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Abstract

A field experiment has been carried out to evaluate the residual effect of zinc fertilizers by rice
plant grown under flooded conditions in the field, The results obtained are summarized as
follows:

Residual effect of zinc fertilizers on yields of rough and hulled grains showed slight increases.
Effect of zinc application methods on yields of the grains were shown that zinc mixed treatment
could be more effectively utilized than treatment of zinc on the soil surface, In case of levels of
zinc application, 5kg zinc per hectare represented high yields of the grains than those obtained
from 10kg and 20kg zinc placement per hectare respectively. Regarding the form of zinc
fertilizers, the urea-zinc complex showed less effective on yields of the grains than did the zinc
sulfate, This phenomenon was consistent with the previous result, Yields of total Z%inc in rice
plant grown on the rice straw added soils (Treatment No. 2 and 8) and the urea-zinc complex
treated soil were increased markedly as compared to those data obtained from the previous year,
The percentage of zinc derived from fertilizer decreased largely as compared to that of the first
year crop, The yield of fertilizer zinc in rice plant decreased slightly in the most zinc treatments
but in the case of treatments of zinc mixed with the straw added soil and the urea-zinc complex
increased reversely as compared to the previous results, The mixed application of zinc with soil
showed higher yield of fertilizer zinc than the soil surface’ placement. Approximately from 4.6
to 24.3 per cent of zinc taken up by rice plants were derived from the fertilizer zinc. Zinc ferti-
lizer use efficiency ranged from 0.213 to 0.584 per cent when 5kg zinc per hectare applied.

2 of

42 (KR A% ®Zn £ R ¥ EA okd¥ 29 AF@Y) 1349 THAY AE acka
e 2k,

4R & ohdnas AX@H)E T Agdeh £ WAL bl AN Y HER)S
¢ 2 oled ASANS 2248 2o} T3k} gk okl A¥] £29= & 4% 5kg Zn/ha A
2 A%k 10,20kg Zn/ha A &A1 Hrh Fsteh, olelulE YHEE 4F& wlams] u $ZnSO,
7 Urea-®Zn 432 e} Fstoh, ol 3¢ AL LIdE A9 Asksh 2ok 424 (k&
)9 otd A FEFL 4E Armek(He 29 83 UreaZn $9uE A4TolAE AWE
2t 9 34t £EA % Zndf & AdEe] deid gk 2ok YA FasGS 4+
A9 62 obd FEFL A¥Ee old AT AWE BotE i paAHgod 4AE 4



48 J. Korean Nuclear Society, Vol, 11, No. 1, March, 1979

$EFo] old g ARANGE A9 Urea¥Zn ¥guje ALTo4E AdES & b 284
S gdeh obd AFANY L EFANY nel 2N w2 obd FEFL ggh 42A9 A
td T+l AA A v Bol FALD o} A &L 4.6%—24.3% U5l 5kg Zn/ha FEo

A ®Zn EX] o} w8 o] & FEL 0.213%—0

I. Introduction

Using $5Zn labelled and unlabelled zinc fer-
tilizers field experiment have been conducting
since 1977 to evaluate the efficiency of fertilizer
zinc by rice plant grown on under various
methods of zinc application, In the first year
experiment the efficiency of fertilizer zinc was
different by various treatments of zinc. The
most efficient method in terms of levels of zinc
and method of zinc application was 5kg Zn
per hectare mixed throughout with the soil as
compared to the same amount of zinc applied

on the soil surface,

Among zinc treatments
only organic matter (rice straw) addition, the
urea-zinc combined fertilizer and zinc mixed
application to the straw added soil showed
lower utilization of fertilizer zinc,

The present work was carried out to evaluate
residual effects of zinc fertilizers with relation
to rice yield, yields of total and fertilizer zinc
in rice plant and use efficiency of fertilizer zinc
etc.

II. Materials and methods

The experiment with identical treatments were
established at the same location which the first
experiment carried out.
properties for the experimental site are given in

Some relevant soil

% ot

Table 1. The experiment consisted of ten treat-
ments in a randomized block design and repli-
cated in four times. The treatment involved Zn
rate variables of 5,10 and 20 kg Zn per hectare
had been applied to the soil as mostly ZnSO,-
7H:0. In 5kg Zn/ha treatments the urea-zinc
combined fertilizer was involved. Zinc mixed
throughout, with and without organic matter
added soil, soil surface application and the root-
dipping in 2% ZnO suspension methods were
used applying zinc fertilizers to the soil (Table
2).

A high yielding local rice variety, Suweon
No. 264, was chosen for the field experiment.
The nursery bed was prepared on April 16 by
the routine method. During the nursery period
the seedling was received nitrogen, phosphorus
and potassium fertilizers at the rates of 200kg
N, 150kg P:O0s and 150kg K:O per hectare
respectively. The zinc fertilizer was of course
excluded in whole period of rice plant grown
on the field. To study the residual effects of
applied zinc, the experimental plots maintain
the same conditions as did in the previous work.
The land for planting was prepared by ploug-
hing and levelling on May 22. Basal dressing
of nitrogen (60kg N/ha as urea), phosphorus
(80kg P;0s/ha as triple superphosphate) and
potassium (50 kg K:O/ha as potassium chloride)
fertilizers were applied and incorporated into
the soil by puddling into a depth of about 6 cm

Table 1. Chemical properties of the second year experimental soil

H Exchangeable cations, 0. 005M| 0, IN-
Texture | Total N P m. e, /100g c P |DTPA| HCI
% H,O CaC[z Ca M K . % ppm Zn Zn
. (1:5) 1 (0.01M) 8 ppm | ppm

SiCL 0.20 5.75 5.18 5.83 1.20 0.24 2.4 35.5 5. 80 11. 51
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Table 2. Overall treatments for field experiment

Treﬁtoment Treatments

1 5kg Zn/ha as zinc sulfate mixed throug-
hout the soil (MX-5)

2. 5kg Zn/ha as zinc sulfate plus organic
matter compost mixed throughout the
soil (MX-5-OM)

3. 5kg 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. 5kg Zn/ha as zinc sulfate surface appli-
cation 2 weeks after transplanting
(SURF-5-2W)

6. 10 kg Zn/ha as zinc sulfate mixed throug-
hout the soil (MX-10)

7. Root dipping in 2%
(ROOT-DIP)

8. Orgsxl:/ilc matter compost only (no zinc)

ZnO suspension

9, Control (no zinc) (CONTROL)

10. 20 kg Zn/ha as zinc sulfate mixed throug-
hout the soil (MX-20)

Table 3. Yields of dry matter production,
rough grain, hulled grain and straw
of rice as affected by various met-
hods of zinc application

Dry Rough | Hulled | ¢, .
Treatment* matter | grain | grain

kg/ha | kg/ha | kg/ha | kg/ha
MX-5 8540 4048 3152 4368
MX-5-OM 8496 4120 3208 4208
COMB-5 7668 3792 2952 3728
SURE-5 8044 3664 2844 4216
SURF-5-2W 7460 3832 2980 3472
MX-10 8320 3920 3052 4236
ROOT DIP 8160 3828 2984 4212
OM 472 3884 3020 5468
CONTROL 7336 3460 2692 3624
MX-20 7488 3892 3028 3456
LSD(5%) N.S. 37 443 1022

*Description of treatments are given in Table 2.

at transplanting. Immediately after the fertilizers
application, irrigated up to a water level of 5 cm
above ground on May 28. The rice seedlings
were transplanted on May 29. Three seedling
per hill was planted and planting distance was

Table 4. Hulled grain and rough grain pro-
duction by year as affected by vari-
ous methods of zinc application

Hulled grain Rough grain
Treatment* vield, kg/ha yield, kg/ha

1977 1978 1977 1978
MX-5 2775 3152 3394 4048
MX-5-OM 2695 3208 3256 4120
COMB-5 2688 2952 3293 3792
SURF-5 2492 2844 3070 3664
SURF-5-2W 2602 2980 3176 3832
MX-10 2661 3052 3272 3920
ROOT DIP 2814 2984 3422 3828
OM 2737 3020 3318 3834
CONTROL 2655 2692 3198 3460
MX-20 2502 3028 3048 3892
LSD(5%) N.S. 443 N.S. 347

*Description of treatments are given in Table 2,

25 cmx25 cm (160, 000 hills/ha). On July 20, the
premordial initiation stage, 40 kg N (as urea)
and 30 kg K5O (as KCI) per hectare were applied
on the soil surface of all plots. On June 30,
Machete, Reldan and Bla-S were applied to
prevent weed and to control diseases. On Octo-
ber 9, the plant were harvested and separated
into straw and grain. In case of the radioactive
microplot rice plant were harvested separately
from unlabelled area for analysis of $5Zn. Yields
measurement were made on 65°C oven dried
basis for all the plant harvested from the plots
including radioactive microplot except the border
line, Subsamples of plant materials were finely
ground and subjected to wet digestion by the
use of HNO; and HCIO; for analysis. Radioat-
tive zinc was measured by 400 channels pulse
height analyzer which was equipped with 5
Total
zinc was measured by the Atomic absorption

inches well type scintillation detector,

spectrophotometer,
III, Results and discussion

Application of zinc fertilizers to _the soil



50 J. Korean Nuclear Society, Vol. 11, No. 1, March, 1979

Table 5. Contents of zine, nitrogen and phosphorus in straw, rough grain and hulled grain
as affected by various methods of zinc application

Zn, ppm N, % P, %
Treatment*
Straw l R. grain| H. grain| Straw | R, grain| H, grain| Straw | R, grain| H, grain
MX-5 39.9 24.8 23.9 0.62 126 151 0.143 0.281 0.375
MX-5-OM 1 42.3 22,1 23.0 0.58 1.25 1.49 0.120 0.29 0.371
COMB-5 . 39.3 22.6 22.9 - 0.55 1.22 L4 0.125 0.270 0. 364
SURF-5 4.3 21.9 24.3 0.60 1.24 1.47 0.114 0.290 0. 359
SURF-5-2W  37.1 23.4 23.0 0.56 1.24 1.46 0.135 0.285 0.380
MX-10 39.4 24.5 22.0 0.55 123 141 0.127 0.286 0.378
ROOT DIP 45.3 25.8 20.5 0.57 121 1.43 0.095 0. 296 0. 390
oM 46.8 20.8 20.8 0.57 117 1.43 0.118 0.291 0. 366
CONTROL 43.5 22.8 19.0 0.54 1.18 1.38 0.134 0.299 0. 359
MX-20 49.5 21.0 20.6 0.63 1.25 147 0.123 0.278 0. 362

*Description of treatments are given in Table 2.

Table 6. Amounts of zinc in each plant com-
ponent and yield of total zinc in rice
plants grown on Keumgok soil as
affected by various methods of zinc

application

Rough | Hulled Straw :ﬁz]ldltr)xf
Treatment* gri:x grilgn in the

Zn/ha | Zn/ha Zn/ha %l::/n}:;kg
MX-5 0.1005 0.0752 0.1735 0.2740
MX-5-OM  0.0912 0.0730 0.1783  0.2695
COMB-5 0.0859 0.0676 0.1470  0.2329
SURF-5 0.0798 0.0691 0.1788  (.2586
SURF-5-2W 0.0891 0.0686 0.1303  0.2194
MX-10 0.0960 0.0671 0.1678  0.2638
ROOT DIP 0.0975 0.0619 0.1915  0.2890
oM 0.0804 0.0625 0.2523  0.3327
CONTROL  0,0787 0.0511 0.1593  0.2380
MX-20 0.0819 0.0616 0.1725 0.2544
LSD(5%) N.S. N.S. 0.056 N.S.

*Description of treatments are give in Table 2.

affccted  slight increases on yield of grains
(rough and hulled grains) as shown in Table
3. The increase of yield by zinc application
was significant. However, the previous experim-
ental result showed no significant increase of the
yield (Table 4). Effect of zinc application me-

Table 7. Yield of total zinc in rice plants
grown on Keumgok soil by year as
affected by various methods of zinc
application

Yield of total zinc in rice
plant, kg Zn/ha

Treatment*

1977 1978
MX-5 0.2215 0.2740
MX-5-OM 0. 1665 0. 2695
COMB-5 0.1814 0.2329
SURF-5 0. 2001 0. 2586
SURF-5-2W 0.2146 0.2194
MX-10 0.3042 0. 2638
ROOT DIP 0.2287 0.289%0
oM 0. 1471 0.3327
CONTROL 0. 1445 0. 2380
MX-20 0. 3032 0.2544

*Description of treatments are given in Table 2,

thods on yields of the grains was shown that
when zinc mixed uniformly with the soil the
zinc could be more effectively utilized than that
on the soil surface application or the root-dipped
into 2 per cent of ZnO suspension. In case of
zinc levels, 5kg Zn per hectare treatment showed
higher yields of the grains as compared to 10 kg
and 20 kg Zn per hectare treatments. Regarding
the form of zinc fertilizer the urea-zinc complex
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Table 8. Percentage of zinc derived from fertilizer (Zndf) in rough grain,
and straw of rice plants grown on Keumgok soil by year as affected by various
methods of zinc application

huiled grain

! % Zndff, Rough grain % Zndff, Hulled grain % Zndff, Straw
Treatment*
1977 1978 1977 1978 1977 1978
MX-5 14.71 8.48 17.08 8.23 13.89 10.08
MX-5-OM 16.91 9.18 17.69 8.93 13.60 11.71
COMB-5 5,05 4.19 7.07 3.93 4.74 4.78
SURF-5 12.31 6.86 11.50 5.70 10.18 7.32
SURF-5-2W 12.50 8.73 14.86 8.21 11.73 9.57
MX-10 16.56 14.72 18.00 15.52 16.02 17.15
" ROOT DIP
oM
CONTROL
MX-20 28. 60 19.33 13.24 20.43 17.20 18.66
LSD(1%) 2.78 2.93 4.99

*Description of treatments are given in Table 2,

Table 9. Yields of fertilizer zinc in rough grain and the straw, and total yield of fertilizer

zine in rice plants grown on Keuamgok soil by year as affected by various methods
of zinc application :

Yield of fertilizer zinc in Yield of fertilizer zinc in Total yield of fertilizer zinc

Treatment* rough grain, kg/ha straw, kg/ha in plaht, kg/ha

1977 1978 1977 1978 1977 1978
MX-5 0.0154 0. 0084 0.0181 0. 0175 0. 0335 0. 0259
MX-5-OM 0.0129 0. 0084 0.0123 0.0208 0.0252 0.0292
COMB-5 0. 0034 0. 0036 0. 0049 0. 0070 0. 0083 0. 0106
SURF-5 0. 0094 0. 0055 0. 0130 0.0126 0. 0224 0.0181
SURF-5-2W 0. 0097 0. 0077 0.0159 0.0122 0. 0256 0.0199
MX-10 0. 0190 0.0141 0.0312 0.0285 0. 0502 0. 0426
ROOT DIP
oM
CONTROL
MX-20 0. 0288 0. 0150 0, 0428 0. 0468 0.0716 0. 0618
LSD(5%) 0. 0021 0. 0063

*Description of treatments are given in Table 2,

showed less effective on yields of the grains
than did by the zinc sulfate. The residual effect
of the urea-zinc complex responded to slightly
high on the grain yield as compared to that in
the previous year but the complex still showed
less effective than other treatments.
Concentration of zinc in rice plant showed

slight increase in the plant grown on the plots
which received zinc fertilizers (Table 5). Con-
tents of nitrogen and phosphorus in the plant
were also represented similar tendency (Table
5). Yield of total zine in the plant was incre-
ased by the zinc application but the yield - did

not showed significant difference among zinc
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Table 10. Percentage of fertilizer zinc use
efficiency by rice plants grown on
Keumgok soil by year as affected
by various methods of zinc applica-

tion
Fertilizer zinc use efficiency, %

Treatment*

1977 1978
MX-5 0.630 0.519
MX-5-OM 0.504 0.584
COMB-5 0.174 0.213
SURF-5 0.439 0. 361
SURF-5-2W 0.551 0. 399
MX-10 0.494 0.425
ROOT DIP
oM
CONTROL
MX-20** 0. 360 0. 309
LSD(1%) 0. 146 0. 125

*Description of treatments are given in Table 2,

**Treatment of MX-20 was not involved for sta-
tistical analyses because shortage of the $5ZnSQ,
only one replication received the salt,

treatments (Table 6). Yields of total zinc in
the plants grown on the organic matter added
No. 2 and 8 and the urea-
zinc treatment were increased markedly as com-

soils (Treatment

pared to those data of the previous year (Table
7). The reason might be explained that after
the zinc fertilizer had been applied to the soil
the organic matter is capable of complexing or
chelating with the native and applied zinc and.
that such complexes played an important role as
the plant nutrition. So that the zinc could be
easily absorbed by the plant grown on the
second year, The percentage zinc derived from
fertilizer (Zndff) was in the range of 4.78 to
18.66 per cent (Table 8). The soil surface
application of zinc fertilizer showed lower per-
centage of Zndff as compared to the zinc mixed
throughout soil treatment. When the zinc ferti-
lizer (as ZnSO4-7H:O) applied to the soil at
levels of 10 and 20kg Zn per hectare the per

cent -Zndff values were increased as compared
to level of 5 kg Zn per hectare. Generally spea-
king the per cent Zndff values decreased largely
than those values of the first crop (Table 8).
The urea-zinc complex treatment still showed
the lowest percentage of Zndff. When 5kg Zn
per hectare applied to the soil yields of fertilizer
zinc in the plant were ranged from 0.0106 to
0.0292kg Zn per hectare, These values were
equivalent only 4.6 to 10. 8 per cent to the yield
of total zinc taken up by rice plants, The mixed
application of zinc with soil showed higher
fertilizer zinc yield of the plant as compared to
the soil surface treatment of zinc (Table 9).
The urea-zinc complex treatment also showed the
lowest yield of fertilizer zinc among the zinc
treatments. The effect of residual experiment on
fertilizer zinc yield in the plant decreased in
the most treatments of zinc except treatments
of zinc mixed uniformly with organic matter
added soil and the urea-zinc complex fertilizer
(Table 9). The zinc fixation occured after the
zinc had been applied to the soil®, So that
fertilizer zinc yield in the plant would be decrea~
sed. The Langmuir adsorption isotherm of zinc
using this soil also supported above results. The
Langmuir adsorption maximum of zinc by the
soil showed 3.76m.e. /100 g soil. The value
was equivalents to 40 per cent of the cation
exchange capacity (9.4 m.e. /100g) of the soil.
Utilization efficiency of the zinc fertilizers
were in the range of 0.213 to 0. 584 per cent.
Zinc mixed uniformly with soil treatment showed
more effective than the soil surface application
of zinc, It is known that soil applied zinc is
immobilized and remains where it is placed?.
Jurinak and Thome® also reported that the
most of zinc applied to surface of soil remained
where placed. These informations on the im-
mobility of soil applied zinc have important im-
plications on the placement of zinc fertilizer,
The facts may explain why surface application
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Table 11. Chemical properties of the fresh soil after harvesting of the first residual effect
experiment

Treatment® 0. 00M [0 INHCL | Open p c Total N | NH-N | NOsN

ppm ppm ppm % % pPpm ppm
MX-5 7.2 13.0 43.8 2.30 0.21 2311 2311
MX-5-OM 5.5 12.3 43.0 2.56 0.22 4670 1167
COMB-5 4.1 11.3 41.9 2.49 0.20 4556 1139
SURF-5 4.9 4.7 39.3 2.57 0.21 3435 1145
SURF-5-2W 4.0 11.8 39.0 2.41 0.21 4530 1132
MX-10 8.2 18.4 46.9 2.53 0.22 4609 6914
ROOT DIP 5.5 11.6 59.9 2.55 0.19 4655 1164-
oM 6.4 9.9 60.7 2.60 0.24 4779 3584
CONTROL 5.6 15.6 39.6 2.50 0.21 2345 2345
MX-20 7.9 16.0 30.8 2.29 0.18 3465 2310

*Description of treatments are given in Table 2.

Table 12. Chemical properties of the air dried soil after harvesting of the first
effect experiment

residual

105°C dried basis

0. 005M 0.1

Treatment* DTPA Zn | N-HCI Za Olsen P s D R o
MX-5 3.9 8.8 46.8 2.26 0.19 2285 2285
MX-5-OM 4.3 81 47.0 2.51 0.21 2295 2295
COMB-5 2.4 6.2 41.6 2.4 0.19 2291 2291
SURF-5 3.4 8.8 41.6 2.52 0. 20 1527 2290
SURF-5-2W 3.0 6.4 41.5 2.36 0.19 2290 763
MX-10 3.9 8.2 57.0 2.49 0.20 3286 1524
ROOT DIP 3.4 7.4 51.4 2.50 0.21 1526 1526
oM 3.0 4.6 90.5 2.55 0.23 2289 2289
CONTROL 4.0 8.5 51.2 2.46 0.19 3044 761
MX-20 3.8 10.8 38.6 2.26 0.18 2281 760

*Description of treatments are given in Table 2,

of zinc fertilizer showed lower effect on absorp-
tion of zinc by the plant. The urea-zinc com-
bined fertilizer application also showed the
lowest value of use efficiency of the zinc. In
reviewing the urea-zinc complex treatment, lower
effectiveness in terms of the grain yield, yield
of total zinc in the plant, fertilizer zinc yield
in the plant, percentage of zinc derived from
fertilizer, and fertilizer zinc use efficiency may
be deeply related with zinc form. Viets et al. #,

and Boawn et al. ® reported that zinc uptake

by plants are largely affected by the application
and the form of nitrogen carrier. In case of
10 and 20kg Zn per
hectare applications decrease the efficiency. The
residual effect of zinc fertilizers showed slight
increase of zinc efficiency for the treatments of

zinc mixed with organic matter added soil and

levels of zinc fertilizer,

the urea-zinc complex while the remaining treat-
ments the efficiency was decreased in the second
year of the experiment.

Some characteristics of the soil after harves—
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ting of rice were shown in Table 11 and 12.
The extractable zinc in the soil increased slightly
as compared to data of soil before the previous

experiment,
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