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METHODS OF ZINC APPLICATION AND ITS EFFECT ON YIELD AND ZINC
CONTENT OF RICE (Oryza sativa) AND WHEAT (Triticum vulgare)

V.K.SARASWAT and K.N.BANSAL

ABSTRACT

Maximum yield of rice was obtained with the dipping of the roots of scedling in a ZnO
suspension and that of wheat by the residual effect of 50 kg/ha zinc sulphate applied in the soil to
ricein the field experiments conducted for the comparison of different methods of zinc application.
A significant effect of Zn fertilization was observed on the content and the uptake of zinc in two
crops. The removal of zine by strawwas higher than that by the grain in case of rice, but there was

a teverse trend in wheat.
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With the introduction of high yielding
varieties of cereals and adoption of multiple
cropping in India, the Importance of
micronutrients has been realised. The deficien-
cy of Zinc has been reported in majority of Indian
soils (Takkar and Randhawa, 1978). The zinc
deficiency is considered to be the third most
important nutritional factor after nitrogen and
phosphorus limiting the growth of wetland rice
(Ponnamperuma, 1977). Significant response of
various field crops to zinc application in India
have been reported (Bansal and Patel, 1986;
Takkar et al., 1975; Nambiyar, 1979). The zinc
deficiency is observed more frequently in solls
with high pH, low organic carbon and light tex-
ture. There is very little Information on the
methods of application of zinc under field condi-
tions. This studywas, therefore, undertaken with
a view to determine the direct and the residual
effect of different methods of zinc application on
the yield of rice and wheat grown on an Incep-
tisal.

MATERIALS AND METHODS

Field experiments were conducted on a
sandy clay loam (Inceptisol) soll at the Govern-
ment Agricultural Research Farm, Jora, Morena
during four crop seasons (2 rice crops, Ratna
followed by 2 wheat crops variety Kalyan sona).
Each year new field was selected, The soll char-

acteristics for 1977-78 were pH. 9.4, EC38
mmhos/ecm. CaCOg3 2.5%, exchangeable Na, Ca
and Mg were 6.0, 1.5 & 0.5 me/100 g respective-
ly, DTPA extractable Zn was 0.38 ppm. The ex-
perimental site of 1978-79 exhibited 9.7 pH, E.C.
4.2 mmhos./cm, CaC032.7%, available N, Pand
K 80, 4.2 and 150 ppm respectively. The DTPA
extractable Zn was 0.42 ppm, exchangeable Na,
Ca and Mg were 7.3, 2.0 and 0.7 me/100g
respectively. Commencing with rice during the
wet season of 1977-78, treatments consisted of:

(1)Control (NPK alone).

{2}25 Kg Zinc sulphate per ha applied to soil in
rice followed by wheat (untreated).

(3)50 kg Zinc sulphate per ha applied to soil in
rice followed by wheat (untreated).

(4)Two sprays of Zinc sulphate (0.5%) at 20 and
40 days after transplanting in rice and after
sowing In wheat.

(5) Root dipping of rice seedlings and seed soak-
ing of wheat in 3% ZnO suspensionfor 4 hours
before transplanting and sowing.

Uniform applications of 100 Kg N as Urea,
60 Kg P20s as superphosphate 40 Kg K20 as
muriate of Potash per hectare were giventoeach
crop.

Recommended practices of fertilizer ap-
plication, transplanting and sowing of wheat
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were adopted in 10 x 3 Sq. metre plots, in ran-
domized block deslgnwith 5 replications. Wheat
was sown at 100 Kg seed/ha on December, 1,
1977 and November 25, 1978 and 30 days old
seedlings of rice were transplanted at 3 see-
dlings per hill al a spacing of 15 x 15 cm on July
25, 1977 and August 3, 1978,

Plant samples were collected 35 days after
transplanting of rice and sowing of wheat, grain
and straw samples were collected seperately at
harvest to determine Zinc content and its uptake.
Zinc in the diacid extract was determined by
atomic absorption spectrophotometer, Chemi-
cal analysis of the soll was done by standard
methods (Jackson, 1967).

RESULTS AND DISCUSSION

Yield of rice and wheat:

There was a significant increase in the yield
of both grainand straw by the application of Zinc
as compared to the control during both years.
In case of rice, maximum yields were obtained
with Zinc Oxide root dipped seedlings and this
treatment was significantly superior from the
remaining treatments (Table -1). Application of
50 Kg Zinc Sulphate produced nearly 2 quintals

application, were non significant. The.Increase
In yleld with the application of Zinc may be
ascribed to the deficiency of Zinc in the ex-
perimental field. The critical limit of DTPA extrac-
table Zn according to Boawn (1971) was less
than 0.5 ppm, Rathore et al, (1978) also reported
likewise in alluvial soils of Madhya Pradash,
Higher Yields obtalned In seedling treatments
suggest that the availability of Zn was higher in
this treatment than the others. In Zn applied
(soll) treatments there is a possibility of the for-
mation of sparingly soluble products. Bansal
and Patel (1986), Rathore et al. (1978), Tiwari and
Pathak (1976) also reported increase in rice yield
with the application of Zinc.

Wheat grain and straw yield:

Inorderto find out the residual effect of Zinc
Sulphate and the effect of spray and seed treat-
ment, wheat crop was grown after rice during
both the years. Fifty Kilogram Zinc Sulphate ap-
plied to rice significantly increased the yield of
wheat during both the years of experimentation.
Seed soaking and spray treatments gave sig-
nificant yield during the year 1978-79. Sig-
nificant increase In straw yield was obtained with
the application of 50 Kg Zinc Sulphate/ha, seed
soaking in Zinc Oxide suspension as well as 25

Table 1. Effect of treatments on grain and straw yield (kg/ha) of rice and wheat

Treatments RICE WHEAT
Grain yleld Straw yield Grain yield Straw vield

1977-781978-79  1977-781978-79  1977-781978-79  1977-781978-79
Control 5743 4085 BBBY 7726 4072 3020 7645 5797
NPK+25 Kg 205046006 4980 9308 7439 4254 3676 8052 6957
NPK+50 Kg zn5046240 5020 9413 7865 4425 3929 8952 B267
0.5% Spray 6006 5010 9440 8718 4473 37T 8101 7967
Seed/Seedling
dipping 7001 5215 11081 9322 4121 3666 8313 7265
Sem = 2236 36.51 283.96 18.26 4820 4230 46,55 56.27
C.D.at5% 68.89 11249 87490 5625 14852 13037 143.42 173.38

more rice than spray and 25 Kg Zinc Sulphate
treatments during first year of experimentation
but in second year the difference in yield was
less. The differences due to methods of Zinc

Kg Zinc Sulphate. It appears that application of
Zinc, in soils contalning lessthan 0.45 ppm DTPA
extractable Zinc, Increases wheat yield. The
results further suggest that 50 Kg Zinc Sulphate
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applied to rice may meet out the requirement of
subsequent wheat crop. Significant Increase in
dry matter yleld of wheat In the alluvial soils of
Morena district has also been reported by Nam-
biyar (1979).

Concentration and uptake of Zinc:

Applied Zinc significantly increased the Zn
content and uptake by grain and straw of both
rice and wheat. Total removal of Zn in contral
was of the order of 348.2 and 272.6 gm per ha
during 1977-78 and 1978-79 respectively,
whereas the total uptake by wheat crop was
174.3 and 144.6 g/ha. The highest uptake values
of the order of 670.5 and 588.6 g/ha were
recorded in the treatment dipping rice seedling
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roots during these years respectively. Zinc
removal by rice straw was much more than by
grain and the highest was noted in seedling
treatment followed by 50 kg zinc sulphate ap-
plication, The results clearly suggest a beneficial
effect of dipping rice seedling roots over other
methods of application particularly soil applica-
tion, where the efficiency of Zinc Is very low due
to its conversion to unavailable forms. On the
other hand dipping the seedlings roots places
Zinc right on the roots from where the young
seedling can easily take it up. This improves
remarkably the efficiency of applied Zn. Takkar
et al. (1975) also reported beneficial effect of
seedling dipping in Zinc Oxide suspension.
Katyal and Ponnamperuma (1974) also obtained

Table 2. Effect of different treatments on Zinc content (ppm)

Treatments Rice Wheat
1977-78 1878-79 1977-78 1978-79
Plant Graln Straw  Plant Grain Straw  Plant Grain Straw  Plant  Grain  Straw
40 days 40 days 40 days 40 days

Control (NPK) 151 114 313 17.7 9.55 304 161 272 o7 167 248 8.6
NPK 4 25 kg
Zn504 287 147 397 261 149 474 238 382 144 246 353 184
NPK+ 25 kg
ZnS0y 362 166 448 aril 173 B43 280 425 194 2863 373 183
0.5% Spray 208 17.2 408 288 158 474 202 360 136 221 352 129
Seedfseedling
dipping 39.7 224 462 396 217 514 221 356 155 228 353 140
S.Em = 1.461.649 1.72 .55 179 218 1.78 1.9361.25 1.59 176 093
C.D. at5% 44%.081 529 476 bBs2 E&70 3635 5.9643.85 481 542 285

Table 3. DTPA extractable zinc (ppm) in soll after
the harvest of rice and wheat

Treatments 1977-78 1978-79
Rice Wheat Rice Wheat
Cantrol 031 028 033 027
NPK + 25KoZnS04 151 096 055 088
NPK + 50 Kg ZnS04 162 147 119 102
0.5% Spray D.44 042 038 026
Seed/Seedling dipping 041 050 047 042
S.Em= 0.187 0061 0065 0041
C.D. sl 5% 0578 01856 0201 0127

spectacular results by dipping rice seedling
roots in two to four par cent Zinc Oxide suspen-
slon.

The Zinc concentration in contral (wheat
grain) was 27.2 and 24.8 ppm, which rose t0 42.8
and 37.3 ppm in 50 Kg Zinc Sulphate treated
plots during 1977-78 and 1978-79 respectively.
The uptake by grainand straw increased withthe
application of Zn and the highest values were
noted at the highest level of Zn application. The
uptake by grain and straw In general was sig-
nificantly higher in Zn treated plots. This was
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expected since the Zn uptake Is the result of both
concentration and yield (Takkar and Randhawa,
1978; Khamparla et al., 1984), The total removal
of Zn by rice crop was higher than that of wheat
indicating preferential requirement of rice 10
Zinc. Tiwarl and Pathak (1976) also reported
similar results.

Zinc status of the soil after rice and wheat
crops:

Zinc content of control plot came down to
0.26 and 0.27 ppm from 0.38 and 0.42 ppm
respectively after the harvest of wheat during
1977-78 and 1978-79 (Table 3). There was an
Increase inthe status of Zn by the soll application
of Zinc Sulphate and It remained greaterthan 0.5
ppm (critical limit suggested for alluvial solls)
even after taking second crop. Thus it is evident
that soll application of Zinc besides meeting out
the demand of the crops, leaves sufficlent
resldual Zinc In the soll. Takkar and Randhawa
(1978) reported that the residual effect of Zn
depends on cropping sequence and soll types
and may last even for five years.
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