambegede Ngale
04 DAS 0-14 DAS 0-4 DAS 0-14 DAS
DO C1 0-1.65 0-2.4 2.25-2.35 2.25-2.75
C2 0 0-2.55 2.7-2.65 2.7-29
C3 0-2.2 0-3.75 2.55-2.45 2.55-3.05
D1 C1 2.3-2.55 2.3-2.55 2.65-2.6 2.65-2.85
c2 22-2.15 2.2-2.55 2.65-2.8 2.65-3.3
C3 3.05-3.25 3.05-3.85 2.85-3.2 2.85-33
D2 C1 2.4-2.65 2.4-3.15 2.75-2.8 2.75-3.45
(67 2.55-2.6 2.55-2.95 2.9-29 2.9-3.45
C3 3.75-3.9 3.75-4.8 3.05-3.45 3.05-4.05
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Figure 1. The relationship between germination and water potential for 3 different legumes. (Observed germinations were
derived as the sum of % emergence and % failure to emerge in Tables 1 and 2.)

Conclusion

Establishment of legumes following rainfed lowland
rice can be an important constraint to legume yield,
particularly in the more arid areas of the tropics. The
success of germination and emergence of dry season
legumes after rice harvest is strongly affected by the
rate of water uptake by the seed. This in turn may be
affected by the period of sowing delay, cultivation of
the surface soil if it increased the rate of soil drying
and the application of mulch if it reduced the rate of
soil drying. The emergence of these legumes can be
predicted with reasonable accuracy from laboratory
based germination characteristics of the seed.
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Sowing Techniques for Grain Legumes Planted after
Lowland Rice in the Philippines

W.B. Sanidad!

Abstract

Traditionally the farming technique used by the Filipino farmer is broadcasting mungbean after
rice harvest followed by harrowing. Combined with low management inputs, this technique
usually results in low yields of mungbean ranging 0.45-0.8 t/ha. New improved practices have
been introduced resulting in significantly higher mungbean yields. Two studies comparing the
traditional and improved practices are discussed.

FARMERS in the Philippines usually adopt new tech-
nology in a piece-by-piece manner depending on
what suits their current interest most. Commonly the
production components adopted are crop variety and
the method of planting. New or altered sowing
methods are often adopted more readily and before
modern varieties are adopted over and above
traditional varieties.

Traditional Farmers’ Management
Practice (FP)

Traditionally local mungbean varieties and seed from
the previous harvest are used by Filipino farmers.
Mungbean is grown during the dry season (sowing in
November to December) after rice harvest and it
matures into increasingly drier conditions during the
dry season. Sowing during the drier months,
February to April, when the probability of typhoons
occurring has decreased, often results in water stress
(Cagampang et al. 1977; Ronduen et al. 1992).

Following the wet season rice crop, mungbean is
usually broadcast planted or plough-broadcast-
harrow (PBH) planted. The crop water requirements
must be met by residual soil water left over from the
flooded rice crop and dry season rainfall if irrigation
is not available. Due to the relatively high chance of
low yields or the risk of losing the crop, management
input is kept low. Fertilisation of legumes, including
mungbean, is normally not practised. Cultural prac-
tices are simple and inexpensive, with low yield levels
generally ranging from 0.45 to 0.8 t/ha (Herrera et al.

1Bureau of Soil and Water Management, Cnr Elliptical Rd
and Visayas Avenue, Quezon City 1100, Philippines
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1977). Low yields are caused by poor stand and low
management input. Sometimes other seeding prac-
tices are used where seeds are placed in furrows, on
ridges or dibbled between previous rice hills (which
is laborious). Disadvantages for furrow seeding are
increased chances of waterlogging following rainfall,
accelerated soil drying on ridges and increased risk of
early water stress.

Weed control is a problem affecting all types of
sowing. However, if optimum plant density for max-
imum yield of 400000 to 500000 can be achieved,
weeds are controlled by the mungbean crop itself.
Average yield for these population densities is about
.45 t/ha (Cagampang et al. 1977).

The Improved Practice (IP)

Use of improved practices for mungbean planting
was initiated as the ‘Mungbean Development Action
Project of the Philippines’ from 1987-89. Improve-
ments over traditional mungbean culture practice
included the use of an improved variety (BPI Mg 9),
rhizobium inoculation, and the drill or dibbling
method for planting. The drill method for planting
places 18-22 seeds per metre. After seedlings are
established they are thinned to 15-20 plants per
metre to optimise population density. Distance
between rows is 50-70 cm (Ronduen et al. 1992).

Due to its short growing period of 60 to 65 days,
mungbean can be grown on residual moisture fol-
lowing wetland rice (Zandstra 1982) and it is
regarded as the most common upland crop grown
after rice. In the Philippines, annual production area
for mungbean is 37 000 ha with a total yield of about
26000 t (Tenedora et al. 1990).



Experiments have been conducted to identify
improved techniques for the production of upland
crops. Emphasis was placed on improved crop estab-
lishment for a better crop stand and to reduce the
turnaround time between crops. Studies on planting
methods for mungbean following transplanted rice in
the Philippines are presented below.

Dibbling Planting Methods vs Farmers’
Practice (FP)

The three-year pilot trial of the Philippine ‘Mungbean
Development Project’ compared traditional farmers’
practice of planting (FP) with the improved method,
IP (i.e., mungbean variety (BPI Mg 9), addition of
rhizobium, no irrigation, no fertilisation and dib-
bling). Table 1 shows the yields obtained using FP
and IP at different locations in the provinces of East
Northern Luzon (Nueva Viscaya, Isabela, Cagayan).
In 1987, highest yields recorded were greater using IP
compared to FP, but little differences were observed
in 1988. Lowest yields recorded were similar in both
years for IP and FP. These results indicate that [P is
no guarantee of higher yields but that the yield poten-
tial is higher using IP compared to FP. It is possible
to propose that IP has little effect on yield under dif-
ficult climatic conditions but that improved yields can
be expected under favourable climatic conditions.
This was probably the main reason why farmers
changed to IP in 1989 (Table 1).

In another study, the Philippine Bureau of Soils
and Water Management (BSWM) in collaboration
with ACIAR (Project 8938) investigated the effects
of degree of puddling on soil physical properties,
growth and yield of dry season crops following wet-
land rice. Four degrees of puddling were imposed
during soil preparation for rice crops grown on
medium and heavy-textured soils in Pangasinan
(Manaoag) and Bulacan (San Ildefonso) provinces,
respectively. Puddling treatments were: P1 — dry
cultivation prior to submergence; P2 — one wet

ploughing and harrowing using a draught animal; P3
— two wet ploughings and harrowings using a
draught animal; P4 — two wet cultivations with a
rototiller. The puddling treatments were combined
with two tillage treatments (zero till-dibbled vs
(ZTD) PBH) for the mungbean crop.

Table 1. Grain yield (t/ha) of BPI Mg 9 under two
planting methods (Ronduen et al. 1992).

Year FP P FP 1P FP 1P

Lowest Highest Average
1987! 025 031 1.88 256 0816 124
19882 016 019 196 1.9 1050 136
19893 — 0.40 2.60 — 1.36

1 No irrigation/no fertilisation.

2 Average of 65 ha area jnvolving 93 cooperators (Isabela).
3Average of 112 ha involving 267 farm cooperators
(Region 2). No data gathered for FP due to increasing
number of farmer cooperators shifting to IP.

Table 2 summarises the mungbean yields obtained
during the three-year study. Puddling intensity had
no effect on the grain yield of mungbean on both
sites, except during the first year on the light-
textured soil at Manaoag (Pangasinan) where yields
tended to be increased by increasing puddling inten-
sity in the PBH treatments. There were no significant
differences between ZTD and PBH (Table 2).
Average yield in Manaoag for PBH was 0.92 t/ha
and for ZTD 0.88 t/ha, for Bulacan 0.17 and
0.24 t/ha respectively for PBH and ZTD. This
suggested that the conventional farmers’ practice of
PBH in Manaoag does not increase yields; in con-
trast the trend for using ZTD as part of an improved
sowing method tends to depress yields. This con-
firmed an earlier study by Ronduen et al. (1992) who
reported that the farmers were not left behind in
terms of technology in growing legumes after rice. In

Table 2. Grain yield (t/ha) of Pagasa #7 as affected by four puddling treatments in combination with two tillage treatments.

Pangasinan Bulacan
1992-93 1993-94 199495 1992-93* 1993-94 1994-95
PBH ZTD PBH ZTD PBH ZTD PBH ZTD PBH ZTD PBH ZTD
P1 086 095 078  0.69 087 075 016 0.10 018 0.13 020 024
P2 113 1.07 085 082 1.07 0.68 014 011 0.16 022 020 0.17
P3 105 115 091 083 069 084 009 067 033 028 010 033
P4 102 125 083 081 1.00  0.67 0.09 0.10 021 014 018 0.36
Mean 1.01 111 084 079 091 074 012 025 022 019 0.17 0.28

*Total biomass.

Differences are not significant.
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Bulacan, yields were too low to be economical, even
though ZTD tended to perform better compared to
PBH. However, on both sites the crop stand tended
to be better when mungbean was dibbled between
rice rows instead of broadcast. Advantages for using
PBH were better weed control compared to ZTD, but
ZTD decreases turnaround time between crops, and
so reduces water loss.

Tillage/planting Methods for Legumes
Following Irrigated Rice in Previously
Puddled Soil

A multi-agency study was conducted to investigate
the use of post-rice residual soil moisture by dry
season mungbean. It was carried out at Friar Lands
River Irrigation System (FLRIS) and at Sta Cruz RIS
(SCRIS) in the province of Laguna in 1988 and
funded by the Rockefeller Foundation involving the
BWSM, IRRI, National Irrigation Administration
(NIA) and Central Luzon State University (CLSU).
The effects of seeding delay, seeding method and
tillage on grain yield were evaluated. Three tillage
methods were applied: None; conventional ploughing
and harrowing; and deep strip tillage to 35 cm depth
along the seedlings to promote deep rooting and
effective use of residual soil moisture. Manual
seeding and seeding by an inverted T-seeder were
compared. Mungbean was sown 12, 16, and 20 days
after field drainage. Table 3 shows that deep strip
tillage combined with manual precision seeding gave
the highest grain yield of 1.9 t/ha. It is important to
note that this was achieved without irrigation, no fer-
tilizer, only 10 mm rainfall and with the watertable
below 0.7 m (Tenedora et al. 1990). It clearly showed
that high yields are possible even if the crop relies on
residual soil water from the rice crop.

The effects of tillage, mulch application and
irrigation on growth and yield of dry season mung-
bean were evaluated in trials at the Upper Talavera
RIS (UTRIS) in the province of Nueva Ecija. The
tillage/seeding methods used were: (1) tillage fol-
lowed by row planting of mungbean; (2) farmers’
method of ploughing the field then broadcasting the
seeds and then harrowing; (3) conventional
ploughing and harrowing followed by row planting;
and (4) deep strip tillage followed by conventional
tillage with row planting of mungbean. Tillage treat-
ments were coupled with mulch and irrigation treat-
ments. A no-mulch application was compared with
rice-straw mulch at the rate of 1.6 t/ha, dryland was
compared with irrigation of 80 mm at 38 days after
sowing. The soil was fine, loamy, mixed Isohyper-
thermic Typic Tropaquept.

Results for 1988 for the mungbean crop are sum-
marised in Table 4. To be able to compare yields
between tillage treatments, yields were adjusted for
equal plant population. The average response to deep
or conventional tillage was an increase of 40% with
an uncertainty of 20%. However, deep tillage
without mulch application decreased yield by 20%
with an uncertainty of 20%. Mulching had a
relatively small effect on emergence and plant height
but increased yields by 26%. This increase is largely
due to water conservation and increased water avail-
ability towards the end of the growing cycle. The
large response to irrigation showed that soil water
was the major limiting factor. Together with
mulching, irrigation increased yield by 49%. The
constraints that caused the low yields under no-
tillage, no-mulch and unirrigated were low
emergence because of high seed zone strength, low
fertility and heat stress in the hot Nueva Ecija
environment (Tenedora et al. 1990).

Table 3. Use of post-rice residual soil moisture by dry season CES-1d-21 mungbean; effects on grain yield of seeding
delay, seeding method, and tillage, FLRIS and SCRIS, Laguna, (Tenedora et al. 1990, unpublished data).

Tillage method Seeding method Seeding delay (days)

122 162 200 20¢

Grain yield (t/ha)?

None Manual 1.5 1.0 1.6 1.6
Conventional Manual 14 0.8 1.5 13
Deep strip® Manual 1.6 1.9
None INV-T 1.1 1.1
Conventional INV-T 1.0 0.9
Standard error of difference 0.1 0.2 0.1 0.1

aFLRIS, 1988. PFLRIS, 1987. °SCRIS, 1987. dno irrigation, no fertilizer, 10 mm rainfall, watertable below 0.7 m. © Tillage

to 35 cm depth along seedlines to promote deep rooting and effective use of residual soil moisture.
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Table 4. Effect of tillage, irrigation and seedling mulch on the yield of CES-id-21 dry season mungbean, Upper Talavera
River Irrigation System, Nueva Ecija, 1988 (Tenedora et al. 1990, unpublished data).

Tillage response:
For yield adjusted for equal plant populations:

Average response to deep or conventional tillage: +40 = 20%

Except non-mulched, deep tilled (deep cracks): -20 = 20%
Mulch response:

Emergence: +9%; Plant height: +9% Yield: +26%
Irrigation response:

Plant height: +20%; Yield: +21%

Interactions:

Mulch irrigation: Yield: +49%

Nontilled, nonmulched, nonirrigated:
Deep tilled, mulched, irrigated:

PBH: Mulch more effective than irrigation
Plant height higher with mulch if irrigated
Plant height unchanged by mulch if not irrigated

Constraints on yield:
Emergence (seed zone strength); fertility; heat stress

0.33 +0.03 t/ha
0.69 + 17 t/ha

Future Research

Mungbean grown with low levels of management
after rice offers considerable potential for using
underutilised land resources. This can provide food
for the ever increasing population of Asia. However,
a better understanding of factors influencing sustain-
able food legume production systems for different
production systems, soils and farm resources is
needed. Development of planting methods that will
stabilise grain yield of legumes to economic levels
deserves greater attention.

References

Cagampang, 1.C., Samson, O.F. and Micosa, J.C. 1977.
Some studies on production management of mungbean
in UPLBCA. In: Cowell, R., ed., Proceedings First Inter-
national Mungbean Symposium. AVRDC, Taiwan.

119

Herrera, W.T., Zandstra, H.G. and Liboon, S.P. 1977. The
management of mungbean in rice-based cropping
systems. In: Cowell, R., ed., Proceedings First Inter-
national Mungbean Symposium. AVRDC, Taiwan.

Ronduen, A.A., Perdido, V.C., Olinares, R.B., de Guzman,
L.A. and Doca, F.O. 1992. Mungbean development
project. Philippine Agricultural Research Journal V.1
No. 1.

Tenedora, M.E., Savares-Sarile, T.R. and Woodhead, T.
1990. Tillage and soil-water management for high
production of legumes following irrigated lowland
rice. Paper presented to the IRRI seminar. February,
1990.

Zandstra, H.G. 1982, Effect of soil moisture and texture on

_ the growth of upland crops after wetland rice. In: Report
of a workshop on cropping systems research in Asia.
International Rice Research Institute, Los Bafos,
Laguna, Philippines, 43—54.



An Examination of the Dibbling Technique for Sowing
Legumes after Rice

A.A. Rahmiannal, H.B. So2?, G. Kirchhofi, Sumarno?
and T. Adisarwanto?

Abstract

Normal dibbling using an ordinary sharpened stick which creates a hole with a width of approxi-
mately 4 cm at the top, without depth control, and improper seed cover, is the common dibbling
technique used by farmers in Indonesia. An experiment to evaluate the success of this traditional
dibbling technique was conducted in rainfed lowland rice-based cropping systems at Ngale and
Jambegede, East Java. The results showed that the farmers’ dibbling technique used for planting
grain legumes after rainfed lowland rice was appropriate for East Java conditions. Deeper seed
placement (up to 7 cm depth) was not detrimental and also resulted in good germination. Seed
quality was the major factor for the success of emergence. However, low levels of establishment
observed on farmers’ fields should be researched further to investigate the effect of seed quality,
biotic factors such as fungal and pest attacks and abiotic factors, in particular, the soil physical

conditions.

THE methods for sowing seed can be divided into
two categories: (1) surface sowing and (2) drilling
the seed into the soil (Pratley and Corbin 1994).
Many reports concluded that there is not one sowing
method which is better than others, since the success
of any one sowing method in terms of germination
and establishment is not consistent on all soil types,
soil water relationship, plant species and climatic
conditions.

One of the major problems in growing grain
legumes in a rice-based cropping system is obtaining
a good crop stand. However, plant establishment is
generally poor. Inferior seed quality, inadequate land
preparation, fungal and pest attacks, poor soil
drainage as well as inappropriate methods of
planting contribute to poor establishment. Broad-
casting mungbean or soybean seeds into a standing
rice stubble before or immediately after harvest is
common among farmers in Indonesia, Philippines
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and Thailand because of its simplicity (Syarifuddin
1982; Irawan and Lancon 1992; Bastari 1992;
Chainuvati 1992; Sumarno and Adisarwanto 1992;
Adisarwanto et al. 1994; Radjit 1994).

In Indonesia, broadcasting is recommended when
the soil is not adequately drained (Suyamto et al.
1989), even though this method may reduce the
number of plants by 30% because of the failure of
the seeds to germinate (Syarifuddin 1982; Sumarno
et al. 1988). In the Philippines and Thailand, farmers
on small plots often plant by hand and cover the seed
using simple implements, e.g. a twig (Sarobol et al.
1992) or a foot (IRRT 1982). Seed placement as well
as depth of seeding together with maximum length of
hypocotyl may affect seedling emergence.

Dibbling legume seeds into the soil, either in
rows, randomly or directly into the rice stubble, is
practised in many places in Indonesia and Thailand
(Sumarno et al. 1988; Irawan and Lancon 1992;
Virakul 1992; Benjasil et al. 1992; Gypmantasiri
1992; Sarobol et al. 1992). A recommended practice
is to sow grain legumes after lowland rice by
dibbling into well-drained soil (Suyamto et al. 1989;
Sumarno 1991; Irawan and Lancon 1992). This is
preferred over the broadcast method which is associ-
ated with poor spatial distribution, poor seed—soil



contact, and excessive seed loss caused by ants and
birds (Cardwell 1984; Pratley and Cobin 1994).
However, dibbling is time-consuming, labour-
intensive and requires extra expenses for ash/
compost/straw to ensure adequate seed cover
(Benjasil et al. 1992; Gypmantasiri 1992).

This paper reports on the results from a dibbling
trial on the tropical grain legumes mungbean, peanut
and soybean. The objective of the trial was to deter-
mine the factors affecting the success of the currently
used dibbling technique.

Materials and Methods

The experiment was conducted on a Vertisol at
Ngale and on an Andosol at Jambegede in East Java,
Indonesia (Schafer, these Proceedings) adjacent to
the E2 trial (So et al., these Proceedings). Due to
rainfall at Ngale, planting was delayed until 11 days
after rice harvest (3 April 1994) when the soil was
judged ready for dibbling. At Jambegede, it was
started sooner, seven days after rice harvest (1 May
1994).
A strip plot design was used to set up the exper-
iment. The treatments consisted of 6 types of
dibbling technique x 3 species x 5 replicates
resulting in a total of 90 plots. The six dibbling
methods were made up of a combination of depth
control, soil cover and shape of hole. These were:
(1) normal dibbling, with no depth control and no
soil cover (farmers’ practice);

(2) normal dibbling, with no depth control, with soil
cover;

(3) normal dibbling, with depth control, with no soil
cover;

(4) normal dibbling, with depth control and soil
cover;

(5) similar to (4) plus spike (to assist roots to
penetrate the soil); and

(6) narrow dibbling hole, with depth control and soil
cover.

Normal dibbling was produced using an ordinary
sharpened dibbling stick which created a hole with a
width of 4 cm at the top. A planting depth of 5 cm
was used for the depth control treatments. The non-
depth control treatment represented the farmers’
practice, seed placement depths varied from 4 cm to
7 cm and were mostly greater than 5 cm deep. Moist
sand was used as seed cover. The spike was made
with a wire 2 mm in diameter and 10 cm long, and it
was applied at the centre of the seed hole where the
seeds were placed afterwards. The narrow dibbling
hole was produced by a small stick with a width of
1cm at the top and the seed was planted at 5 cm
deep. The three legumes species, mungbean cv.
Walet, peanut cv. Kelinci and soybean cv. Wilis
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were used in these experiments. Each plot was
3x2m and seeds were planted with a spatial
arrangement of 15x 15cm with two seeds/hole
except for the narrow dibbling with one seed/hole.

Measurements of soil temperatures were taken at
the soil surface, 2.5, 5 and 10 cm depths using
thermocouples. The recordings of temperature were
made daily at the same time when the maximum
temperature occurred for each depth, obtained from
hourly recordings during the first 48 hours. Soil
water content in every centimetre for the first 10 cm,
and every 2.5 cm between 10 cm to 20 cm of soil
depth was measured by gravimetric method. Emer-
gence was recorded daily starting at four days after
sowing (DAS) until 14 DAS. At 14 DAS, seeds
which failed to germinate or emerge were counted
and the cause of failure recorded.

Results and Discussion

Data on germination (radicle has pierced the seed
coat), emergence (the appearance of the seedling at
the soil surface) and the failure of emergence (the
germinated seeds that failed to emerge) for mung-
bean, soybean and peanut planted at Jambegede and
Ngale are presented in Tables 1 and 2. The number
of peanut and soybean seeds that emerged was
smaller than the number of germinated seeds. Hence
the main limitation to establishment was the strength
of the dry surface soil or sand. The number of mung-
bean seedlings that failed to emerge was low,
whereas the number that failed to germinate was
high for all dibbling types at Jambegede. Table 3
shows the range of soil water potentials during the
first four days and 14 days after sowing for the two
sites. Similar to what had been obtained from the
crop establishment trial run inside the rainshelter
(Rahmianna et al., these Proceedings), the soil water
potentials at Jambegede were slightly higher com-
pared to the soil at Ngale, although there was more
rainfall at Ngale which had 76 mm, while there was
only 49 mm of rainfall at Jambegede during the first
14 days. Soil water potentials did not limit seedling
establishment.

Comparing the emergence of the three species
tested (Tables 1 and 2), mungbean performed best
(94% 3.83%), followed by peanut (69.1%
13.41%) and soybean (52.5% = 18.21%) in the lower
water potentials at Ngale. In the higher water
potentials at Jambegede, soybean performed best
(84.2% = 15.17%), followed by mungbean (72.4% =
7.91%) and peanut (50.5% =+ 13.3%). Compared to
the emergence at Ngale, mungbean emergence at
Jambegede was reduced by 21.6%. For soybean,
however, there was a sharp increase (32% approxi-
mately). The success of emergence of mungbean at

+

+
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Table 1. Emergence data for Jambegede.

Treatments Mungbean Peanut Soybean
% Emerg. % Failure % Failure % Emerg. % Failure % Failure % Emerg. % Failure % Failure
of germ. to emerge of germ. to emerge of germ. to emerge

T1 712 224 6.4 442 19.7 354 92.6 33 41
(8.45) (7.3) (3.83)

T2 72.8 204 6.8 46.6 10 43.4 95.8 1.1 31
(7.86) (9.69) (2.71)

T3 69.2 25.7 5.1 412 28.7 341 84.6 5.7 9.7
(12.43) (14.5) (5.43)

T4 74.8 18.0 72 458 85 43.1 91.2 44 44
(5.15) (9.45) (3.25)

TS 75.2 16.9 7.9 60.8 14.9 243 87.8 2.4 9.8
(4.53) (7.47) 4.31)

Té6 71.0 18.2 10.8 64.6 10.5 26.9 53.2 57 41.1
(3.58) (9.48) (8.47)

Average 72.4 20.31 7.34 50.5 15.38 34.53 84.2 3.77 12.04
(7.91) (3.13) (13.3) (8.99) (12.78) (15.2) (2.76) (14.21)

LSD 5% for species: 7.65

dibbling technique: 10.22
Table 2. Emergence data for Ngale.
Treatments Mungbean Peanut Soybean

% Emerg. % Failure % Failure

% Emerg. % Failure % Failure

% Emerg. % Failure % Failure

of germ. to emerge of germ. to emerge of germ. to emerge

T1 95.4 1.1 35 55.4 52 394 65.0 6.7 283
(2.06) 13.8) (4.64)

T2 95.4 46 0 778 1.2 21 62.6 82 292
(1.36) (4.96) (8.96)

T3 95.2 4.8 0 522 5.9 419 56.8 73 35.9
(1.94) (6.46) (15.8)

T4 93.4 6.6 0 7822 05 213 586 13.0 28.4
(4.59) (2.40) (12.4)

TS 96.6 34 0 74.4 0.7 24.9 522 12.4 35.4
(1.02) (5.08) (5.04)

Té6 88.2 3.0 8.8 76.6 6.5 16.9 19.8 26.3 53.9
(3.12) (8.64) (6.91)

Average 94 3.94 2.04 69.1 3.34 2757 525 12.33 35.17
(383)  (261)  (3.48) (13.41) (396  (10.72) (1821)  (7.91)  (12.98)

LSD 5% for species: 6.69
dibbling technique: 11.29
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Table 3. The range of soil water potentials as pF scale in the various dibbling types at Jambegede and Ngale for the periods

of 0 to 4 days and 14 days after sowing (DAS).

Treatments Range of water potential (pF scale) after sowing

Jambegede Ngale

0-4 DAS 0-14 DAS 0-4 DAS 0-14 DAS

T1: Normal dibbling, no depth control, no soil cover 24 245 2.55 2.75
T2: Normal dibbling, no depth control, soil cover 227 2.54 26 2.75
T3: Normal dibbling, depth control, no soil cover 22 2.4 2.55 2.75
T4: Normal dibbling, depth control, soil cover 245 24 2.55 2.8
T5: Normal dibbling, depth control, soil cover, spike 2.11 2.05 245 2.65
Té6: Narrow slit, depth control, soil cover 2.23 2.42 255 2.75
Amount of rainfall during the first 14 days 49 mm 76 mm

Ngale and soybean at Jambegede planted after rice
are similar whether they are planted in the absence or
presence of rain after sowing (Rahmianna et al.,
these Proceedings). It showed that germination and
emergence of mungbean were susceptible to wet
conditions while soybean was better able to cope
with wet conditions.

Low emergence of mungbean at Jambegede was
associated with high germination failure caused by a
high incidence of seed rot (16.3%). The combination
of wet soil and warm conditions (soil temperature at
5 cm depth ranged from 30 to 36 °C, mostly 31 °C at
Jambegede and 33 °C at Ngale) would have pro-
moted fungal growth. The low emergence of soybean
at Ngale was mainly caused by the high number of
seedlings (30.9%) unable to emerge (curling
growth). This was caused by the failure of hypocotyl
or radicle to penetrate the hard soil.

Peanut performed better at Ngale compared to
Jambegede. There was higher germination failure on
the wetter soil at Jambegede. Seed rot (6.0%), seed
disappearance (2.9% possibly scavenged by birds or
grubs), and incomplete imbibition (seed intact 5.1%)
were observed as the main causes for this failure. At
both sites, low emergence was caused by the failure
of the new seedlings to grow further (20.6% and
9.4% at Jambegede and Ngale respectively) and the
failure of the hypocotyl to emerge through soil sur-
face (curling) by 9.4% and 16.6% at Jambegede and
Ngale successively.

Treatment responses of mungbean were similar at
both locations, but not for peanut and soybean.
Mungbean emergence was not affected by the depth
of planting, seed cover and the size of the dibbling
hole. Small seeds completed germination rapidly
and emergence was good even with very wet soil
around the seeds. The emergence of peanut and
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soybean varied for each dibbling technique at both
sites. Normal dibbling with or without depth control
and with or without soil cover did not influence
soybean emergence. Planting soybean at 5 cm soil
depth using a narrow dibbling (T6), however, sig-
nificantly reduced its emergence both at Jambegede
and Ngale. The main causes of the low soybean
emergence at Ngale were high germination failure
caused by seed rot (up to 23.3%), high emergence
failure caused by seedlings rot (17.2%) and the
failure of the seedlings to come up to surface soil
(28.1%).

Warm temperature and high relative humidity
within seed holes (especially in narrow dibbling
holes) were suitable for fungal growth and, com-
bined with massive soil structure, were the most
likely causes of failure. In Jambegede, the cause of
low emergence was the failure of the seedlings to
emerge through the surface soil (29.3%). It can be
concluded that normal dibbling as recommended was
appropriate for planting soybean after rainfed low-
land rice.

The response of peanut emergence to dibbling
techniques was different from soybean (Tables 1 and
2). Soil cover significantly increased the emergence
(24.2% on average) at Ngale. High evaporation from
the large exposed surface of the seed reduced the rate
of imbibition and growth rates decreased resulting in
failure of seeds to germinate or grow. At Jambegede
the size of seed hole played an important role in
governing the success of emergence. Small or
narrow holes significantly increased emergence
(ranging from 3.8% up to 23.4%) compared with
normal/larger holes, probably associated with better
soil-seed contact.

The effect of sowing depth on establishment is
expected to be through its effect on soil water



content and temperatures. To quantify this effect it
will be useful to compare the performance of the
seeds in the field with that measured in the
laboratory. Using equations derived from laboratory
studies (Rahmianna et al., these Proceedings) germi-
nation was predicted for a range of soil water
potentials at the mean soil temperature of 31 °C for
Jambegede and 33 °C for Ngale (Figs 1, 2 and 3).
The agreement between observed and predicted
germination was very good.

In the farmers’ fields, depth of planting varied

between 4 cm and 7 cm and generally tended to be
deeper than 5 cm. However, Figures 1, 2 and 3 show
that depth of planting under the conditions at
Jambegede and Ngale was not limiting and should
result in approximately 100% establishment.
Observed deviations may be associated with reduced
seed soil contact and seed vigour.

Figures 1, 2 and 3 also show that seed cover did
not affect emergence except in the case of peanut
where there was increased failure to germinate
(incomplete imbibition) in the absence of soil cover.
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Figure 1. The relationship between germination and water potential for mungbean with six different dibbling techniques.
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Conclusion

The current dibbling method for planting grain
legumes in rainfed lowland after rice used by farmers
in East Java was suitable for the prevailing con-
ditions. Its success was closely related to the soil
water availability, which fully depends on rainfall,
and on planting time and good quality of seeds. It
should be noted that legumes were sown in the later
part of the rainy season and the current dibbling
technique may not be as successful under drier con-
ditions. The low levels of observed establishment at
the farmers’ fields need to be researched further to
investigate the effect of seed quality, biotic factors
such as fungal and pest attacks and abiotic factors, in
particular, the soil physical conditions.
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Changes in Soil Mechanical Properties Resulting from
Different Soil Management Practices for Rice-based
Cropping Systems

R. Tranggono and Gunomo Djoyowasito!

Abstract

Soil strength measurements were made in two field experiments investigating soil management
for lowland rice-based cropping systems. In experiment E1 various puddling treatments were
applied before the rice crop and their effect measured during the subsequent dry season mungbean
crop. In experiment E2 the puddling treatment was kept constant and various treatments including
soil amendments (none, gypsum, organic matter mulch), sowing delays and tillage were applied
after rice harvest for the mungbean crop. The experiment was conducted at two sites in East Java
at Ngale and Jambegede. Few significant differences in soil strength were found between treat-
ments, possibly due to high variability. More intense puddling was found to decrease soil strength
during the rice crop and early in the mungbean crop. However, these effects had disappeared by
the flowering stage, possibly indicating that strength increased more rapidly as the soil dried in
more intensely puddied soil. Organic matter mulch decreased soil strength due to increased soil
moisture. Gypsum had no effect. Tillage also decreased soil strength. None of the effects on soil
strength were reflected in mungbean yields. This may have been due to the soil strength being non-

limiting during root exploratijon.

THE clay soils of paddy fields have the distinctive
characteristic of being alternately dried and sub-
merged. When dried they become hard, compact and
cracked and when submerged lose bearing capacity.
In order to improve the management of such soils,
including the most appropriate tillage for ‘sawah’
(wetland rice) and ‘palawija’ (non-rice crop planted
after rice), soil strength measurements were made in
experiments E1 and E2 of ACIAR Project 8938 as
described by So et al. (these Proceedings).

Materials and Methods

Experiments E1 and E2 were conducted between
November 1991 and December 1994 at the Jambegede
and Ngale experimental farms. The soils are described
in Schafer and Kirchhof (these Proceedings).

1Department of Agricultural Technology, University of
Brawijaya, Fakultas Pertanian, JI. Mayjen Harjono 18,
Malang 65145, Indonesia

131

E1 investigated the effect of degree of puddling
on soil physical and mechanical conditions during
both the rice phase and during the subsequent dry
season (DS) crop of mungbean. Four puddling treat-
ments were used: T1, dry cultivation; T2, one pass
with an animal-drawn plough and harrow; T3; two
passes with an animal-drawn plough and harrow and
T4, two passes with a mechanical rototiller.

E2 studied the effect of DS crop management on
soil properties and crop performance. The DS crop
was mungbean. Puddling for the rice phase involved
two wet, animal-drawn ploughings and harrowings
(equivalent to T3 in E1). Treatments were applied to
the DS crop and included amendments (none, AO0;
gypsum, AG, and organic matter, AOM), cultivation
(zero, CO, and cultivation, C1) and length of sowing
delay after rice harvest (0 weeks, DO; 1 week, D1,
and two weeks, D2). These were combined as fol-
lows: T1 (COA0D1), T2 (COAO0D1), T3
(C0 AG D1), T4 (CO AOM D1), T5 (C0 A0 D0), Té
(C0 A0 D2), T7 (C1 A0 D1) and T8 (C1 A0 D2). All
treatments had adequate fertilizer applied except T1
(which is not considered further in this paper).



In both E1 and E2, the treatments were laid out in
a randomised block design with four replications.
Bearing capacity and depth of ploughing were
measured in E1 in 1993 during the rice phase at one
week after transplanting. Penetration resistance and
shear strength (with zero normal stress) were
measured in E1 and E2 during the DS crop at
planting, vegetative and flowering stages. Pen-
etration strength was measured with a different pen-
etrometer in 1992 to that used in 1993 and 1994, so
the results are not directly comparable. Soil strength
measurements were made in only three of the four
replicates of each treatment for logistical reasons
using three replicate measurements per plot.

Results
A. Experiment E1

A.1. Effect of degree of puddling on bearing capacity
during the rice crop

Table 1 shows the bearing capacity in E1 during the
1993 rice phase. The statistical analyses show there
was no significant effect of the puddling treatments
at either Ngale or Jambegede. However, the bearing
capacity tends to decrease with puddling intensity,
although in the case of the rototiller this was only in
the upper 5cm. In addition, comparison of the
average bearing capacity between sites (Table 1)
shows that greater yields of rice were generally
associated with lower bearing capacity. At
Jambegede treatment T2 had the lowest bearing
capacity and gave the highest yield (4.86 t/ha).
Similarly, at Ngale treatment T3 gave the highest
yield (6.04 t/ha) and had the lowest bearing capacity.

A.2. Effect of puddling on soil strength during the DS
crop at Jambegede

Penetration resistance and shear strength of the soil
during the DS crop at Jambegede are shown in Table
2. Both shear strength and penetration resistance
were not affected by puddling treatments, except in
1993. The lower penetrometer resistance at planting
in the highest puddled treatment (T4) was probably
due to higher soil water contents caused by reduced
drainage of the structurally degraded, highly puddled
soil. By the vegetative stage, the highly puddled
treatment (T4) had the greatest increase in strength at
10 cm due to the greater degree of destruction of the
soil structure. The highest soil strength at the veg-
etative stage, however, was observed in the least
intense puddling treatment (T1). This was possibly
due to superior drainage compared to more intensely
puddled treatments and concomitant high hydraulic
conductivity that would result in faster soil drying.
In 1992, the average soil strength decreased
between planting and the vegetative stage due to
rainfall. This probably resulted in superior growth
and yield compared to 1993, where smaller amounts
of rain fell and the soil strength increased slightly
between planting and the vegetative stage. The
relationship between plant growth and soil mechan-
ical properties is clearly related to the effect of soil
water on soil strength and penetrometer resistance.

A.3. Effect of puddling on soil strength during the DS
crop at Ngale

Penetration resistance and shear strength of the soil
during the DS crop at Ngale are shown in Table 3. In

Table 1. Effects of degree of puddling on bearing capacity, depth of ploughing (DP) and rice yield in E1 at Jambegede and
Ngale in 1993. Values in same column followed by the same letter are not significantly different.

Treatment Bearing capacity (MPa) DP Rice yield
(cm) (t/ha)
Scm 10 cm 15cm 20 cm

E1 Jambegede 1993
T1 0.021 a 0.063 a 0.082a >0.100 17 4.46
T2 0.016a 0.023 a 0.067 a >0.100 19 4.86
T3 0.019a 0.036 a 0.057 a 0.091 21 4.28
T4 0.012a 0.063 a 0.098 a >0.100 18 4.76
Mean 0.017 0.046 0.076 >0.100 19 4.59

E1 Ngale 1993
T1 0.037 a 0.032a 0.039 a 0.042 a 15 5.40
T2 0.031 a 0.038 a 0.033 a 0.042a 16 5.87
T3 0.023 a 0.025a 0.029 a 0.038 a 17 6.04
T4 0.029 a 0.029 a 0.036 a 0.043 a 16 5.92
Mean 0.03 0.031 0.034 0.041 16 5.81
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most years, soil strength at planting of the DS crop
appeared to be higher when the soil had been culti-
vated dry before the rice crop (T1) than when pud-
dled. However, there were few differences by the
time the mungbean crop had reached the vegetative
stage. Similar to Jambegede, soil strength and yield
differences between years seemed to be related to
rainfall between planting and the vegetative stages.
The highest yields were observed in 1992 where seed
was sown in relatively dry soil as indicated by the
highest soil strength compared to the other years.
Following sowing into relatively hard soil, rainfall
increased soil water content with concomitant

decrease in soil strength. In 1993 and 1994, however,
soil strength remained low due to persistent high soil
water content which may have resulted in anaerobic
conditions leading to restricted growth and reduced
yield.

B. Experiment E2

Results from E2 are presented separately for three
groups of treatments: a) soil amendment (T2, T3,
T4); b) sowing delay (TS5, T2, T6) and c) cultivation
x sowing delay (T2, T6, T7, T8).

Table 2a. Effects of degree of puddling on penetration resistance and mungbean yield in E1 at Jambegede in DS. Values
for the same year in the same column followed by the same letter are not significantly different. Only means are reported if

differences were not significant.

Treatment Penetration resistance (kPa) Yield
(t/ha)
Planting Vegetative Flowering
5cm 10 cm 20 cm 10 cm 20 cm 30 cm
E1 Jambegede 19922
Mean 2585 1575 2780 1950 3683 4223 1
E1 Jambegede 1993°
T1 200 a 402 a 890 b >1250 >1250 >1250 0.32
T2 209 a 293 b 982 a >1250 >1250 >1250 0.35
T3 212 a 255b 926 b >1250 >1250 >1250 0.28
T4 185 b 322 a 919 b >1250 >1250 >1250 0.32
Mean 202 318 929 >1250 >1250 >1250 0.32
E1 Jambegede 1994°
Mean 259 — — — — — 0.14
aMeasured with a Stiboga penetrometer with 1cm? cone area (uncalibrated units).
bMeasured with Daiki penetrometer with 2 cm? cone area.
Table 2b. Shear strength and mungbean yield in E1 at Jambegede in DS.
Treatment Shear strength (kPa) Yield
(t/ha)
Planting Vegetative Flowering
5cm 10 cm 20 cm 10 cm 20 cm 30 cm
E1 Jambegede 1992
Mean 701 485 1022 326 1157 — 0.97
E1 Jambegede 1993
Mean 184 586 696 724 1560 — 0.32
E1 Jambegede 1994
Mean 351 1127 — — — — 0.14
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Table 3a. Effects of degree of puddling on penetration resistance and mungbean yield in E1 at Ngale in DS. Values for the
same year in the same column followed by the same letter are not significantly different. Only means are reported if treat-

ment differences were not significant.

Treatment Penetration resistance (kPa) Yield
Planting Vegetative Flowering (t/ha)
Scm 10 cm 20 cm 10 cm 20 cm 30 cm

E1 Ngale 1992#
Mean 675 370 724 — — — 1.67

E1 Ngale 1993*
T1 161 a 177 a 209 a 177 a 232a 279 a 0.92
T2 167 a 141 a 220 a 156 a 207 a 253 a 0.92
T3 128 b 142 a 192 a 155 a 219a 292a 0.81
T4 134 b 143 a 208 a 163 a 236 a 293 a 0.88
Mean 147 151 207 163 224 279 0.88

E1 Nagle 19942
T1 178 a 172 a 208 b 384 a 440 a 448 a 0.52
T2 167 a 156 a 420 a 388a 417 a 448 a 0.55
T3 156 a 173 a 202b 412 a 482 a 466 a 0.55
T4 138 b 147 a 193 b 373 a 520 a 515a 0.56
Mean 160 162 256 389 465 469 0.55

2Measured with Daiki penetrometer with 2 cm? cone area.

B.1. Effect of DS crop management on soil strength
at Jambegede

B.1.a. Soil amendment

Table 4 shows that penetration resistance and shear
strength were generally lower after addition of an
organic matter mulch (T4, AOM) compared to the
addition of no amendment (T2, A0) or gypsum (T3,
AG). This effect seems to have been maintained
through the mungbean crop at least as far as
flowering. Since the organic matter was added as a
mulch to the soil surface to reduce evaporation, it is
likely that the lower strength results from the soil in
T4 having a higher moisture content than T2 or T3.
However, the treatment had no effect on mungbean
yield.

B.1.b. Sowing delay

Soil strength during mungbean crops planted with
different delays after rice harvest is shown in Table
5. There is a tendency for the soil to be weaker after
shorter delays, presumably because the soil has a
higher moisture content. However, in most cases this
is not statistically significant. One factor con-
founding the results is that rain could alter the
moisture content between measurement dates for the
various treatments.
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B.1.c. Tillage x sowing delay

Table 6 compares soil strength under various com-
binations of zero tillage (C0) and tillage (C1) before
the DS crop and one (D1) and two week (D2) sowing
delays. (The no delay treatment, D0, was too wet to
allow tillage). There is a tendency for the soil at 5 cm
and 10 cm to be weaker after tillage, although this
effect was only significant in 1993.

B.2. Effect of DS crop management on soil strength
at Ngale

B.2.a. Soil amendment

Table 7 shows that penetration resistance and shear
strength were generally slightly lower after addition
of an organic matter mulch (T4, AOM) although less
so than at Jambegede. However, none of the dif-
ferences were statistically significant.

B.2.b. Sowing delay

In 1993 the soil was weaker after shorter delays
(Table 8). In the other years there was no effect.

B.2.c. Tillage x sowing delay

Like at Jambegede, soil strength was lower after
tillage, but this was only significant in 1993 (Table
9). There is slight evidence of an interaction with
delay, in that the reduction in strength is greatest for
Di1.



Table 3b. Shear strength and mungbean yield in E1 at Ngale in DS.

Treatment Shear strength (kPa) Yield
(t/ba)
Planting Vegetative Flowering
5cm 10 cm 20 cm 10 cm 20 cm 30 cm
E1 Ngale 1992
Mean 212 296 318 214 261 384 1.67
E1 Ngale 1993
Mean 149 238 310 246 334 439 0.88
E1 Ngale 1994
Mean 206 268 336 559 593 654 0.55

Table 4a. Effects of soil amendments on penetration resistance and mungbean yield in E2 at Jambegede in DS. Values for
the same year in the same column followed by the same letter are not significantly different. Only means are shown if treat-
ment differences were not significant.

Treatment Penetration resistance (kPa) Yield
(tha)
Planting Vegetative Flowering
5cm 10 cm 20 cm 10 cm 20 cm 30 cm

E2 Jambegede 19922

T2 (A0) 2660 a 1150 a 2620 b 2190 a 4720 a 3720 a 0.55a

T3 (AG) 2620 a 1580 a 3070 a 2380 a 4240 a 4060 a 0.47 a

T4 (AOM) 2300 a 1160 a 2550 b 1500 a 3520b 4120 a 0.47 a
E2 Jambegede 1993°

T2 (AD) 231 a 553b 1109b 1044 a 1226 a >1250 0.60 a

T3 (AG) 216 a 752 a 1244 a 1101 a 1226 a >1250 0.67 a

T4 (AOM) 230 a 353 ¢ 1067 b 501b 1140 b >1250 0.50 a
E2 Jambegede 1994Y

Mean 281 330 764 572 704 985 0.83

2Measured with a Stiboga penetrometer with 1 cm? cone area (uncalibrated units).
bMeasured with Daiki penetrometer with 2 cm? cone area.

Table 4b. Effects of soil amendments on shear strength and mungbean yield in E2 at Jambegede in DS.

Treatment Shear strength (kPa) Yield
(t/ha)
Planting Vegetative Flowering
S5cm 10 cm 20 cm 10 cm 20 cm 30 cm
E2 Jambegede 1992
T2 (AD) 851b 412 a 1057 a 599 a 1226 a — 055a
T3 (AG) 500 b 513 a 956 a 527 a 1355 a — 047 a
T4 (AOM) 432 a 446 a 782b 428 a 1083 a — 0.47 a
E2 Jambegede 1993
Mean 442 703 1302 619 1126 1129 0.59
E2 Jambegede 1994
Mean 290 336 680 628 884 1110 0.83
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Table 5a. Effects of sowing delay on penetration resistance and mungbean yield in E2 at Jambegede in DS. Values for the
same year in the same column followed by the same letter are not significantly different.

Treatment Penetration resistance (kPa) Yield
(t/ha)
Planting Vegetative Flowering
Scm 10 cm 20 cm 10 cm 20 cm 30 cm

E2 Jambegede 19922

T5 (DO0) 2150 a 1550 a 2480 a 2510 a 3550b 4060 a 0.78

T2 (D1) 2660 a 1150 a 2620 a 2190 a 4720 a 3720 a 0.55

Té (D2) 2100 a 1900 a 2690 a 2090 a 3960 b 4120 a 0.53
E2 Jambegede 1993

TS (DO) 248 a 254b 916 b 1104 a 1226 a >1250 057 a

T2 (D1) 231a 553a 1109 ab 1044 a 1226 a >1250 0.60 a

Té (D2) — 506 a 1162 a 931 a 1226 a >1250 0.17b
E2 Jambegede 1994

TS (DO) 237 a 293 a 742 a 529 a 833 a 981 a 1.13

T2 (D1) 323 a 310 a 731a 627 a 814 a 891 a 0.84

T6 (D2) 215a 327a 882 a 451b 857 a 1018 a 0.61

aMeasured with a Stiboga penetrometer with 1 cm? cone area (uncalibrated units).
bMeasured with Daiki penetrometer with 2 cm? cone area.

Table 5b. Effects of sowing delay on shear strength and mungbean yield in E2 at Jambegede in DS.

Treatment Shear strength (kPa) Yield
(t/ha)
Planting Vegetative Flowering
Scm 10 cm 20 cm 10 cm 20 cm 30 cm

E2 Jambegede 1992

T5 (DO) 797 a 383a 991 a 477 a 1198 a — 0.78 a

T2 (D1) 851 a 412 a 1057 b 599 a 1226 a — 0.55b

T6 (D2) 635 a 348 a 893 a 566 a 1425 b — 053b
E2 Jambegede 1993

T5 (D0) 513 a 796 a 1364 a 603 a 1123 a 1275 a 0.57 a

T2 (D1) 390 a 698 a 1277 a 680 a 1164 a 1181 a 0.60 a

T6 (D2) 319a 1086 b 1341 a 656 a 1118 a 1267 a 0.17b
E2 Jambegede 1994

TS (D0) 210 a 333a 665 a 780 a 1058 a 1223 a 1.13a

T2 (D1) 288 a 308 a 665 a 628 a . 878b 1073 b 0.84b

T6 (D2) 247 a 327 a 540 a 588a 918 b 1075 b 0.61b

136



Table 6a. Effects of tillage x sowing delay on penetration resistance and mungbean yield in E2 at Jambegede in DS.
Values for the same year in the same column followed by the same letter are not significantly different.

Treatment Penetration resistance (kPa) Yield
(t/ha)
Planting Vegetative Flowering
S5cm 10 cm 20 cm 10 cm 20 cm 30 cm

E2 Jambegede 19922

T2 (C0 D1) 2660 a 1150 a 2620 a 2190 a 4720 a 3720 a 1.99 a
Té (D0 D2) 2100 a 1900 a 2690 a 2090 a 3960 b 4120 a 155b
T7 (C1 D1) 1400 a 1760 a 2600 a 1890 a 4460 ab 3750 a 1.81 ab
T8 (C1 D2) 1160 a 1660 a 2510 a 2070 a 4260 ab 4210 a 1.74 ab
E2 Jambegede 19930
T2 (CO D1) 231a 553 ab 1109 ab 1044 a 1226 a >1250 0.60 a
Té6 (C0 D2) — 506 ab 1162 a 931 a 1226 a >1250 0.17b
T7 (C1 D1) 128 b 410b 943 ¢ 657 b 1222 a >1250
T8 (C1 D2) 638 a 1039 b 490 b 1185 a >1250
E2 Jambegede 1994°
T2 (CO D1) 323a 310 a 731 a 627 a 814 a 891 a —
Té6 (CO D2) 215b 327a 882 a 451b 857 a 1018 a —
T7 (C1 D1) 562 a 214 a 607 a 436 a 773 a 964 a —_
T8 (C1 D2) 493 a 255a 691 a 373 a 705 a 957 a _—

aMeasured with a Stiboga penetrometer with 1 cm? cone area (uncalibrated units).
bMeasured with Daiki penetrometer with 2 cm? cone area.

Table 6b. Effects of tillage x sowing delay on shear strength and mungbean yield in E2 at Jambegede in DS.

Treatment Shear strength (kPa) Yield
(t/ha)
Planting Vegetative Flowering
5 cm 10 cm 20 cm 10 cm 20 cm 30 cm
E2 Jambegede 1992
T2 (CO D1) 851b 412 a 1057 a 599 b 1226 a — 1.99 a
T6 (CO D2) 635 a 348 a 893 a 566 b 1425 a — 155b
T7 (C1 D1) 589 a 434 a 944 a 115a 1037 a — 1.81 ab
T8 (C1 D2) 638 a 312 a 1067 a 206 a 1174 a — 1.74 ab
E2 Jambegede 1993
T2 (C0 D1) 390 a 698 b 1277 a 680 b 1164 a 1181 b 0.60 a
T6 (CO D2) 319a 1086 b 1341a 656 b 1118 a 1267 b 0.17b
T7 (C1 D1) 319a 324 a 1087 a 443 b 1027 a 1442 b
T8 (C1 D2) 392 a 420 a 1099 a 286 a 1027 a 1094 a
E2 Jambegede 1994
T2 (CO D1) 288 308 b 665 b 628 b 878 b 1073 a —
T6 (CO D2) 247 327b 540 b 588 b 918 b 1075 a —
T7 (C1 D1) — 192 a 552 b 438 a *752a 1032 a —_
T8 (C1 D2) — 253b 672 b 477 a 802 ba 1035 a _
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Table 7a. Effects of soil amendments on penetration resistance and mungbean yield in E2 at Ngale in DS. Values for the
same year in the same column followed by the same letter are not significantly different. Only means are shown if treatment
differences were not significant.

Treatment Penetration resistance (kPa) Yield
. R B (t/ha)
Planting Vegetative Flowering
5cm 10 cm 20 cm 10 cm 20 cm 30 cm
E2 Ngale 19922
T2 (A0) 244 b 320a 925a 515a 740 a 860 a 1.08a
T3 (AG) 380 a 400 a 735a 395a 628 a 740 a 1.07 a
T4 (AOM) 293 ab 310 a 665 a 478 a 650 a 955 a 113 a
E2 Ngale 19932
Mean 163 217 278 187 241 319 0.86
E2 Ngale 19942
Mean 153 162 195 165 210 242 0.65

aMeasured with Daiki penetrometer with 2 cm? cone area.

Table 7b. Effects of soil amendments on shear strength and mungbean yield in E2 at Ngale in DS.

Treatment o Shear strength (kPa) Yield
, ; : (t/ha)
Planting Vegetative Flowering
S5cm 10 cm 20 cm 10 cm 20 cm 30 cm

E2 Ngale 1992

T2 (A0) 180 b 349 a 359 a 173 a 294 a 487 a 1.08 a

T3 (AG) 199b 366 a 424 a 190 a 301 a 543 a 1.07 a

T4 (AOM) 159 a 349 a 377 a 190 a 262 a 442 a 1.13a
E2 Ngale 1993

Mean 178 — — — — — 0.86
E2 Ngale 1994

Mean 214 276 355 289 381 491 0.65

Table 8a. Effects of sowing delay on penetration resistance and mungbean yield in E2 at Ngale in DS. Values for the same
year in the same column followed by the same letter are not significantly different. Only means are reported if differences
were not significant.

Treatment Penetration resistance (kPa) Yield
t/ha
Planting Vegetative Flowering (t/ha)
Scm 10 cm 20 cm 10 cm 20 cm 30 cm
E2 Ngale 1992*
T5 (D0) 398 a 250 a 605 a 560 a 653 a 760 a 0.87a
T2 (D1) 244 b 320 a 925 a 515 a 740 a 860 a 1.08 a
Té6 (D2) 333 ab 425 a 850 a 545 a 873 a 755 a 1.10 a
E2 Ngale 19932
T5 (D0) 232 a 138b 177b 213 a 251 a 287 a 1.09 a
T2 (D1) 161 a 225 a 283 ab 198 a 242 a 291 a 0.89 ab
T6 (D2) 151 a 213 a 253 a 193 a 249 a 282 a 0.64 b
E2 Ngale 19942
Mean 140 187 210 189 226 256 0.86

aMeasured with Daiki penetrometer with 2 cm? cone area.
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Table 8b. Effects of sowing delay on shear strength and mungbean yield in E2 at Ngale in DS.

Treatment Shear strength (kPa) Yield
’ (t/ha)
Planting Vegetative Flowering
Scm 10 cm 20 cm 10 cm 20 cm 30 cm

E2 Ngale 1992

T5 (D0) 223 b 336 a 390 a 213b 285 a 448 a 0.87 a

T2 (D1) 180 a 349 a 359a 173 a 294 a 487 a 1.08 a

T6 (D2) 178 a 332a 394 a 249 b 330 a 579 a 1.10 a
E2 Ngale 1993

TS5 (D0) 263 b — — — — — 1.09 a

T2 (D1) 1791 —_ — — — — 0.89b

T6 (D2) 155 a — — — — — 0.64 a
E2 Ngale 1994

T5 (D0) 179 a 287 a 362a 322a 433 a 557 a 0.80a

T2 (D1) 225b 255a 332a 302a 402 a 495 a 1.03 a

T6 (D2) 142 a 307 a 382 a 273 a 358 a 460 a 076a .

Table 9a. Effects of tillage x sowing delay on penetration resistance and mungbean yield in E2 at Ngale in DS. Values for
the same year in the same column followed by the same letter are not significantly different. Only means are reported if
differences were not significant.

Treatment Penetration resistance (kPa) Yield
(t/ha)
Planting Vegetative Flowering
Scm 10 cm 20 cm 10 cm 20 cm 30 cm

E2 Ngale 19922

T2 (CO D1) 244 b 320a 925 a 515a 740 a 860 a 1.08 a
T6 (D0 D2) 333 ab 425 a 850 a 545 a 873 a 755 a 1.10 a
T7(C1 D1) 300 ab 535a 665 a 395 a 579 a 890 a 0.99 a
T8 (C1 D2) 375 a 450 a 850 a 552a 685 a 770 a 112 a
E2 Ngale 19932
T2 (CO D1) 161 a 225 ab 283 a 198 a 242 a 291 a 089a
T6 (CO D2) 151 ab 213 ab 253 a 193 a 249 a 282a 0.64 a
T7 (C1 D1) 168 a 194 b 257a 227a 246 a 294 a 0.91 a
T8 (C1 D2) 123 b 241 a 287a 201 a 228 a 274 a 0.74 a

E2 Ngale 1994¢
Mean 149 166 191 172 206 244 0.63

3Measured with Daiki penetrometer with 2 cm? cone area.
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Table 9b. Effects of tillage x sowing delay on shear strength and mungbean yield in E2 at Ngale in DS.

Treatment Shear strength (kPa) Yield
(t/ha)
Planting Vegetative Flowering
S cm 10 cm 20 cm 10 cm 20 cm 30 cm
E2 Ngale 1992
Mean 174 322 372 204 301 532 1.07
E2 Ngale 1993
Mean 165 —_ — — — — 0.80
E2 Ngale 1994
T2 (C0 D1) 225 255b 332a 302a 402 b 495 a 1.03
Té (CO D2) 142 307b 382 a 273 a 358 a 460 a 0.76
T7 (C1 D1) — 250 a 338a 318a 410b 517 a 0.30
T8 (C1 D2) — 302b 387a 282a 388a 478 a 0.75
Discussion which has high shrink/swell potential (Ringrose-

In these experiments there were few statistically sig-
nificant effects on soil strength of either puddling or
soil management for the DS crop. In many cases, any
effects were only weak and not expressed in all
years. The lack of significant effects was probably
the result of both high variability and variations in
daily rainfall patterns between years.

When considering any effects of soil treatments
on soil strength it is important to remember that they
could be caused by changes to the inherent strength
of the soil or by changes to moisture content. The
change of soil strength with moisture content is dis-
cussed by Ringrose-Voase et al. (these Proceedings).

Effects of puddling intensity

Different results have been reported regarding the
effect of puddling on growth and yield of rice. The
differences may be partly due to bearing capacity
and depth of puddled layer. Tranggono (1989) men-
tioned that there was a positive correlation between
rice and depth of puddled layer on both a Regosol
(Mojosari) and a Vertisol (Ngale). The maximum
rice yield (6.42 t/ha) occurred on the Vertisol
(Ngale) with 24 cm depth of puddling. With greater
depths there was less yield.

Increased puddling intensity reduced soil strength
in the earlier part of the dry season, but these effects
were only slight and no longer apparent by the time
the mungbean had reached the vegetative stage. At
Jambegede, this was because the soil had dried such
that its strength was beyond the measuring capabili-
ties of the instruments. At Ngale, the strength did not
increase so markedly, presumably because the soil
was slower to dry than at Jambegede or because of
rain. Any wetting and drying of the soil at Ngale,

140

Voase et al. 1995), would be expected to remove the
effects of puddling.

It would be expected that the more intensely
puddled soils would become stronger than the less
puddled ones as they dry. (i.e., the strength of the
puddled soils increases more rapidly as the soil
dries). This might also be the reason why there are
no differences in strength by the vegetative stage. If
strength could be measured as the soil dried further,
it is possible that the more puddled treatments would
have become stronger.

Comparison of Tables 2 and 3 show that soil
strength at Ngale was generally lower than at Jambe-
gede. This could be due either to Ngale retaining
more water than Jambegede because of its high clay
content or to more intense cracking at Ngale.
Ringrose-Voase et al. (these Proceedings) show that
at Ngale a large volume of cracks develops in the
upper 15 cm as the soil dries and that there is little
drying below this depth. Unfortunately, they did not
make equivalent measurements for Jambegede.

Effects of soil amendments

Application of an organic matter mulch before the
mungbean crop reduced soil strength significantly at
Jambegede and slightly at Ngale. Since the soil in
AOM and AO had received the same treatment, the
reduction in strength probably resulted from the
mulched treatment having a greater moisture content.
In turn, the higher moisture content could be a result
of decreased evaporation from the soil surface
because of the mulch or decreased water extraction
caused by poorter crop growth or establishment under
the mulch. The lesser impact of the mulch at Ngale



could have been due to differences in rainfall or the
slowness with which the Ngale soil dries.

Gypsum did not appear to have any significant
effects. The exchange complex of both soils is domi-
nated by divalent cations and neither is dispersible.
This and the lack of any effect of gypsum suggests
that physico-chemical dispersion was not occurring
in these soils. Puddling these soils is more likely to
result in physical breakdown of the aggregates into
smaller aggregates rather than into primary particles
in a manner similar to that discussed by Ringrose-
Voase et al. (these Proceedings).

Effects of tillage and sowing delays

Sowing delay had no consistent effect on soil
strength probably because the moisture content dif-
ferences between treatments was slight. Tillage
generally reduced soil strength as would be expected,
but the reduction was only significant in 1993,
possibly because of environmental factors such as
rainfall. Obviously, wetting and drying could reduce
strength of the soil.

Conclusions

Employing the methods used in these experiments,
only weak effects of soil management practices on
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soil strength were observed. More intense puddling
reduced soil strength in the early part of the DS crop.
Application of an organic matter mulch and tillage
both reduced soil strength. However, in no case did
soil strength appear to be having an effect on mung-
bean yield. One reason for this is that initially these
soils are relatively weak, so that strength would not
be limiting. Soil treatments that affect soil strength
would only be expected to have an effect on the crop
when the soil has dried sufficiently for strength to
become limiting. However, as Ringrose-Voase et al.
(these Proceedings) note, these soils dry relatively
slowly unless roots are present to extract the
moisture, because of their high clay contents and low
hydraulic conductivities. Once roots have penetrated
a soil layer, its strength becomes less important.
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Response of Food Legume Crops to Different Soil
Management Practices after Rainfed Lowland Rice in
East Java

T. Adisarwantol, W.H. Utomo?, G. Kirchhof? and H.B. So3

Abstract

Food legume crops which are grown after rainfed lowland rice-based cropping systems usually
have low yields due to several factors. Field experiments were conducted at Jambegede and Ngale
Experimental Stations after rainfed lowland rice during the dry seasons of 1992, 1993 and 1994 to
impose various sowing dates, fertilizer applications, soil amendments and tillage treatments and to
investigate their effect on the production of three food legume crops (soybean, mungbean and
peanut). The results showed that NPK fertilizer applications increased soybean yield in 1992 and
1993 by 41% and 110%, mungbean yield in 1993 and 1994 by 141% and 129% respectively.
Addition of rice straw mulch at the rate of 5 t/ha also increased soybean yield by 153% in 1993.
Yields of all crops were reduced significantly by delayed sowing. Tillage before sowing had no
effect on yield of legumes grown after the harvest of rainfed lowland rice.

LEGUMES, with their adaptability to different rice-
based cropping systems, offer opportunities to
increase and to sustain productivity and income of
rice farmers with small holdings in Indonesia.
Puddling the soil and flooding are the common
management systems for growing lowland rice under
both rainfed or irrigated conditions. For Indonesia,
rainfed lowland rice covers a total area of 3 million
hectares and makes up approximately one third of
the total lowland rice area (Huke 1982). In the
irrigated lowland areas, legumes (soybean, peanut
and mungbean) are generally grown in rotation of
rice-rice-legume or rice-legume—legume with two
or more irrigations during the season (Sumarno et al.
1988). In the rainfed lowland rice systems, it is not
uncommon that the land is left fallow during the dry
season. However, legumes are occasionally grown as
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payah, PO Box 66, Malang, Indonesia

2Department of Soil Science, University of Brawijaya,
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an opportunity crop with very little input and yields
are therefore very low. Yields of 0.3 to 0.8 t/ha for
soybeans and 0.5 t/ha for mungbeans are not
uncommon and are well below their potential yields
(So and Woodhead 1987).

In lowland areas, the growing conditions required
for rice are entirely different from those required for
legumes. Rice is grown best under puddled and
reduced conditions, legumes require un-puddled and
oxidised conditions. The two conditions are associ-
ated with large differences in physical, chemical and
biological properties of the soil. The puddled con-
dition of the soil is a major cause of the poor stand
and performance of secondary crops after rice
(Syarifuddin 1979; Sumarno et al. 1988). Early
sowing and minimum tillage systems appear to be
more reliable than conventional tillage systems
(Suyamto et al. 1989). For peanut on light-textured
soils (Adisarwanto 1993) or soybean (Sumarno et al.
1988), intensive tillage is not neccessary before
sowing.

Each production area has a different optimum
time for sowing legumes and is determined by the
interaction between crop growth and environmental
conditions. In many cases, the soil may be too wet
after rice harvest and, if sowing is delayed too long,



the soil may be too hard for the development of the
seedling. The optimum window for sowing is gener-
ally rather narrow. It is possible to use tillage, fer-
tilizers, soil amendments and mulch to improve the
management of the soil and to widen the window of
opportunity for sowing legumes.

The objective of this study was to determine the
effect of these management practices on the growth
and yield of three food legume crops (mungbean,
soybean and peanut) grown after rainfed lowland
rice.

Materials and Methods

Field experiments were conducted with food
legumes on rice-based cropping systems from March
to early June in 1992, 1993 and 1994 at the exper-
imental stations at Jambegede, near Malang (22 km)
and Ngale, near Madiun (180 km from Malang) in
East Java Province. Treatments were laid out as a
randomised incomplete block design with four repli-
cations. The treatments included combinations of
amendments (none — A0, gypsum — AG and
organic matter mulch — AOM); cultivation (zero-
till-dibble — CO and rotovator-dibble — C1) and
sowing delay (no delay — DO, 1 week delay — D1
and 2 weeks’ delay — D2) and were as follows:

T1: CO A0 D1 no fertilizer (Farmers’
practice in Indonesia)
T2: CO AO D1 adequate fertilizers
T3: CO AG D1 adequate fertilizers
T4: CO AOM D1 adequate fertilizers
T5: CO A0 DO adequate fertilizers
Te: CO A0 D2 adequate fertilizers
T7: C1 A0 D1 adequate fertilizers
T8: C1 A0 D2 adequate fertilizers

Originally DO was to be immediately after
harvest, but the appropriate sowing of D0 was left to
the judgement of the local managers. At Ngale and
Jambegede, in 1992 it was 9 and 7 days after harvest
(DAH), in 1993 it was 23 and 1 DAH respectively
and in 1994 it was both 1 DAH.

Mungbean was planted as the common crop on
both sites, with the addition of soybean at Ngale and
peanut at Jambegede. The latter two legumes were
the main secondary crops in those regions. Each plot
was 5 m x 4 m, plant spacings were 40 cm x 10 cm
with 2 seeds/hill in 1992-1994 for soybean and
peanut and for the 1992 mungbean, but 30 cm x
20 cm for mungbean in 1993 and 1994 giving a plant
density of 330000 plants/ha. Basal fertilizer appli-
cations were 50 kg urea, 50 kg TSP and 100 kg KCl
per ha. Weeding was done when required but usually
twice in a season. Insecticide was applied at 10, 20,
40 and 60 days after sowing (DAS) for pest and
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fungicide was applied at 40 and 50 DAS for disease
control, in particular leaf rust.

Gypsum application was made seven days before
rice harvest and organic mulch at a rate of 5 t/ha of
rice straw was applied at sowing time. Tillage was
carried out with a hoe to a depth of 20 cm.

Agronomic characteristics were measured on five
randomly selected plants and yield was determined
from a harvested area of 2.5 m x 2 m.

Results and Discussion

Effect of fertilizer application

A comparison of treatments T1 and T2 in each
experiment provides a measure of the effect of fer-
tilizer application on the yield of the three legumes
and the results are shown in Figure 1. In almost all
cases at Ngale, there was a significant effect of fer-
tilizer on yield except for soybean in 1994. Yield
increases were substantial at 42%, 141% and 128%
for mungbeans in 1992, 1993 and 1994 respectively.
For soybean, the increases in yield for 1992 and
1993 were 41% and 110%. Mean yields of mung-
bean were similar for the three years but for soybean,
yields for 1993 and 1994 were approximately half of
1992. Mungbean is a 65-70 day crop whereas soy-
bean is an 80-90 day crop. In all three years,
adequate rain fell during the mungbean growth cycle,
but during the last 20 to 30 days of the soybean crop,
rain fell only in 1992 (65 mm). This is most probably
the reason for the higher mean yield in 1992.

At Jambegede, a fertilizer effect was observed
only in 1993 for peanut. Overall yields were
relatively low, indicating that water stress was
probably the dominant factor determining the yield
of legumes under rainfed conditions on these lighter-
textured soils. Its water holding capacity is lower
than that of the soil at Ngale (Rahmianna et al., these
Proceedings).

Effect of soil amendment

The effect of soil amendments on yield is shown in
Figure 2 and the results were not consistent. For
mungbean, the application of gypsum or rice straw
mulch did not affect yield, except in 1994 when
muich reduced yield at Ngale. Yield of mungbean
under mulch was very low at 0.19 t/ha compared to
1.03 and 0.73 t/ha for the nil amendment and
gypsum treatments respectively. Lower yield was
associated with lower crop establishment due to high
rainfall after sowing.

For soybean, gypsum did not affect yield, but
mulch increased yield in 1993 and 1994, probably
associated with a reduction in evaporative loss of soil
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Figure 1. Effcct of fertilizer on yield.

water during the last month of the soybean growing
scason when rainfall was absent (Kirchhof and
Schafer, these Proceedings) and consequently the
mean yields for both years were lower than in 1992.

For peanut, a significant effect of both gypsum
and mulch was observed in 1994 only.

Effect of sowing delay

The cffect of period of sowing delay on yield is
shown in Figure 3. The different periods of sowing
delay were originally intended to provide pro-
gressively drier conditions with increasing sowing
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delay. If crops are sown too early after rice harvest,
high soil water content is thought to be too high,
resulting in waterlogging of seeds. On the other
hand, if sowing is delayed too long, high soil
strengths may develop upon drying of the puddled
topsoil and establishment may fail or roots may not
be able to penetrate to depth, resulting in poor
growth. However, in all years varying amounts of
rain fell after each sowing, thus confounding the
effect of sowing delay, and increasing sowing delay
is not necessarily associated with decreased soil
water content.
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Figure 2. Effect of soil amendments.

The results show that, except for Ngale in 1992,
increasing the delay in sowing legumes after rice
harvest does show a tendency to reduced yield of all
legumes. The reason for the decrease is not clecar, but
appears to be associated with excessive rainfall after
sowing. At Ngale, 1992 had drier conditions at
sowing than 1993 or 1994. However, a 50 mm rain-
storm after DO resulted in poor establishment (40%)
compared to D1 (95%) and D2 (96%). The amount
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of rainfall at sowing in 1993 and 1994 was higher,
resulting in low rates of establishment and low
yields. On the lighter soils at Jambegede, poor estab-
lishment appears to be associated with a lack of rain
after sowing, e.g., in 1993 D2 gave 29% establish-
ment when there was no rain after sowing. In all
three years, the DO treatments were preceded or
followed by high rainfall resulting in the highest
establishment rates and highest yields.
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Figure 3. Effect of dclayed sowing.

No doubt fow yiclds were partly associated with
the rate of survival but data werc inadequatc to draw
any definite conclusion on this matter. However,
even when survival rates are not different, increasing
the sowing delay appears to reduce yield, probably
associated with greater difficulty for roots to
penetrate the compacted Jayer below the puddled
zone. This would result in a reduced depth of rooting
and water extraction.
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Effect of tillage

Tillage had no effect on the yield of mungbean at
either Ngale or Jambegede. Similarly at Ngale,
soybean did not respond to tillage. However, at
Jambegede, peanut yielded higher when the soil was
cultivated (Table 1) because peanut requires good
soil physical conditions for pod development. The
interaction between tillage and sowing delay was not
significant.



Table 1. Effect of tillage on soybean, peanut and mung-
bean yield.

Treatments Yield (t/ha)
1992 1993 1994
a: Ngale Soybean
D1 co 133a 063b 0.61a
D1 1 143a 091b 0.72a
D2 C0 092b 025d 034a
D2 C 087b 038d 0.34a
LSDO0.1 0.34 0.31 0.51
CV(%) 12.2 19.2 26.79
b. Jambegede Peanut
D1 Co 1.99a 232a 194b
Di C1 181bc 275a 3.03a
D2 CO 155¢ 147¢ 1.72¢
D2 Q1 1.74bc 2.00ad 2.89a
LSD 0.1 032 0.48 0.84
CV(%) 85 10.2 20.49
c. Ngale Mungbean
D1 Co 1.08a 089a 1.03a
D1 C1 099a 091a 030c
D2 CO 1.10a 064a 0.76a
D2 C1 112a 074a 0.75a
LSDO.1 ns ns 0.38
CV(%) 9.14 15.86  25.46
d. Jambegede
D1 Co 055a 0.60a 084a
D1 C1 043a 042a 0.89a
D2 CO 053a 0.17b 0.61 ab
D2 Q1 045a 0.11b 048D
LSD 0.1 ns 0.22 0.32
CV(%) 2257 2336  28.60
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Conclusion

The results indicated that in general, under rainfed
lowland rice conditions, the yield levels of legumes
were lower compared to the potential yield. The
results also indicated that:

1. fertilizer application consistently increased yields
of soybean and mungbean on Vertisol;

2. amendments had little effect on the growth and
yield of legumes after rice;

3. delayed sowing significantly reduced legume
yield;

4. tillage was not neccessary for legumes grown

after lowland rice.
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Legume Yields and Soil Management Systems, Sulawesi

Mustari Basir, Tabran M. Lando, Subandi and Bambang Prastowol!

Abstract

Experiments were conducted on a farmers field near Maros, South West Sulawesi over three
years to evaluate the effect of soil management systems on growth and yield of rainfed mungbean
following harvest of lowland rainfed rice. Mungbean yields were increased by the application of
fertilizer, indicating that residual fertilizer from the previous rice phase was inadequate. Appli-
cation of straw mulch increased yield through conservation of soil water and weed control. Soil
tillage tended to increase yields but yield improvement was relatively small and may not warrant
the extra labour required. By far the largest effect on yield was related to the time of sowing. The
choice of optimum time for sowing after rice harvest was more affected by rainfall during the crop
establishment phase than by delay after rice harvest.

RAINFED lowland rice cropping in Sulawesi com-
prises an area of 0.3 million hectares. It represents an
underutilised land resource for post-rice cropping
due to adverse soil physical conditions induced by
pre-rice soil puddling. The major factors con-
straining farmers along the west coast of Sulawesi
from planting secondary crops following rice is
either high soil water content after rice harvest at the
end of the wet season or extremely dry conditions
soon after the onset of the dry season. The area
affected is estimated to be around 9000 ha (Anon.
1989). Management of plant ecological factors as
well as selection of adapted species and varieties
may results in more efficient use of these resources
(Irsal Las et al. 1991).

Materials and Methods

Field experiments to assess a range of post-rice soil
management techniques on dry season rainfed mung-
bean following lowland rainfed rice were conducted
at the village of Buloe, Subdistrict Maros Baru,
South Sulawesi. Post-rice management treatments
included fertilisation, application of soil amendments

1Research Insitute for Maize and other Cereals, JI. Dr
Ratulangi, Maros 90514, Indonesia
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(none, straw mulch and gypsum), sowing delay fol-
lowing rice harvest and tillage. Details of the exper-
imental design, soils and climate are given elsewhere
(So et al., these Proceedings). This paper describes
and discusses the effect of soil management on
mungbean growth and yield and yield components,
and root growth in three experiments conducted in
the dry seasons from 1991-92 to 1994.

Results and Discussion
Fertilizer application

Grain yields and vegetative biomass production were
significantly increased through the application of fer-
tilizer (Table 1) except during the growing season in
1991-92. Yield increase was mainly due to an
increase in the number of pods per plant and to a
lesser degree to an increase in the number of seeds
per pod (Table 2). This was also reflected in plant
height which served as an indicator of growth during
the vegetative and maturity stages (Table 3). Root
growth was observed to a depth of 40 cm. During the
vegetative stage, root growth was increased by fer-
tilizer application up to 30 cm deep but at maturity
differences in root growth due to fertilizer had
disappeared.

The lack of fertilizer response in the first year of
experimentation (1991-92) was probably due to inap-
propriate time of fertilizer application immediately
after sowing. Fertilizer probably did not dissolve and



Table 1. The effect of management practices on mungbean after rice during the three seasons from 1991 to 1994.

Treatments Grain yield (t/ha) Dried straw (t/ha)
1991-92  1992-93  1993-94 Mean 1991-92  1992-93  1993-94 Mean
Fertilisation
T1, none 0.29% 0.34¢ 0.42¢4 0.35 0.812 0.584 0.83b 0.74
T2, full 0.28b 0.42¢ 0.54b¢ 0.41 0.83 0.74¢<4 0.91% 0.82
Amendment
T2, none 0.28b 0.42¢ 0.54b¢ 0.41 0.832 0.74¢d 0.91% 0.82
T3, gypsum 0.28° 0.52% 0.57° 0.46 0.852 0.82b 0.89% 0.85
T4, mulch 0.30° 0.53b 0.76 0.53 0.822 0.88ebe 1.182 0.96
Sowing date
TS, no delay 0.442 0.50b 0.21¢ 0.38 0.802 0.82b 0.51¢ 0.71
T2, 1 week delay 0.28 0.42¢ 0.54b 0.41 0.832 0.74¢ 0.91° 0.82
T6, 2 weeks delay 0.372 0.67* 0.374 0.47 0.822 0.95% 0.71® 0.83
Tillage x sowing date
T2, no delay, no till 0.28° 0.42¢ 0.54b¢ 0.41 0.832 0.74%4 0.91° 0.82
T6, no delay, tillage ~ 0.372 0.67? 0.374 0.47 0.822 0.95% 0.71° 0.83
T7, 1 week, no till 0.432 0.52% 0.50bcd 0.48 086* . 1.05° 0.890 0.93
T8, 1 week, tillage 0.412 0.712 0.46b<4 0.46 0.882 0.9220 0.81> 0.87

Values followed by different letters denote significant differences (P < 0.05).

Table 2. The effect of management practices on mungbean yield components during the three seasons from 1991 to 1994.

Treatments Number of pods per plant Number of seeds per pod
1991-92 1992-93  1993-94 Mean 1991-92  1992-93  1993-94 Mean
Fertilisation
T1, none 9.22 3.7¢ 5.3 6.1 7.9 6.2 6.4b¢ 6.8
T2, full 9.1 6.2¢ 7.6% 7.6 7.9° 7.0%0 7.120 7.3
Amendment
T2, none 9.12 6.2 7.6% 7.6 7.9 7.0% 7.1% 73
T3, gypsum 8.8 7.6% 7.9%0 8.1 6.4% 6.7 6.7%¢ 7.12
T4, mulch 8.8% 8.42 9.22 8.8 6.0 7.9° 7.9 74
Sowing date
TS5, no delay 9.3 7.4¢¢ 4.7¢ 71 11.6* 5.9 454 7.3
T2, 1 week delay 9.12 6.2¢d 7.6% 7.6 7.9° 7.0% 7.12b 713
Té6, 2 weeks delay 8.8 11.3° 6.5 8.9 8.8° 6.3 5.7¢ 6.9
Tillage x sowing date
T2, no delay, no till 9.12 6.2¢d 7.6 7.6 7.9° 7.02b 7.1 73
T6, no delay, tillage ~ 8.8° 11.30 6.5 8.9 8.8b 6.320 5.7¢ 6.9
T7, 1 week, no till 9.0° 5.3 6.44 6.9 11.0° 6.320 6.5 79
T8, 1 week, tillage 8.7 14.72 7.3b¢ 10.2 11.52 7.3 6.3 8.4

Values followed by different letters denote significant differences (P < 0.05).
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therefore remained unavailable to the crop. During
the two years (1992 to 1994), fertilizer was applied
after the rice harvest to ensure that it dissolved and
reached the root zone sufficiently rapidly. The
average response to fertilizer was a 17% yield
increase over non-fertilised plots, and showed that
residual fertilizer from the rice was inadequate to
supply crop requirements.

Soil amendment

Application of mulch increased grain yield and total
biomass in all three experiments (Table 1). Com-
pared to a no-mulch situation, these yield increases
were substantial in the last two growing seasons, i.e.,
26% and 33%. Yield increases were largely due to a
greater number of pods per plant (Table 2). Despite
the relatively large effect on yield, differences in root
growth due to mulch application could not be
observed from the root sampling procedures used
(Table 4). The mechanism through which mulch
application increased yield is probably twofold: con-
servation of soil water through reduced evaporation
rates, and improved weed control.

The impact of the use of gypsum as a soil
ameliorant to improve soil structure was not clear
from the experiments conducted. There was no effect
in the experiments during the first and last year, but
gypsum application improved yield to the same
extend as mulch applications during the second year.
Despite high base saturation, the soil at MORIF is
hardsetting and gypsum application may potentially
assist to restore soil structure. However, the con-
ditions under which benefits from gypsum appli-
cation can be expected are not known and require
additional work for clarification.

Sowing date

Sowing delay had by far the strongest effect on grain
yield and biomass (Table 1). The overall trend was
an increase in yield with increasing delay of sowing
after rice harvest. Such a pattern, however, was not
consistent if individual years were considered.
Highest yields were observed at zero delay in year
one, two weeks delay in year two and one week
delay in year three. Highest yields in year three were
concomitant with highest root length densities at all
depths (Table 4). This inconsistency is attributed to
rainfall events that determine soil water conditions
following rice harvest rather than time following rice
harvest, per se. It appeared that yields were highest if
sowing occurred during periods of relatively dry
conditions (Kirchhof and So, these Proceedings).
Under wet conditions and the dibbling technique
used in this area, seeds or seedlings are easily water-
logged and crop establishment fails or is low, due to
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lack of oxygen in the seedling zone and the onset of
fungal growth. It appeared that an improved method
for sowing may alleviate some problems of poor
crop establishment in this area.

Tillage and sowing delay

Tillage increased yield in all three years of exper-
imentation (Table 1). It appeared to give the farmer
more flexibility for deciding when to plant because
differences due to planting delay where reduced if
the soil was cultivated. This is probably due to
improved drainage of excess water from the dibbling
hole if cultivated. However, it remained unclear
whether the additional yield gained from tillage
would warrant the additional labour required.

Soil Strength and Root Growth

Root growth was measured in the 1994 mungbean
season at the vegetative stage and related to soil
strength and depth (Fig. 1). Root length density
decreased with depth which was concomitant with an
increase in soil strength with depth. Under normal
conditions, soil strength tends to remain constant or
decrease as soil water content or bulk densities
increase. Considering the magnitude of soil strengths
observed in the topsoil, reasonably high soil water
content can be assumed, and this suggested that the
increase in soil strength was due to a large increase
in bulk density with depth, which in turn restricted
root growth. However, due to the continuity in bulk
density increase with depth, the suggested increase in
bulk density may not be due to the presence of a
structurally degraded puddled layer, as this should
result in a discontinuous change in soil strength at
the interface of puddled layer and the soil below.
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Figure 1. The relationship between soil strength, root
length density and depth at the vegetative stage in 1994,



Table 3. Mungbean plant height at the vegetative and maturity stages as affected by soil management practises during the
three seasons from 1991 to 1994.

Treatments Height during vegetative stage (cm) Height during maturity stage (cm)
1991-92  1992-93  1993-94 Mean 1991-92 1992-93  1993-94 Mean
Fertilisation
T1, none 23.74 18.0 23.8% 21.8 28.12 20.3> 29.62 26.0
T2, full 26.0 23.9 30.2% 26.7 29.72 23.4% 30.22 27.8
Amendment
T2, none 26.0° 23.9 30.2%® 26.7 29.72 23.42b 30.22 27.8
T3, gypsum 26.22 24.23 29.8w 26.7 31.8 28.42 31.08 304
T4, mulch 25.12 26.12 31.22 275 29.9 30.0° 23.3b 30.4
Sowing date
T5, no delay 2452 23.92 21.84 234 29.3 27.0° 27.22b 26.7
T2, 1 week delay 26.0 23.92 30.2% 26.7 29.7 23.420 30.20 2718
T6, 2 weeks delay 25.6 27.82 26.0¢ 26.5 29.32 30.42 27.2%® 29.0
Tillage x sowing date
T2, no delay, no till  26.02 23.9 30.2% 26.7 29.7 23.4% 30.22 27.8
T6, no delay, tillage  25.62 27.8 29.0 26.5 29.32 30.42 27.2% 29.0
T7, 1 week, no till 2778 25.32 27.2% 26.7 33.52 28.6 31.4° 31.2
T8, 1 week, tillage  25.0% 25.00 27.5b¢ 258 28.1° 27.42 29.82 28.5

Values followed by different letters denote significant differences (P < 0.05).

Table 4. The effect of management practices on root growth of mungbean after rice during the dry season of 1994.

Treatments Root length density (mm/cm?)
Vegetative stage Maturity stage
Depth (cm): 0-10 10-20 20-30 30-40 0-10 10-20 20-30 30-40
Fertilisation
T1, none 0.85% 0.77° 0.30% 0.222b 1.022b 1.06° 0.462> 0.282
T2, full 1.052 0.76* 0.48 0.20%0 1.128 1.1020 0.522 0.26%
Amendment
T2, none 1.052 0.76* 0.48° 0.20% 1.122 1.1020 0.522 0.262
T3, gypsum 0.80bd 0.64° 0.40% 0.342 0.982» 1.000 0.5220 0.312
T4, mulch 1.122 0.962 0.40% 0.262 1.142 1.242 0.542 0.302
Sowing date
TS5, no delay 0.61¢ 0.58° 0.27° 0.11b 0.80¢ 0.84¢ 0.382 0.172
T2, 1 week delay 1.052 0.762 0.482 0.20% 1.128 1.102® 0.5220 0.26%
T6, 2 weeks delay 0.64¢ 0.60° 0.27° 0.18ba> 0.94bc 1.00° 0.36° 0.282
Tillage x sowing date
T2, no delay, no till 1.052 0.762 0.482 0.20°0 1.122 1102 0.5220 0.26%
T6, no delay, tillage  0.64¢ 0.60> 0.27° 0.18%® 0.94bc 1.00° 0.36b 0.282
T7, 1 week, no till 0.72¢4 0.74b 0.362 0.15% 0.98sb 1.06° 0.51% 0.202
T8, 1 week, tillage 0.94%® 0.74b 0.44% 0.24% 1.062 1.050 0.49% 0.30°

Values followed by different letters denote significant differences (P < 0.05).
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The regression equation to express root growth as
a function of depth had a coefficient of determination
of 0.79. A best subset regression procedure was used
to determine which other factors affected root length
density significantly. Dummy variables, according to
the treatments applied such as fertilisation, soil
amendment, delay and tillage, were included in the
data array. Using these dummy variables, treatments
were given a rating of Q if the treatment was not
applied or 1 if the treatment was applied. Thus all
fertilised treatments would be given the value 1, and
the non-fertilised treatment number 1, the value 0.
Mulch application improved the coefficient of
variation from 0.79 to 0.90, the variable had a sig-
nificance level of 0.021 and was the only variable
that contributed significantly to reducing variation
for the prediction of root length density. The
beneficial effect of mulch on root proliferation was
through the effect of mulch on soil water content,
where high soil water contents resulted in lower soil
strengths.

Conclusion

The experiments showed that reasonable yield levels
are possible at 0.3 to 0.7 t/ha. A major problem
appeared to be poor crop establishment. Yields
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potentially can be increased by improved seeding
techniques that increase crop establishment or by
raising the plant population density. Observation
showed that:

residual fertilizer from the rice phase is insuf-
ficient for post-rice mungbean and additional fer-
tilizer application increased mungbean yield;
mulch application tends to increase yield,
probably through soil water conservation, weed
control and improved root growth;

correct timing of sowing is crucial for crop estab-
lishment and yield;

tillage tended to increase yield but the additional
labour required may not be justified.
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Grain Yield Response of Mungbean (Vigna Radiata) to
Different Soil Management Practices after Wetland Rice in
the Philippines

W.B. Sanidad, E.V. Dacanay, C.F. Serrano, V.G. Estoconing, D.T. Elicano,
V.E. Castaneda, G.L.P. Urriza and G.N. Alcasid, Jr.!

Abstract

Field experiments on the effects of soil management practices on the grain yield responses of
mungbean grown after wetland rice were conducted during the dry seasons from 1992-93 to
1994-95 in the Central Soil and Water Resources Center of the Philippine Bureau of Soils and
Water Management, San Ildefonso, Bulacan, and in farmers’ fields of Barangay, Calmay, Laoac,
Pangasinan. These included fertilisation, sowing dates after rice harvest, addition of soil amend-
ments, and cultivation. Result of the three-year study on the two experimental sites showed that
surface-applied fertilizer gave no significant grain yield response. Use of rice straw as surface
mulch improved yield through conserving soil water and improving weed control. Optimum time
of sowing was governed by climatological conditions following rice harvest and not by delay of
sowing after rice harvest, per se. Yields of up to 1 t/ha were achieved in the absence of rainfall
provided roots grew to a soil depth of about 1 m and made use of residual water following the rice

phase.

IN a tropical rice-growing country like the Philip-
pines, opportunities to increase cropping frequency
are abundant. In both puddled lowland and rainfed
rice production systems, a significant amount of
water remains stored in the soil profile following rice
harvest. This water could be used for the production
of a subsequent fallow or upland crop, provided this
crop could be quickly established and its roots could
penetrate through the drying puddled layer, and its
associated compacted zone, to the moist subsoil.
Experiments at the International Rice Research
Institute (IRR1 1985, 1986) have shown that dry
season mungbean planted immediately following
rice, if well established, can achieve grain yields of
2.0 t/ha without fertilizer or irrigation. Although
legumes grown as a secondary crop after rice are
normally not fertilised in the Philippines, potential
yield increases due to additional fertilizer application
are possible if residual fertilizer from the rice phase
is inadequate. Yield increases ranging from 42% to

I Bureau of Soil and Water Management, Cnr Elliptical Rd
and Visayas Avenue, Quezon City 1100, the Philippines
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140% were reported by Adisarwanto and Suhartina
(1994) in experiments conducted in East Java,
Indonesia.

A major constraint to the production of dry season
upland crops after rice is crop establishment in
poorly structured seedbeds. Immediately after wet-
land rice harvest, the soil will be wet and in a
reduced condition. Sowing under these conditions is
likely to result in waterlogging and inhibit emer-
gence and root growth. As the puddled layer dries
out, soil strength increases rapidly. Crop establish-
ment and root proliferation through the puddled and
compacted layer become increasingly more difficult.
Time of sowing is therefore crucial for successful
dry season cropping following rice. Soil mechanical
constraints and lack of aeration can be alleviated by
tillage, although this may accelerate topsoil water
loss (Zandstra 1982), and increase the time interval
between rice harvest and seeding of the upland crop,
both of which may lead to reduced emergence.
Although tillage can potentially be used to improve
soil physical conditions, it is expensive, time con-
suming and often wasteful in terms of residual
moisture (Gomez and Zandstra 1977). Zero tillage



could therefore be beneficial (Syarifuddin 1982).
Other difficulties for post-rice dryland pulses include
insect damage. Under unfavourable conditions, too
wet, too dry or excessively high temperatures,
seedlings are prone to damage by Empoasca leaf-
hopper and flea beetles (Bandong and Listinger
1976).

This study was conducted to study the effects of
various soil management practices on the growth and
yield of mungbean after lowland rice, and to provide
guidelines as to the optimum soil conditions to give
production levels that are substantially higher than
farmers’ levels (typically 0.5 t/ha).

Materials and Methods

Field experiments were conducted over three years
in the dry season following wet culture rice from
1992-93 to 1994-95. The sites were located near
Manaoag (Pangasinan province) and San Ildefonso
(Bulacan province) on a silty clay loam and medium
clay, respectively. The effect of post-rice soil
management strategies on growth and yield of mung-
bean were evaluated. Treatments included fertilizer
application, application of soil amendment (gypsum
or mulch), sowing delay following rice harvest and
tillage combined with delay after rice harvest.
Details about the experimental sites and soils, pre-
vailing climatic conditions during the mungbean
phase and experimental layout are given elsewhere
in these Proceedings.

Results and Discussions
Effect of fertilizer application

Table 1 shows the effect of fertilizer application on
the two experimental sites for the three cropping
years. Yield responses were not significant. The dry
soil conditions and absence of rain during the
growing season probably prevented the dissolution
of the surface applied fertilizer and consequently
these failed to reach the root zone. Application of the

Table 1. Effect of fertilizer application on the grain yield
(t/ha) of mungbean grown after wetland rice for the three
cropping years.

Site Year! No fertilizer ~ Complete
fertilizer
Bulacan 1992-932 0.014 0.019
1993-94 0.392 0.141
1994-95 0.170 0.180
Pangasinan 1994-95 0.610 0.510

!Treatment means are statistically not significant. Com-
plete fertilizer = 30 kg of nitrogen, 40 kg of phosphorus and
30 kg of potassium per ha. 2Total biomass.

fertilizer prior to rice harvest may probably show
some response.

Effect of soil amendments

Table 2 shows the effect of soil amendments applied
before and after sowing of mungbean. Application of
rice straw at the rate of 5 t/ha as surface mulch
reduced weed infestation and significantly increased
yield during the first year (1992-93) and tended to
increase yield in all cases except in the last year
(1994-95) at the Pangasinan site. Mulch probably
resulted in lower soil strength and wetter soil con-
ditions during the establishment stage of the crop,
enabling it to exploit the available moisture of the
profile at greater depths. Application of gypsum one
month before rice harvest showed no effect on grain
yield of mungbean for the three cropping years,
except for the first year at Pangasinan where yields
were suppressed. Similar to the application of fer-
tilizer, dry conditions probably prevented the dis-
solution of gypsum, and potential benefits due to
improved soil structural condition in the puddled
layer were not forthcoming. Due to the high base
saturation and low exchangeable sodium levels of
the soil at the two experimental sites, application of
gypsum may not have the desired effect even if it
dissolves and penetrates the puddled layer.

Table 2. Effect of Soil amendment application on the grain yield (t/ha) of mungbean grown after wetland rice for the three

cropping years.

Site Year No amendment Gypsum? Mulch? LSD 5%

Bulacan 1992-93!1 0.19 0.09 0.47 0.28
1993-94 0.44 0.35 0.52 ns
1994-95 0.17 0.25 0.32 ns

Pangasinan 1992-93 0.72 0.25 094 0.13
1993-94 0.77 0.81 1.00 ns
1994-95 0.51 0.62 0.52 ns

1Total biomass. 2Gypsum was applied at the rate of 5t/ha one month before rice harvest. 3Rice straw as mulch was applied
at the rate of 5t/ha. ns = statistically not significant, LSD = least significant difference.



Effect of sowing date

Increasing delay of sowing following rice harvest
tended to decrease yields at the Bulacan site. This
was probably due to very poor soil physical con-
ditions of the Vertisol soil under dry conditions. It is
hardsetting and becomes extremely hard very fast
upon drying. It appeared that crop establishment can
only be adequate if sowing occurs while the soil is in
a wet condition when soil strength is still low. How-
ever, climatic conditions during the end of the wet
season in this area are often erratic and the chances
of heavy rainfall and typhoons occurring are high.
Early planting on this soil can therefore result in crop
failure if the establishing plants are struck by heavy
rains or typhoons. Provision of adequate drainage
may overcome this problem. However, if sowing is
delayed, then failure due to radiply increasing soil
strength is high, resulting in a narrow window of
sowing opportunity with a high risk of failure.
Mungbean yields were very low (<0.4 t/ha). This
area or soil type is not suitable for the introduction of
legumes into the rice cropping system.

There was no pattern for an optimum delay on the
silty clay loam at the Pangasinan site (Table 3). The
rainy season is short, the soil well drained and
usually already dry during rice harvest. Soil water
conditions in the topsoil are therefore largely
govemed by rainfall. The best suited time for sowing
depended on climatic conditions, and not on the time
of sowing after rice harvest. Mungbean yields at
Pangasinan were reasonable, averaging 0.6 to
0.87 t/ha.

Root growth

There were treatment effects on the growth of roots
during the flowering stages on both sites (Figs 1-3).
Except in year three, root growth on the Vertisol at
the Bulacan site was limited to 30 ¢cm depth. The
limited depth of root proliferation and concomitant

lack of subsoil water use was reflected in the poor
yield on this site (0.01 to 0.4 t/ha). In contrast, on the
silty soil at the Pangasinan province, root growth to
1m deep was observed. Yields were high and
associated with greater use of residual subsoil water.
It is important to note that high yields were achieved
even under dry conditions largely in the absence of
rainfall during the mungbean phase.

Conclusions and Recommendations

The study assessed the response of mungbean to dif-

ferent management practices which included fer-

tilisation, soil amendments, sowing date, and
cultivation when grown after rainfed wetland rice.

Based on the results obtained from the three-year

study, the following conclusions can be drawn.

1. Fertilizer had no effect on the grain yield of
mungbean.

2. Use of rice straw as surface mulch tended to
increase grain yield through conservation of soil
water and concomitant lower soil strength and
weed control.

3. Prescribing a suitable planting time is very dif-
ficult because soil water content at planting is
affected by both delay after rice harvest and rain-
fall. There is still a clear need to assess the
rainfall probability after rice harvest to assist
farmers in selecting suitable times for sowing to
avoid waterlogging and excessively high soil
strength.

4. The different soil management practices showed
no significant effect on root growth and distri-
bution. However, roots proliferated to about 1 m
deep on a silty clay loam with subsequent high
yield through use of residual subsoil water
reserves.

5. High yields are possible under dry conditions in
the absence of rainfall, provided roots penetrate
the subsoil and use residual soil water from the
previous rice crop.

Table 3. Effect of sowing date on the grain yield (t/ha) of mungbean grown after wetland rice for the three cropping years.

Site Year No delay? Delay 13 Delay 24 LSD 5%

Bulacan 1992-931 0.03 0.02 0.02 ns
1993-94 0.62 0.41 0.17 0.23
1994-95 0.24 0.17 0.11 ns

Pangasinan 1992-93 0.46 0.73 0.85 0.13
1993-94 0.96 0.77 0.89 ns
1994-95 0.77 0.54 0.54 ns

!Total Biomass. 2Sowing immediately after rice harvest. * Sowing one week after rice harvest. * Sowing two weeks after rice
harvest. ns = statistically not significant, LSD = least significant difference.



Manaoag mungbean root growth (E2 — flowering)
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Figure 1. Root length density of mungbean at flowering in Manaoag as affected by the different soil management practices
(1992-93, year 1).
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Figure 2. Root length density of mungbean at flowering in Manaoag as affected by the different soil management practices

(1994-95, year 3).
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Figure 3. Root length density of mungbean at flowering in Bulacan as affected by the different soil management practices
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