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ABSTRACT

Glasshouse nutrient omission trialsare useful inidentifying nutrient limitationsfor plant growthin
anumber of soilsunder the same environmental conditions. Soils of low fertility are commonly used for
production of rainfed lowland rice (Oryza sativa L .), and the crop often encounters water stress. Nutrient
requirements may be modified when standing water disappearsfrom the field. Two experimentswith rice
seedlingswereconducted in aglasshouse at Ubon Rice Research Center, Thailand, toidentify thenutrients
which limit rice growth in soils of Northeast Thailand, and to determine whether nutrient limitations are
affected by water availability. In Experiment 1, ricewasgrown ontwo soils(Roi Et and Ubon series) under
well-watered and water-limiting conditions, and 15 nutrient treatmentswereimposed. |n Experiment 2, six
soilsfrom Northeast Thailand were examined using the same 15 nutrient treatments. The nutrientswhich
clearly limited the growth of rice plantsin soils of Northeast Thailand were nitrogen (N) and phosphorus
(P). In some cases, potassium (K) and sulfur (S) also limited growth, and in one soil zinc (Zn) and boron
(B) also limited growth. A shortage of N was the most important limitation for plant growth in all soils
except one in which P was more important. The low supply of P decreased plant height and leaf area
development during early growth; low N supply had agreater effect later during growth. The omission of
Phad alarger detrimental effect on growth whenwater supply waslimited. Inthe Roi Et soil, the omission
of Shad alarge effect on leaf areaand total dry matter production only under water stress conditions, but
this was not found in the other soils examined. These results from glasshouse studies showed that the
nutrients limiting rice growth depend on soil type and water availability in soils of Northeast Thailand.
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INTRODUCTION

The low productivity of rainfed lowland
rice (Oryza sativa L.) in Northeast Thailand is
linked to a general paucity of nutrients in the
coarse-textured, acidic soils that prevail in the
region. Dudal (1980)described problemsassociated
with coarse-textured soils as low water-holding

capacity, low cation exchange capacity and a
deficiency in minor nutrients,including zinc (Zn),
manganese (Mn), copper (Cu) and iron (Fe),
normally bound to clay and organic matter. The
utilization of applied nutrients, especially nitrogen
(N), is low due to rapid leaching of nitrate in the
coarse-textured soils. Under these conditions, rice
yield responsesto N and P fertilizer are often not
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high (Ragland and Bunpuckdee 1987).

In rainfed lowland rice in Northeast
Thailand, water shortageiscommon asthe amount
of rainfall isonly between 1000 and 1500 mm per
annum(Keerati-Kasikorn, 1984). When the soils
are no longer submerged or saturated, the reduced
soilsbegintooxidise, soil acidity increases, andthe
availability of plant nutrients, particularly
phosphorus (P) decreases. Whether or not these
changes decrease crop yield depend upon how
rapidly the soil dries and the stage of plant growth
when these changes occur. Several experiments
have investigated the drought tolerance of ricein
Northeast Thailand (Jearakongman et al., 1995;
Wonprasaid et al., 1996). The results of these
experiments showed that adapted rice cultivars
were not only drought-tolerant, but also grew well
under low fertility andlow pH, thecommonfeatures
of soils in Northeast Thailand. In these soils,
however, there is little information on which
nutrients limit the growth of rice and how the
nutrient availability is affected by water supply.
Therefore, the aim of this study was to identify
thosenutrientsthat limit growth under well-watered
and water-limiting conditionsin anumber of soils
in Northeast Thailand. Soils were collected from
different areas, and plantsweregrowninthesesoils
under the same growing conditions.

MATERIALSAND METHODS

Two pot-experiments in glasshouse were
conducted at the Ubon Rice Research Center, Ubon
Ratchathani, Thailand.

1. Soils

Rice plants were grown on three soil series
commoninNortheast Thailand: Roi et (fine, loamy,
kaolinitic, acid aric pal eaguults) occupying 60% of
paddy fields in the Ubon Ratchathani province,
Ubon(coarse, loamy, siliceous, aguatic dystropepts)

occupying 18% of Ubon paddy fields, and Phimai
(vertic tropaguepts) occupying 1% paddy field of
Northeast Thailand (Keerati-Kasikorn, 1984).
Quantitiesof Roi et soilswerecollected from Ubon
Rice Research Center (URRC), Sakon Nakhorn
Rice Research Center (SKN), Surin Rice
Experiment Station (SRN), Chum Phae Rice
Experiment Station (CPA), Khon Kaen Rice
Experiment Station (KKN) and Udon Rice and
Temperate Cereal Experiment Station (UDN). Soil
collected from another area at the Ubon Rice
Research Center wasclassified asUbon soil series,
andthesoil collected from Phimai Ri ce Experiment
Station (PMI) as Phimai series.

Soil sampleswere collected from 0-20 cm
depth at each site, andthesampleswereair-driedin
a glasshouse. Rocks, clods and macro organic
matter (e.g. undecomposed rice straw) were
removed by sieving through a2 cm screen.

The physical and chemical characters of
these soils are shown in Table 1. All soils were
acid, with pH (1:1 soil:water) varying from 4.42
(Roi Et soil URRC) t0 6.12 (Phimai soil) indicative
of the acid soils of Northeast Thailand. Likewise,
all soils had extremely low organic matter
(potassium dichromate method). Extractable P
(Bray Il method) varied from low (Roi Et soil at
CPA and UDN) to moderate (Ubon soil URRC).
Both the Roi et and Ubon soils had low cation-
exchange capacity (CEC), in keeping with the low
clay percentageinthese soils. TheexchangeableK
level waslow (Roi et soil SRN) to moderate (Roi et
soil URRC).

2. Nutrient treatments

In each experiment, there were 15 nutrient
treatments. These included four treatments aimed
at establishingtheresponseof ricetotheapplication
of al nutrients: 1. Control (no nutrient application),
2. Control+Ca(OH),, 3. All (N+P+K+Mg+S+
FetMn+Cu+Zn+B+Mo), 4. All+Ca(OH),. Each
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of theremaining treatmentseval uated theomission
of asingle nutrient in turn: 5. All+Ca(OH),-N, 6.
All+Ca(OH),-P, 7. All+Ca(OH),-K, 8.
All+Ca(OH),-Mg, 9. All+Ca(OH),-S, 10.
All+Ca(OH),-Fe, 11. All+Ca(OH),-Mn, 12.
All+Ca(OH),-Cu, 13. All+Ca(OH),-Zn, 14.
All+Ca(OH),-B, 15. All+Ca(OH),-Mo. The
chemical forms and the rates of nutrients applied
are shownin Table 2.

The effect of nutrient omission was
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determined by comparing the result of each
treatment with that of Treatment 4. Treatments 2
and 4 were compared with Treatments 1 and 3,
respectively, to examinethe effect of liming to pH
6.0 with Ca(OH),,.

3. Experiment 1

This omission pot experiment studied the
growth of rice on two soils: Roi Et and Ubon soil
seriesfrom URRC with the 15 nutrient treatments

Table1l Physical and chemical properties of soils collected from eight sitesin Northeast Thailand. The
first two soils were used in Experiment 1. The remaining soils were used in Experiment 2.

Soil series  Site pH Organic  ExtractableP Exch. K CEC Texture (%) Textural class
(H,0) matter (%) (mgkg?l) (mgkgl) (cmol kgl Sand Silt  Clay

Roi Et URRC 442 0.57 27 50.0 185 61 31 8 sandy loam
Ubon URRC 4.68 0.97 74 25.0 153 77 18 5 loamy sand
Roi Et SKN 5.45 181 25 14.8 -* 84 12 4 loamy sand
Roi Et KKN 551 0.67 15 44.4 -* 74 14 12 sandy loam
Roi Et CPA 5.40 0.36 10 444 -* 62 16 22 clay loam
Roi Et UDN 6.04 1.20 10 333 -* 68 18 14 sandy loam
Roi Et SRN 4.87 0.97 15 185 -* 72 22 6 sandy loam
Phimai PMI 6.12 0.33 15 7.7 -* 58 14 28 silty clay loam

*

No data available

Table2 Salt formsand nutrient rates used in the nutrient omission pot trials.

Nutrient Salt Nutrient rate (kg/ha)
N Urea 100
P NaH,PO,.H,0 30
K KCl 80
Mg MgCl,.6H,0 30
S Na,SO, 25
Fe FeCl,.4H,0 5
Mn MnCl,.4H,0 5
Cu CuCl,.2H,0 3
Zn ZnCl, 4
B H,BO4 2
Mo (NH/ M 0,0,,.4H,0 0.4
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detailed above. There were a so two water supply
treatments: well-watered and water-limited. Inthe
well-watered treatment, the pots were maintained
with 3 cm standing water after Week 2. In the
water-limiting condition, after 2weeksgrowingin
well-watered condition, water was applied tofield
capacity for 2 weeks (week 1 and week 2), thenin
the third weeks of treatment (week 3), water was
added to each pot with 70% * (for 4 days) and 50%
*(for 3days)(week 4) of water used by theplantsin
thewell-watered treatment during week 1 and 2, to
impose a moderate water stress. Water was then
appliedto field capacity during Week 4, and water
stressagainimposed over thesubsequent weeks. In
thesubsequent 2weeks, thewell-watered condition
was maintained and the plants were harvested.
Treatmentswerelaid out in afactorial design with
four replications.

4. Experiment 2

The growth of rice was studied on six soils
collected from SRN, SKN, KKN, CPA, and UDN
(Roi-Et series) and PMI (Phimai series) in which
15 nutrient treatments were imposed as in
Experiment 1. Rice was grown for 7 weeks under
well-watered conditions with continuous standing
water after Week 2. Treatmentswerearrangedina
randomized complete block design with four
replications.

5. Experimental procedures

Potswith 15.5 cm diameter werelined with
two polyethylenebagsto cover thedrainage holes.
Except for Treatments 1 and 3, finely-ground
analytical grade Ca(OH), was added to the soil for
each pot and mixed thoroughly. Thereafter, except

for N, nutrientswere applied to the soil in solution.
Nitrogen, as urea, was applied at the time that the
flooded treatment was imposed in order to reduce
the possibility of ammonium conversionto nitrate,
and subsequent loss by denitrification in the
waterlogged conditions.

Six uniform seeds of therice cultivar, RD6,
were sown at adepth of about 1 cm, and sufficient
deionized water was added to bring soil moisture
content of each pot upto field capacity, acondition
maintained for 2 weeks after sowing. Seedlings
werethinnedto maintain 3 plantsper pot. Thereafter,
the two water treatments were imposed in
Experiment 1 or standing water imposed in
Experiment 2.

Leaf area was measured using a leaf area
meter(L1-COR LI1-3000A,1988) at the end of the
growth periodin Experiment 1, andin Weeks4 and
6 in Experiment 2. Plant height was determined
three times(at 2,4 and 6 weeks after sowing) in
Experiment 2. Tiller number and total dry matter
(TDM) of tops were determined at the end of each
experiment. All results are expressed on a pot (3
plants) basis.

RESULTS

In both experiments, poor growth of rice
was evident in all soils to which no nutrients had
been added (Treatment 1). Growth was markedly
increasedin Treatment 3, inwhichall nutrientshad
beenapplied, butlimingto pH 6.0had nobeneficial
effect on plant growth (i.e. growthin Treatments 2
and 4 wasno better thanthat in Treatments1 and 3,
respectively). Since al other nutrient treatments
had received lime, Treatments 2 and 4 were used

*  to obtain the 70% and 50% water used in well-watered condition, weigh the pots with soil and plant(B) before applying water,
then after applied water weigh the pot(A) again. The amount of water applied(Y) isequal to: Y = A-B

70% of well-watered = 70(A-B) /100
50% of well-watered = 50(A-B)/100
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for comparison of al other results.

1. Experiment 1

For both leaf areaand TDM, there(Table 3)
weresignificant main treatment effectsof nutrient,
water and soil type and also al interaction effects
except for water by soil interaction. There was a
significant detrimental effect with the omission of
N, P, K or S, but the effect differed in thetwo soils
and under the two water conditions.

In the Roi et soil under well watered
conditions, therewas alargereductionin leaf area
when N or Pwas omitted (Figure 1a). Indeed, leaf
areainthesetreatmentswasonly 11 and 5% of that
in Treatment 4 (all nutrients added). The effects of
N and P omission were similar under water-stress
conditions. Theeffect of K and Somissionhad only
a dight effect on leaf area under well watered
conditions, but omissionof Scausedlargereduction
in leaf area under water-stress conditions. The
effect of nutrient omission on TDM wassimilar to
that on leaf area, but the effect was generally
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greater (Figure 1b). Omitting either N or Presulted
in TDM similar to the nil nutrient (i.e. control)
under both water conditions. Again, the omission
of S had no effect under flooded conditions, but
TDM was only 13 % of that of Treatment 4 under
water-stress conditions.

Where all nutrients had been added
(Treatment 4), there was a significant increase in
|eaf areaand TDM of theplantsgrowninthe Roi et
and Ubon soils (Figure 1). However, nutrient
omissionhadthel esser detrimental effect ongrowth
in the Ubon soil. In this soil under well watered
conditions, omission of N had alarger effect than
omission of P. In contrast, omission of P had the
larger effect under water-limiting conditions.
Omission of either K or S decreased |leaf areaand
TDM dlightly under well watered conditions, but
not under water-stress conditions.

2. Experiment 2
For most measurements made, there were
significant effects of soil, nutrient treatments and

Table3 Effectsof nutrient managements, water regime and soil type on leaf areaand dry matter of rice

(6 weeks after sowing).

Soils Leaf area (cm?) Dry Matter(g)
All Control All Control

Roi-Et 79.6 56.4 17 1
Ubon 81.1 56.3 16 3
Nutrient(N) *x **
Water (W) * % *k
Soil (S) *% **
N X W * % *%
N X S * % *%*
WxS ns <1
NXxWxSCV ns *x
(%) 28.3 17.4

ns = not significant * = significant at 5% level ** = significant at 1% level
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Figurel Response of rice seedlings (as measured by leaf area and total dry matter) to all nutrients
applied(All) the omission of al nutrients(Nil), nitrogen(-N), phosphorus(-P), potassium(-K)
and sulfur (-S). Riceseedlingswere harvested after 6 weeksafter sowing intwo soilsunder well
watered and water stress conditions (Experiment 1).
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their interactions. Therewasamarkedimprovement
in plant growth with the addition of all nutrients
(Treatment 4) comparedwith Treatment 2inwhich
no nutrients had been applied (other thanliming to
pH 6) (Figure 2). Indeed, leaf area and TDM
increased between 2- and 8-foldwiththeapplication
of al nutrients. Omission of N had a similar
detrimental effect totheomission of all nutrientsin
al soils. Omission of P, however, decreased plant
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Figure2 Response of rice seedlings as measured
by leaf area and total dry matter to all
nutrients applied(All), the omission of
al nutrients(Nil) and of nitrogen(-N)
and phosphorus(-P). Riceseedlingswere
harvested after 7 weekson six soilsfrom
Surin(SRN), Phimai(PMI), Khon
kaen(KKN), Chumphag(CPA), Sakon
Nakhon(SKN) and Udorn Thani (UDN).

performance only in the soils from PMI, KKN,
CPA and UDN, whereas the effect was small and
non-significant for soilsfrom SRN and SKN. Inthe
UDN soil, TDM withthe omission of Pwassimilar
tothat of nil nutrient addition. For PM 1 soil, omission
of Znand B a so reduced dry matter production by
about 30 %, and this reduction was significant.

At 3weeksafter sowing, themean effectsof
the omission of N, P and nil nutrient application
across the six soils showed that plant height was
most affected by Pdeficiency, but later N wasmost
limiting (Table4). A similar trendwasfoundinleaf
area. The results of nil nutrient addition indicate
that at early stage omission of P alone and at later
stagesomission of N alonereduced plant growthto
the same extent asno nutrient addition. At 6 weeks
after sowing, the effect of nutrient omission on
relative performance indicated as a percentage of
the full nutrition addition was greater for height
than for leaf area.

DISCUSSION

The experiments demonstrated that the
largest nutritional limitation to rice growth in soils
of Northeast Thailand was a shortage of N, and to
alesser extent P. The fact that omission of most
other elementshad little effect under well-watered
conditions, and that plant growthintheN omission
treatment was about the same asthat of nil nutrient
additiontreatment, reflectedtheoverall importance
of N for growth of rice in these soils. Field
experiments in rainfed lowland rice in Northeast
Thailand often showed responses to fertiliser N
application particularly when other elementswere
applied (Ragland and Bunpuckdee, 1987,
Khunthasuvon et al.,1998). However, yield
response varied in different locations, and was
often small in the field experiments particularly
when severe water stress developed (Ragland and
Bunpuckdee, 1987).
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Table4 Theeffectsof four nutrient treatments on plant height and leaf area of rice grown with standing
water in Experiment 2. Data are the averages for the six soils which had been limed to pH 6.0.

Treatment Plant height (cm) Leaf area (cm?)

24 das 3ldas 38 das 28 das 50 das
Control 30.5 (84) 332 (72) 36.7 (62) 70 (33) 172 (30)
Al 363(100)  46.1(100) 58.9 (100) 215 (100) 576 (100)
All-N 32.8(90) 35.0 (76) 37.1(63) 95 (44) 166 (29)
All-P 29.7 (82) 35.2 (76) 482 (82) 78 (37) 378 (66)
LSD (P=0.05) 454 6.53 8.63 79 226

das: days after sowing. Percentages relative to the All treatment are shown in brackets.

The results of the nutrient omission trials
indicated general agreement in soil nutrient
availability and rice plant’s response to nutrient
omission. For example, in Experiment 1 plants
grownintheRoi Et soil responded moreto nutrient
omission. The Roi Et soils had lower organic
matter and exchangeable P, although they were
higherinexchangeableK. Similarly in Experiment
2, response to P omission was low in the soil from
SKN where exchangeable P in the soil was the
highest among the 6 soils tested. The largest
responsewasobtainedinthesoil from UDN, which
had the lowest exchangeable P.

The response to nutrient omission,
particularly P differed under different water
availability conditions. Inthe Ubon soil, the effect
of P omission was more severe under water stress
conditions. It is known that availability of some
nutrients, such as P, decreases as standing water
disappears from the paddy (Ragland et al., 1987),
and this may have excerbated the response to P
omission.

Theresult of |eaf arearesponseto Pomission
in Experiment 2 indicated that the plant response
was more severe at earlier stages, and a similar
result was also obtained in Experiment 1 (data not
shown). Thischangein responsewith time may be

related to growth of roots in the pot. Soil P may
have become more available gradually with
development of theroot system. Theresult showed
the high sensitivity in a seedling test, particularly
for P, but thisdid not necessary mean that theyield
inthefield waslimited by ashortage of P. Ragland
and Bunpukdee (1987) showed rather small yield
responseto N applicationinRoi Et soilsinNortheast
Thailand, whereas in the present glasshouse
experiments dry matter growth of seedlingsin the
N omissiontreatment wasonly 10—20% of thefull
nutrient treatment. It was concluded that the use of
seedlingsinthenutrient omissiontrial inglasshouse
is effective in identifying nutrients that limit plant
growth, but the effect of nutrient omissionongrain
yield needs to be tested in the field.
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