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Abstract

Using tracer technique of 8Zn, a field experiment has been carried out to
evaluate the efficiency of zinc fertilizer by rice plant grown under flooded cond-
itions, The treatments include zinc slufate mixad throughout the soil with and
without organic matter, combined urea-zinc fertilizer (N: 37.7%, Zn: 3.1%),
and surface application at transplanting and two wesks after transplanting at
the rate of 5 kg Zn/ha respactively. Other trzatmoents were zinc sulfate mixed
throughout the soil at the rate of 10 kg and 20 kg Zn/ha respectively, Root dip-
ping in 2 % ZnO suspension, only organic matter added, and control were also
included,

There was not much difference in rough grain yield between zinc levels and
different application methods, but the highest yield was obtained from the trea-
tment of the root dipping in 2% ZnO suspension,

Among the 5 kg Zn/ha treatments, the highest total zinc yield was observed
from the zinc mixed throughout the soil. The organic matter treatment seemed
to reduce the zine fertilizer efficiency,

In case of the zinc fertilizer levels, 5 kg Zn/ha mixed throughout the soil
showed the highest zinc fertilizer efficiency as compared with 10 kg and 20 kg

Zu/ha treatments,
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I. Intreduction

Since higher yielding rice varieties have been
introduced, rice plant requires much more mac-
ro and micronutrients as compared with local
varieties for their good growth and yield.

Zinc was recognized as an essential micronu-
trient as early as 1926 by Sommer and Lipm-
an?, and numerous instances of zinc deficiency
in upland crop were reported subsequently?:3:4,
However zinc deficiency in the low land rice
was recognized for the first time as a problem
in India 1966%., The zinc deficiency problems
of the low land rice were intensively studied at
IRRI for last few years®, In Korea, there are
some part of paddy fields derived from lime
stone which might cccur the zinc deficiency
problem in the field. We have conducted exp-
eriments on the zinc status in rice growing
field soils and the efficiency of the zinc fertili-
zation for flooded rice under glass house condi-
tion using calcareous paddy soil.

The significance of this observation has not
been adequately evaluated in terms of agrono-
mic effectiveness of the previous study under
field condition, So that the cbjectives of this
experiment were to evaluate the efficiency of
zinc fertilizer utilization by rice plant grown
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yield response to zinc application.

II. Materials and methods

1. Variety and nursery

One high yielding local rice variety, Jinh-
For
seedling preparation the seeds were chosen by

eung was chosen for this experiment,

the gravimetric method using salt solution(S.
G. 1.06) and sterilized with 0.1 % HgCl,
solution for 7 hours,

The nursery bed was prepared on April 18,
by the routine method and the seeds were
placed on the bed. During the nursery peried
the seedling received fertilizers at the rate of
300 kg N/ha, 200 kg P:Os/ha, and 250 kg K»
O/ha excluding zinc fertilizer,

2, Soil

The experimental site was the Experimental
Farm of the Korea Atomic Energy Research
Institute located at Geumgok-Ri, Yang ju-Gun,
Geonggi-Do, Korea. For last three years only
rice plants were cultivated at this experimental
site,

The field soil used for this experiment belongs
to Pung-cheon soil series which has moderately
rapid drainage and permeability characteristics.
It is alluvial deposit soils derived from the

in the field under various methods of zinc banded gneiss, a silty clay loamy soil, and
application using Zn and to determine the abundant in mica,
Table 1. Chemical and physical properties of the soil
Depth Total NHq NOg pH C Organic C.E.C.
Texture N H.0 CaCl matter
em % ppm ppm ? aLl % % m, e, /100g
(1:5) 1:2) .
0—20 SiCL 0.23 210.0 2090. 0 5.6 4.7 2.0 3.4 9.4
20—40 L 0.20 280.0 1720.0 5.4 4.2 1.9 3.2 8.6
40—60 L 0.14 245.0 1155.0 5.1 4.2 1.0 1.7 5.7




Isotope-Aided Micronutrient Studies—+-T.K, Kim+- K, W, Han-Z. K, U.K.J. Song 217
Exchangeable
Depth cations Total Free Olsen P DTPA Zn (.1N-HCl
Texture m, e, /1002 exchangeable ! Zn
cm basesm. e, /100g CaCO; ppm ppm ppm
K Ca Mg

0—20  SiCL 0.41 54 20 8.3 1.8 21.4 2.31 5.16
20—40 L 0.12 3.6 1.9 7.5 1.2 19.6 2.10 4,81
40—60 L 0.13 27 11 4.6 0.7 16.2 2.05 4.63

The chemical and physical properties of the
soil are shown in Table 1.

The organic matter content and exchangeable
potassium in the surface soil show somewhat
higher values than their mean value respectively.,
On the other hand the DTPA extractable
zinc concentration is rather high as comparing
with the zinc deficient soil,

2. Experimental design

Randomized block design with four replicati-
ons were adopted for this experiment.
3-1 Teatment

Basal nitrogen was applied as urea at 60 kg N/
ha just before transplanting and mixed througho-
ut the soil, Additional 40 kg N/ha was applied at

the primordial initiation stage for all treatments

except treatment No, 3. In case of treatment No.
3, no additional nitrogen was applied as a basal
nitrogen, When 5 kg Zn/ha was applied as comb-
ined urea—zinc fertilizer, nitrogen also include
at the rate of 60 kg N/ha. But nitrogen top
dressing was applied at the rate of 40 kg N/ha
as in all other treatments at the primordial
initiation stage. The triple super phosphate
was applied at the rate of 80 kg P:0s/ha as
basal dressing, Also potassium chloride was
applied at the rate of 80 kg K:O/ha, 50 kg of
that as basal and the rest 30 kg as top dressing
Overall
treatments of this field experimen tis shown in
Table 2.

at the primordial initiation stage.

Table 2. Overall t{reatments for field ‘experiment

Treatment

No Treatments
1* 5 kg Zn/ha as zinc sulfate mixed throughout the soil (MX-5)
2% 5 Iég Zn/ha as zinc sulfate plus organic matter compost mixed throughout the soil (MX-~
5-OM)
3+ 5 kg Zn/ha as combined urea-zinc fertilizer mixed throughout the soil (COMB-5)
4* 5 kg Zn/ha as zinc sulfate at transplanting on surface application (SURF-5)
5* 5 kg Zn/ha as zinc sulfate surface application 2 weeks after transplanting (SURF-5-2W)
6* 10 kg Zn/ha as zinc sulfate mixed throughout the soil (MX-10)
7Rk Root dipping in 2% ZnO suspension (ROOT-DIP)
gkkk Organic matter compost only (no zinc) (O.M.)
9 Control (no zinc) (CONTROL)
b (el 20 kg Zn/ha as zinc sulfate mixed throughout the soil (MX-20).
* Zn-65 labelled zinc sulfate were used for radioactive sub-plot
ok Zn-65 labelled combined urea-zinc fertilizer (N: 37.7%, Zn: 3.19%) was used for radio-
active sub-plot, Rest of sub-plot received unlabelled combined urea-zinc fertilizer
*orsk 0.336 kg Zn/ha: equivalent to the amount of zinc applied to one hill, 2.1 mg Zn/hill
Hokk 3 ton rice straw/ha was applied, The straw contains 1.8% N, 0.09% P, 1.7% K, 120
ppm Fe, 10ppm Cu, 20ppm Zn respectively,
Fokkokk Only one replication received Zn-65 labelled fertilizer because shortage of the labelled

compound.
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3-2 Plot layout

Main plot size was 15m (3mX5m) and
the planting distance was 25cmX25cm. Radio-
active zinc microplots were placed at the center
of the plots at the size of 100cmX100cm=1m?,
The active microplot was separated from the
plot by using plastic sheets of appropriate dim-
ensions, maintaining a height of about 25 cm
above the ground, and down to a depth of
30 cm below the soil surface to prevent the
movement of water between radioactive micro-
plot and the non-radioactive area of the main
plot.

3-3. Procedure

Each plot was demarcated according to the
plot size. The land for planting was prepared
by ploughing and levelling 8 days before tran-
splanting. In case of the plot receiving organic
matter, the compost was spread uniformly over
the soil surface before ploughing to incorporate
well within the plough layer.

Basal dressings of N, P and K fertilizers were
applied and incorporated into the soil by pudd-
ling into a depth of about 6 cm at transplanting,
The zinc fertilizers application(both unlabelled
and Zn-65 labelled) for the treatments 1,2,3, 6
and 10 were made simultaneously with the basal
application of N, P and K.

In plots receiving treament 4, the surface ap-
plication of zinc sulfate was done after the basal
fertilizer dressings of N,P and K had been
The %Zn labelled
zinc sulfate which was supplied by the IAEA

incorporated into the soil.

was diluted and applied into the active micro-
plot in the activity of 1 mCi/g zinc according
to the treatments, Immediately after fertilizer
application, the entire plot was irrigated up to
a water level of 5 cm above ground on May 31,
The rice seedlings were transplanted 24 hours
after the irrigation and the field was irrigated
as and when required to maintain the water
level in plots continuously at a height of 5cm.

Two weeks after transplanting, zinc sulfate
was applied to the surface water of treatment 5,
For top dressing, 40 kg N/ha with urea, and 30
kg K:O/ha with potassium chloride to all plots
on July 15. On July 3 herbicide, Machete (2-
Chloro 2, 6’-diethyl-N~butoxymethyl acetanilide)
was applied at the rate of 30 kg/ha to prevent
weed. To control diseases 3 % of Reldan granule
(O, O’-dimethyl-0-3, 5, 6, trichloro-2-pyridyl
and Bla-S (Blasticidin-S-
benzyl-amino-benzene sulfonate) were applied
at the rate of 30 kg/ha and 20 kg/ha resp-
ectively., At hte milking stage, bird net was

phosphrothioate)

installed over the plots.

4. Harvest

On September 22, the upper parts of rice
plant were cut 3 cm above the soil surface and
separated into straw and grain, In case of rad-
ioactive microplot rice plant was harvested
separately from unlabelled area for analysis of
65Zn, Yield measurements were made for all
the plants harvested from the plots including
radioactive microplot except the border line,
Moisture content on representative samples of
straw, rough and hulled grain was also recorded
by drying the samples in a 65°C oven to
present the result as oven dried weight basis.

5. Analysis of the plant sample

The rice straw, rough grain and hulled grain
harvested from each treatment including radioa-
ctive microplot were ground with the Wiley
cutting mill for analysis of total zinc, nitrogen,
phosphorus, and 5Zn contents.

1) Total zinc in plant: Sample of 0.25 gram
was treated with 5 ml of conc. HNO; and 3ml
of 70 % perchloric acid in a covered diges-
tion tube heated gently until no visible solid
material remained. The digested solution was
adjusted to a desired volume and analyzed by
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atomic absorption spectrophotometer,

2) Total nitrogen: Kjeldahl method

3) Phosphorus: Vanadomolybdate yellow color
method”

4) %Zn activity measurement:
gamma activity of Zn, plant samples were
pulverized again using vibrating mill to obtain
fine powder. The activity of tha fiazly grox
nd powder was measured by 400 chana els

To measure the

pulse height analyzer,

6. Analysis of soil sample

The routine soil physical and chemical anal-
yses were made and followed by the soil

analytical methods®,

219
. Results and discussicn

The effect of varicus zinc applicaticn netho-
ds on the plant height, number of tillers and
panicles at harvesting stage is shown in Table
3. It is very difficult to find the differerces of
the plant height among the treatments. The same:
trends happened in the numbers of tillers and
panicles per hill. Also 20 kg Zn/ha,

level of the zinc application did not show good

higher

response in terms of the plant height, num-
ber of tillers and panicles per hill. However,
number of tillers and panicles per hill seemed
to be reduced by the treatment of organic matter
as compared with zinc mixed throughout the

Table 3. Efects of various zinc application methods on plant height, number of tillers

and panicles per hill at harvest

No Treatment Plant height, cm Tillers per hill Panicles per hill
1 MX-5 84.7 16.2 15.7
2 MX-5-OM 85.2 14.9 14.2
3 COMB-5 84.9 15.3 15.0
4 SURF-5 83.5 14.3 13.9
5 SURF-5-2W 84.5 14.4 14.0
6 MX-10 83.3 13.5 13.2
7 ROOT-DIP 84.1 14.3 14.4
8 O. M. 85.0 14.7 14.4
9 CONTROL 82.6 15.5 15.1
10 MX-20 81.4 14.8 14.4

*Refer to table 2

Table 4. Effects of various zinc application methods on contents of nitrogen, phosphorus and

zinc in rice plant

65°C oven dried basis

Straw Rough grain Hulled grain Whole Plant

No, Treatment

% N %P ppmZn % N %P ppmZn % N %P ppm Zn % N %P ppm Zn
1 MX-5* 0.53 0.033 33.0 118 0.145 27.2 1.31 0.184 259 0.8 0.085 27.7
2 MX-5-OM 0.51 0.037 23.2 115 0.142 23.4 1.29 0.185 24.2 0.80 0.085 23.4
3 COMB-5 0.48 0.041 25,9 1.15 0.136 23.3 1.23 0.179 22.3 0.78 0.083 24.8
4 SURF-5 0.49 0.022 33.7 113 0.144 23.6 1.24 0.177 24.8 0.78 0.083 29.3
5 SURF-5-2W 0.50 0.030 36.6 1.10 0.140 241 1.27 0.185 23.6 0.78 0.081 30.8
6 MX-10 0.47 0.030 484 1.12 0.140 33.6 1.24 0.18 31.5 0.76 0.080 41.7
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7 ROOT-DIP  0.45 0.033 40.2 1.11 0.167
8§ OM 0.48 0.030 2L.2 1.01 0.169
9 CONTROL 0.45 0.035 . 22.4 1.05 0.144
10 MX-20 0.52 0.034 550 110 0.164

1978
25.4 121 0.195 269 0.738 0.100 32.8
2.6 1.22 0.205 221 0.74 0.097 21.4
20.6 1.18 0.193 22.6 0.73 0.087 21.6
352 1.27 0.174 43.7 0.78 0.094 46.0

*Refer to table 2

soil treatment,

Table 4 shows the contents of nitrogen, phos-
phorus and zinc in rice plant affected by var-
The content of
nitrogen in straw, hulled rice
and whole plant seemed not to be affected by

ious application methods,
rough grain,
the treatments of zinc. However, the content
of phosphorus in rice plant was reduced by
increasing of zinc fertilizer. The content of
zinc in rice plant was increased along with
increase in zine application. the

zinc content seemed to be decreased by the

Generally,

application of organic matter. In case of comb-
ined urea-zinc fertilizer, organic matter treated,
and the control treatments showed relatively

lower content of zinc but surface treatments of
zinc and root dipped using ZnO suspension
showed as good treatment as zinc mixed throu-
ghout the soil without organic matter applica-
tion.

The effect of various zinc application methods
on absorbed amount of nitrogen, phosphorus
and zinc of rice plant is shown in Table 5.
There were larger differences of absorbed zinc
between 5 kg Zn/ha mixed throughout the soil
with and without organic matter., Also it was
observed in the field that plant growing status of
organic matter treatments showed poor growth
at early stages. Table 6 and 7 show the
yield of rice, total yield of zinc, specific acti-

Table 5. Effects of various zinc application methods on absorbed amount of nitrogen,

phosphorus and zinc in rice plant

65°C oven dried basis

Straw, mg/hill
No, Treatment

Rough grain
mg/hill

Total absorbed

Hulled grain
amount mg/hill

mg/hill

N P Zn N P

Zn N P Zn N P Zn

1 MX-5* 131 82 0811 250 31
2 MX-5-OM 124 9.0 0.563 235 29
3 COMB-5 122 10.4 0.655 237 28
4 SURF-5 117 7.9 0799 217 28
5 SURF-5-2W 117 7.0 0.858 219 28
6 MX-10 120 7.7 L219 230 29
7 ROOT-DIP 99 7.2 0.888 238 36
8 O.M. 107 6.7 0.471 209 35
9 CONTROL 99 7.7 0.491 210 29
10 1.234 207 31

MX-20 117 7.7

0.573 228 32 0449 381 392 134
0.477 213 31 0.409 359 380 1.040
0.478 215 30 0376 359 384 1.133
0.454 193 28 0.386 334 359 1.253
0.483 207 30 038 33 350 1.341
0.682 206 31 0.521 350 36.7 1.901
0.547 213 34 0.471 337 43.2 1.435
0.448 209 3 0.378 316 41.7 0.919
0.412 196 32 0373 309 367 0.906
0.660 197 27 0.688 324 387 1.8%

*Refer to table 2

vity of Zn in the plant, zinc derived from
fertilizer and zinc fertilizer efficiency as affected
by various zinc application methods, There was

not much difference in rough grain yield betw-

L. . .
een zinc levels and different application methods.

The highest rough grain was obtained from the
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Table 6. Yield of straw, rough and hulled grains,

various zinc application methods

and total yield of zinc as affected Ly

65°C oven dries basis

Yield, kg/ha

Total yield of

No. Treatment Straw Rough grain Hulled grain Whole dry matter Zn kg/ka
1 MX-5 3951 3394 2775 7345 0. 2215
2 MX-5-OM 3897 3255 2695 7153 0. 1665
3 COMB-5 4062 3293 2633 7355 0.1814
4 SURF-5 3801 3470 2492 6871 0. 2001
5 SURF-5-2W 3726 3176 2602 6902 0. 2146
6 MX-10 3406 3272 2661 6678 0. 3042
7 ROOT-DIP 3504 2422 2314 6926 0. 2257
8 O.M, 3539 3318 2737 6857 0.1471
9 CONTROL 3535 3193 2655 6733 0. 1445

10 MX-20 3590 3048 2502 6638 0. 3032

*Refer to table 2

Table 7. Total yield of zinc, specific aciivity of ®Zn in the plant, zinc derived from fertilizer,
and zinc fertilizer efficiency as affected by various zinc application methods

No, Treatment Total yield of

Specific activity of
¥Zn in the plant

o
Zndffv, % Zinc fertilize

Zn kg/ha mCi/g Zn Straw Rough grain efficiency %r
1 MX-5* 0.2215 0. 0746 13. 89 14.71 0. 630
2 MX-5-CM 0. 1655 0. 0793 13. 60 16.91 0. 504
3 COMB-5 0.1814 0. 0254 4.74 5.05 0.174
4 SURF-5 0. 2001 0. 0583 10.18 12.31 0.439
5 RURF-5-2W 0.2146 0. 0629 11.73 12.50 0.551
6 MX-10 0. 3042 0. 0853 16.02 16.56 0.4¢4
7 ROOT-DIP 0. 2287 — — - —
8 O.M, 0. 1417 — — — -
9 CONTROL 0. 1445 - - - -
10 MX-20 0. 3032 0. 1{75 17.2) 28.6 0. 360

* Refer to table 2
1) Zndff:Zinc derived from fertilizer

treatment of root dipping in 2 % Zn0O suspensi-
on. Among the 5kg Zn/ha Zn treatments, the
highest total zinc yield was ohserved from the
zinc mixed throughout the soil, but the lowest
yield from the zinc with organic matter was
shown compared with other treatments. Gener-
ally, reviewing of results, organic matter trea-
tments showed less number of tillers and pani-

cles, poor absorption of zinc, and pocr yield

of zinc, The reason might be considered that
organic matter application enhanced the fixation
of zinc by microorganisms, Some micrcorganism
scemed to utilize organic matter as source of
energy and produced organc-zinc complex resu-
liing unavailable zinc compounds. There was
no good zinc yield from the combined urea-
zinc fertilizer treatment, The zinc derived from

the fertilizer in whole plant was the highest at
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5 kg Zn/ha mixed throughout the soil with
organic matter and the lowest at the combined
urea-zine fertilizer treatment. This fact suggests
that more native zinc of the used soil is inact-
ivated by organic matter application so that
fertilizer zinc may be utilized effectively by
rice plant. In case of the combined urea-zinc
fertilizer, fertilizer zinc seemed to be released
slowly as compared with the other treatments.
Referring to the percentage zinc efficiency of
zinc fertilizer, the highest value was obtained
from the treatment of 5 kg Zn/ha mixed thro-
ughout the soil. This fact is well in agree with
the finding of Mordvedt and Giordano®, How-
ever, the lowest zinc fertilizer efficiency was
obtained from the combined urea-zinc fertilizer.
5 kg Zn/ha mixed
the soil showed the highest zinc

Among the zinc levels,
throughout
fertilizer efficiency as compared with 10 kg and
20 kg Zn/ha mixed throughout the soil. It seems
to be quite natural thing that higher rates of
zinc application bring about higher per cent zinc
derived from fertilizer and less fertilizer effici-
ency. Root dipping in 2 % ZnO suspension sho-
wed good total zinc yield as compared with the

J. Korean Nuclear Society, Vol. 10, No. 4, 1978

other treatments.
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