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ABSTRACT

As the worlds fresh water dwindles, there are atfgmto find more effective methods of irrigation.
This issue is most important for lowland rice as t&a requirement for lowland rice production is
about two times that required for production forlwr cereal crops. Growth of rice variety Azucena
under three water treatments was studied: waterl¢adt 15cm and 30 cm below the sand surface and
a flooded treatment with a flood depth of 2 cm abayround. The root rhizosphere environment was
also studied. The plants were grown for a periodsi¥ weeks and parameters determined included:
tiller numbers, length of nodal roots, soil tempédtaes and total oxides of Nitrogen. The plants un-
der the flooded treatment had a significantly greatnumber of tillers than the others. Availabilitgf
nitrogen (TON) was generally as follows: 15 cm wateeatment > flooded treatment > 30 cm water
table treatment. Soil temperatures were significgndifferent under all the treatments. Lower water
tables may not be suitable for the growth of theugena rice variety

Keywords: Water table control, Azucena, flooded treatmentpgen, temperatures

INTRODUCTION prove upon rice productivity under basin irriga-
As the worlds fresh water dwindles, there ardion and the search for alternative methods of rice
attempts to find more effective methods of irriga-irrigation continues. Water table control is a
tion. This issue is most important for lowland ricemethod that attempts to control the level of the
as water requirement for lowland rice productionvater table for the purpose of crop production. It

is about two times that required for productionhas been used on a number of crops and has been
for other cereal crops (CIGAR, 1999). reported to lead to increased yield as well as wa-

: ) .. ter saving (Owusu-Sekyere, 1998). Water table
According to Owusu-Sekyere (2005), many irri &ontrol in rice production could lead to a modifi-

gation methods have been applied to lowland™ . . .
rice. however. none of them has been able to inFation of the root rhizosphere, because unlike
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flooded rice, where the root zone is saturatedyrovided by fluorescent tubes, supplemented by
there is a certain level of aeration under watetungsten bulbs.
table control conditions.

ore arrangement

he cores, made of plastic, were 45 cm long and
5.2 cm in internal diameter. Six of them were
itted into each tank. In setting up, the bottom of
e cores were covered with permeable cloth and
placed directly into the tank; they were then élle
with sand. The cloth prevented sand from falling
out and helped to retain the sand and plant in the
core during harvesting. The sand was initially
saturated with nutrient solution, and the cores
Jvere gently tapped as the solution was added to
ensure that the sand surface was level. Nutrient

This paper reports on the effect of three wate
treatments on the growth of rice variety Azucen
over a period of six weeks. Some soil rhizospher
parameters are also studied to determine if an
differences in growth could be attributed to thei
changes.

MATERIALS AND METHODS

Water treatments

The treatments used in the experiments were:

1. Water table held at 15cm below the san

2 ?/l\;g?ecretélb?gmgl(ejagpzrg)cm below the San&olution was poured into the tanks, around the
surface (30 cm treatment) and cores.

3. Flooded soil with flood depth of 2 cm.

(Flooded treatment). Water supply

The water was supplied through the bottom of the
The water table depths were selected based @are and the plants were watered by capillary
work done by Clarket al., (2002) who used a action. The water table was initially held at a
water table treatment to test the ability of ricedepth of 30 cm below the soil surface in each of

roots to penetrate a hard pan. the tanks to ensure seedling establishment. The
_ _ treatments were imposed three days after sowing,
Experimental design when the plants were about 2 cm high, by adding

The plants were grown in the cores, which wereénore nutrient solution to raise the water levels in

fitted into tanks in which the water table levelsthe tanks to their respective depths. The depth of
were controlled. A randomised complete blockhe water table was held at the specified depths
design with three replications was used. Therﬂ]roughout the experiment by topping up at least
were three tanks in each block, and each tank hagery two days. A mean drop of about 1 cm a day
six cores. These cores were filled with the growtln the level of the solution was observed, thus

material and placed in the tanks. The environmerthen topping up, the level of the solution was

in the growth chamber was controlled. Blockingraised 1 cm above the desired level so that over
was used due to variations on levels of inciderthe two days, the mean depth would be the de-
radiation in different areas of the growth chamsjred depth. Flow of water into the cores was not

ber. in any way inhibited by the permeable cloth; this
was determined by observing increase and de-
Growth chamber crease of depth of floodwater in the cores sub-

The experiments were conducted in growthjected to the flooded treatment.

chambers at the Silsoe Research Institute, Silsoe,

U.K., under controlled environment. The con-Nutrient solution

trolled conditions were: 16 hour day length®@0 A nutrient solution of composition 1.5 mM Ca
air temperature during the day and@ét night, (NOs)z, 0.15mM Cak(PO4}, 1.0mM KCL, 0.3
a relative humidity of air of 70% and a photosyn-mM MgSQ,, with the following micronutrients:
thetic photon flux density of 300-350 mol’s* 50m M B, 50m M Fe, 10mM Mn, 1 mM Zn,
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1mM Cu and 0.5mM Mo (Clarkt al.,2002) was of the roots, each root was straightened and the

used. ruler used to determine its length. The plants were
dried in an oven for 18 hours at a temperature of
Growth medium 102C and the root and shoot dry mass deter-

Sand was used as the growth medium. It was sained by weighing.

lected primarily to test the feasibility of rice

growing under the conditions imposed withoutRESULTS AND DISCUSSION

the influence of other factors that might haveRoot length greater than 30 cm

been introduced with the soil. It was also selécteAccording to Samsoet al., (2002) oxygen sup-
because control of the water table depth undealy via aerenchyma restricts rice roots to surface
sand, due to the higher hydraulic conductivity ofayers when the soil is flooded and the soil re-
sand, was easier than under heterogeneous saitgins essentially anaerobic. Naklagtcal. (1996)
and this was desired in a first attempt at such azoncluded that root growth of upland rice was

experiment. much less than that of lowland crops, indicating
o the sensitivity of root growth to soil water defici
Germination Root length above 30 cm is used as an indication

Azucenaice variety, seeds were used. The seeqsy the extent to which the roots can explore
were placed in petri dishes (germination require§eeper depths of soil for water and nutrients. In
some moisture) lined with slightly soaked filterysjang rice, farmers have traditionally used varie-
paper and wrapped in aluminium foil to excludg;es with deep root systems that can avoid drought
light, and kept for 5 days under a 14-hour dayy extracting more water from deeper soil layers
with day temperatures of 3D and night tempera- (Puckridge and O'Toole, 1981). Barison (2002)

tures of 26C for germination. attributed greater uptake of nutrients of rice unde
) the System of Rice Intensification (SRI) to the
Sowing fact that there were more roots greater than 30 cm

Sowing was done by placing pre-germinateqqq.

seedlings in small holes about 1cm deep, with )

the coleoptile protruding from the surface. The~rom Figure 1, though there were more roots

seedlings were carefully covered and vermiculitgreater than 30 cm for the flooded treatment at
placed around the base of the seedling. This wake end of 6 weeks, the sum of the lengths of the
to ensure that the seedling did not dry out. Verl0ots was lower than for the 30 cm water table

miculite is able to absorb moisture so it is able tdepth treatment, implying the mean length of

keep its surroundings moist as long as there isg0tS was greater in the case of the plants under

moisture supply. the 30 cm treatment. Right from th¥ 2veek, the
total root length for the 30 cm treatment stayed
Harvesting higher than the others. The plants under the 30

The tanks were drained at each harvest before tG8) Water table depth treatment had a greater po-
cores were lifted out to avoid the breakage of thEential to access moisture at lower depths.

roots. The cores containing the plants and the

growth medium were put into the harvestinglillernumbers _

equipment (Clarket al., 2002) and the cores he numbgr of tlllgrs is approximately constant
pulled out leaving the plant and the sand. Thér any variety of rice under comparable condi-
sand was washed away and the plant removetPns, but t|_IIer|ng is influenced by cu!tural cond_
The plants were stored in a refrigerator and mealons, spacing of plants, amount of nitrogen fertil
ured at a later date. A ruler was used to determirige” applied, weeds and water supply (Grist,
the length of each root and the shoot. In the cadé®86). Some of the conditions, which varied in
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this experiment, were the water supply and thef the sixth week, the number of tillers for the
amount of available nutrients in the different waplants under the flooded conditions was signifi-
ter table depths used which led to different levelsantly greater than that for the other treatments.
of nutrients in the cores. Development of tillers slowed down dramatically
From Fig 2, at the end of the fourth week, ther%Or the plants under the 15 cm _af‘d 30 cm water
were no significant differences in number of till- able depth treatments whereas it increased for the
ers for the different water treatments. At the en lants under the flooded treatment from the fourth

o the sixth week.
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Figure 1: Total root length (TRL) greater than 30 en vs weeks after treatment imposi-
tion, showing L.s.d. (p<5%)
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Figure 2: Mean tiller number vs. weeks after treatnent imposition showing L.s.d. (p < 5%)
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Sand Temperatures The actual differences in temperatures were quite
Soil temperature affects plant growth indirectlysmall, about 0.%C between the 30 cm and the 15
by affecting water and nutrient uptake as well asm water table treatments, and P@%etween
root growth. At a constant moisture content, dhe 15 cm and flooded treatments however,
decrease in temperature results in a decrease Songfa (1995) observed differences in growth of
water and nutrient uptake. In this case there is@ce for temperature differences of between 0.2
certain level of complexity in that there are threand 0.4C, with the higher temperatures produc-
different moisture levels leading to three diffarening better growth. There is therefore the possibil-
temperature regimes and therefore different levelsy that temperatures will contribute to differeace
of influence in growth. in growth both directly and also through the influ-

Temperatures were determined at two depths: gnce on soil chemical properties.

cm and 10 cm below the surface. This was donRifferences in temperatures between TOP and
in order to obtain an idea of the temperature graBOT varied for the different water treatments.
dient in the rooting zone. Temperatures were sigrhe differences were significant between the 30
nificantly different for the different treatments a cm water table depth treatment and the flooded
each depth; they were not significantly differentreatment. These differences reflected moisture
between the two depths in any of the treatments.gradients; greatest under 30 cm depth followed by
15 cm and the flooded. Soil temperature gradi-

Generally soils with a deeper water table heat Y8nts increased with decreasing moisture contents.
faster than those with a shallower water table

(Hillel, 1980) and there is such a reflection hereédccording to Hillel (1980), the volumetric heat
in that the treatments with the deeper water tabkapacity for sand of volumetric moisture content
depths were significantly hotter than those wittf 0.0, 0.2 and 0.4 are 0.3, 0.5 are 0.7 J @',

the shallower water table depths. respectively. The volumetric heat capacity is the
amount of heat required to raise unit volume of
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Figure 3: Soil temperature at depths of 1cm (TOP) ad 10cm (BOT) from surface showing
L.s.d. (p<5%)
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Figure 4: Mean difference in temperature {C ) between soil surface and depth 10 cm
below the surface for three water table levels withy error bars for L.s.d. (p=5%).

soil by 1°C. Owusu-Sekyere (2005) observed thaFigure 5 is a plot of the volumetric heat capasitie
under similar conditions, the volumetric moistureagainst volumetric moisture content according to
content for the 30 cm water table depth was 16 .Hillel (1980). The volumetric heat capacities for
%; 33.8 % for the 15 cm water table depth anthe moisture contents obtained in this experiment

44.4 % for the flooded treatment. may then be estimated, which are: 0.36 for the 30
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Figure 5: Volumetric heat capacity (J cn® °C™) vs volumetric moisture content. (Values
adapted from Hillel (1980)
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cm water treatment, 0.638 for the 15 cm watenoted that constituents of growth are dependant
table treatment and 0.744 for the flooded treawln levels of nitrogen available. As different level
ment. It would thus require two times as muctof nitrogen are available under different levels of
heat to raise the temperature of a volume dhe water table, growth differences are expected
growth medium by %C in a flooded system than to appear under the different depths of the water
would be required for a water table depth of 3@able primarily as a result of differences in level
cm. Thus, even though there would be more heaf nitrogen available.

under the flooded system, this would not be reg

) ean values of TON (N under a water
flected in the temperature values. (NON)

table depth of 15 cm was significantly greater
than for the flooded treatments as well as for
the plants under the 30 cm water table depth.
NOjs under the flooded treatments were higher
than for the plants under the 30 cm treatment,
this was however not significant.

Total Oxides of Nitrogen (TON)
Total oxides of nitrogen in this report refer to
NOs; NO, and NO. Levels of N@ determined
were very low, relatively, (at about 0.1mg L-1)
and were assumed to be negligiblgONwvas not
measured and NQ is therefore used inter- Figure 7 shows values for NGt different times
changeably with TON in the rest of the report.  during the experiment. Though Fig 6 shows that
there were significant differences in NQevels,
ese appeared only in the third and fourth weeks.

the plant der th diti . d Moist After the third week there was a rise in the
€ piants unger the conditions imposed. MOISIUrg ¢ of nitrogen under the 15 cm water table
content will, however, influence other factors,treatment

which will have a greater impact on growth. The _ _
main determining growth factor then could beThe plot of TON over time (Figure 7) shows that
level of nitrogen available. It has already beerthe flooded treatment started at the highest point

It has been alluded to that differences in moistur
content may not explain differences in growth o
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Figure 6: TON against water table depth with errorbars representing L.s.d. (p=5%)
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and dropped over time. The 15 cm treatmenAzucenarice variety. It is however apparent that
started a little lower but instead of decreasingthere is some moisture saving when the water
increased initially before finally dropping. The 30table is lowered. It may be necessary to grow rice
cm treatment started out lowest and dropped bup to yield to determine if moisture saving offsets
at a slower rate. Plant nitrogen content was naftield loss.
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