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ABSTRACT

A field experiment was conducted to study the effect of potassium and zinc fertilizer on status and content of
potassium and zinc fractions and their effect on crop yield, nutrient uptake and nutrient availability in the soil.
Significant increase in grain yield, straw yield, K uptake, and different K fractions in the soil (exchangeable K, water
soluble K, Morgan’s extractable K, lattice K and total K in the soil) were recorded with increase in K levels from 0 to
60 kg K/ha. Zinc fertilization in wheat also significantly increased crop yield and Zn uptake but interaction between
K and Zn was not found to be significant in respect of yield, uptake, and various K and Zn fractions. Water-soluble K
showed significant and positive correlation with exchangeable K (r= 0.928), Morgan’s extractable K (r= 0.983) and
lattice K (r= 0.969), indicating rapid equilibrium establishment between these forms. Step wise regression analysis
using different pools of K revealed the importance of water soluble K and lattice K influencing crop yield, K uptake
by wheat. Similarly, application of 9 kg Zn/ha increased the Zn fractions present in soil and correlation data indicated
that these fractions are in a state of dynamic equilibrium with each other. In the present study, DTPA-Zn accounted
for 65% and 70% of the variation in grain yield and Zn uptake by wheat, indicating that DTPA-Zn was efficient in
providing Zn nutrition to wheat.
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With application of chemical fertilizers in developing
management practices, it is imperative to understand the
nutrient transformations that can lead to more efficient use
of fertilizers. Potassium (K), the third major and most
dynamic nutrient with diverse roles to play in plant
metabolism, is required in large amount by crops. Already
a fall in productivity in the absence of K treatment has been
proven from long-term experiment (Swarup et al. 1998). It
interacts with different nutrients to affect crop yield and
quality and the interaction may be in the soil or in the plant.
It exists in soil in different forms in a state of quasi
equilibrium with each other and availability in different
forms depends upon the soil moisture content, temperature,
concentration of bivalent cations in solution and the various
intrinsic and extrinsic properties such as mineralogy, texture,
CEC, clay content, organic matter etc. A large portion of the
total K in soil is unavailable to plants as it occurs as
structural component of soil minerals. Plants can use only
the exchangeable K found on the surface of soil particles
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and the K dissolved in soil water and this often constitutes
the small fraction of total soil K. The dynamics of K in soils
depends on the magnitude of equilibrium among various
forms and thus, knowledge on distribution of K fractions in
soil proves to be the best approach in understanding and
manipulation of the applied K fertilizers.

The normal yield of crops could not be achieved despite
judicious use of NPK fertilizers due to deficiency of
micronutrients in general and that of zinc (Zn) in particular.
Zn is an essential micronutrient but available Zn is very low
in Indian soils and it has emerged as one of the major
constraints to crop productivity. Overall, Zn deficiency in
India has increased from 42-49% in past four decades and
it is expected to increase up to 63% by 2025 (Singh 2009).
One third of the world population is reported at the risk of
Zn malnutrition due to inadequate dietary intake of Zn
(Chamak 2009). Zn is known to occur in soil in a number
of discrete chemical forms differing in their solubility and
thus availability to plants. Among various Zn fractions in
soil, water soluble, exchangeable and adsorbed pools are
believed to be in reverse equilibrium with one another, with
equilibrium being established quickly. The availability of
applied Zn to plants is largely influenced by the amount and
rate of their transformations in soils. Amount of nutrients
added, reaction time in soil, rate of extraction by roots,
nature and amount of clay minerals, organic matter content
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are the governing factors affecting the extent and nature of
these transformations. Plants absorb Zn from soil solution
which is replenished by various Zn fractions. Therefore,
suitable appraisal of different K and Zn forms, their
relationships and uptake is imperative for sustainable crop
productivity on a long term basis. Hence, the present
investigation was carried out to study the effect of K and Zn
fertilization on K and Zn fractions in Typic Ustipsamment
soil of Jaipur, Rajasthan.

MATERIALS AND METHODS

Field experiment was carried out during rabi seasons
of 2007-08 and 2008-09 at the experimental farm (26°5’ N
latitude, 75°28’ E longitude), SKN College of Agriculture,
Jobner, located at an altitude of 427 meters above mean sea
level in Jaipur district of Rajasthan, representing Western
arid zone of India. The experimental site is characterized by
sub-tropical climate, with extreme temperature during
summer (30° to 46 °C) and winter (as low as —3 °C) and low
rainfall (400-500 mm and most of which is received in
rainy season from July to September). The soil of the
experimental field was loamy sand, alkaline in reaction pH
(1:2.5) 8.2, EC 0.17 dS/m, low in organic carbon 0.2%, low
in available N 132 kg/ha, medium in available P 18.2 kg/ha
and available K 144 kg/ha and DTPA zinc 4.2 mg/kg at the
commencement of the experiment (rabi 2007-08). Wheat
(variety Raj 3077) was planted on 27 and 26 November and
harvested on 20 and 18 April in first year (2007-08) and
second year (2008-09) of experimentation, respectively.
Potassium @ 0, 20, 40 and 60 kg K/haand Zn @ 0, 3, 6 and
9 kg Zn/ ha was applied through muriate of potash and zinc
sulphate, respectively, in all possible combinations. A basal
application of 60 kg N and 50 kg P,O5 was made through
urea and DAP. The treatments were replicated four times.
The crop at maturity was harvested and seed and straw
yield were recorded.

The whole plants were separated into roots and shoots,
washed thoroughly in succession with tap water, 0.01 N
HCI and deionized water. Plant samples were air dried,
oven dried at 65°C, ground in a Willey mill having stainless
steel blades to pass through 40 mm mesh sieve, and digested
in a diacid mixture of HNO;- HCIO, (4:1) for analysis of K
and Zn. Nutrient uptake in grain and straw were calculated
by determining nutrient concentration in relation to dry
matter production, i e the nutrient uptake was worked out
by multiplying the yield with nutrient content and dividing
by 100.

After the harvest of the crop, soil samples were
collected, air-dried, processed and analysed for available K
(Pratt 1982) and DTPA-Zn (Lindsay and Norvell 1978).
Water soluble potassium was extracted by shaking the soils
with water in 1:5 (soil: water) ratio for five minutes.
Exchangeable potassium was obtained by subtracting the
water soluble potassium from available potassium. Morgan’s
extractable potassium was extracted by shaking the soils
with Morgan’s extract. Total potassium in soil was analysed
by digesting the soil samples with a HF-HCIO, mixture
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using platinum crucibles and lattice K was extracted with
boiling HCI in the ratio of 1:20 following the procedure
outlined by Jackson (1956).

Different zinc pools, viz. water soluble plus
exchangeable (WSEX-), adsorbed Zn (Ads Zn), zinc
associated with organic matter (Oc-Zn), occluded Zn and
Zn bound by carbonates and other acid soluble minerals
(Occ-Zn) were estimated in a sequential fractionation
procedure proposed by Iyengar and Deb (1977) and Chandi
and Takkar (1982) (Fig 1). Extraction with various reagents,
prepared in all double distilled water using 1:4 soil: solution
ratio was carried out by shaking on a rotary shaker for 2, 4,
2 and 1 hours respectively. For zinc associated with organic
matter (OC-Zn) fraction, the soil residue was allowed to
react with 5 ml of 30 % H,0, and placed on a hot water bath
over night and the contents in the tube were maintained at
75°C + 2°C. Soil suspension at different stages was
centrifuged at 2500 rpm, filtered and the filtrate from each
stage was used for the determination of Zn fractions, but
the soil residue was used for the next step. The concentration
of zinc in the extracts was estimated using AAS. Total zinc
in soil was estimated on AAS by digesting the soil samples
with a mixture of HF and HCIO,. Residual mineral fraction
(Res-Zn) was obtained by deducting all the fractions of
zinc from the total zinc in soil.

Statistical analyses were performed using analysis of
variance (ANOVA) for randomized block design as per
Gomez and Gomez (1984). For treatment comparisons in
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NH,OAc (1 N pH 7.0) Supernatant solution | Water soluble +
(20 ml) " | Exchangeable Zn
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Fig 1 Flow sheet for sequential extraction of different Zn fraction
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the field experiments, the ‘F-test’ was used. Correlation and
step wise regression were carried out using SPSS software
package.

RESULTS AND DISCUSSION

Yield

The grain and straw yields of wheat were significantly
influenced with K and Zn fertilization (Table 1). The
application of 40 kg K/ha, being at par with 60 kg K/ha
recorded the highest grain yield (3.08 tonnes/ha) and straw
yield (4.61 tonnes/ha) of wheat. The application 20, 40 and
60 kg K/ha registered the 18, 28 and 33% increase in grain
yield and 13, 22 and 27% increase in straw yield, respectively
over control. The increased yield with K fertilization might
be due to increased availability, absorption and translocation
of K nutrient. As the K is essential for grain development,
the favourable effect of high doses of K on growth and
yield attributes was mainly responsible for higher grain and
straw yields. Significant effect of K application in sesame,
mustard, groundnut and wheat were reported by Yadav et
al. (2012).

With successive increase in Zn levels grain yield (3.06
tonnes/ha) and straw yield (4.60 tonnes/ha) of wheat
increased significantly up to 6 kg Zn/ha and further increase
in Zn levels had no significant effect. The application of 3,
6 and 9 kg Zn/ha registered the 13, 24 and 30% increase in
grain yield and 11, 21 and 26 % increase in straw yield,
respectively over control. This may be attributed to the fact
that Zn is main yield limiting plant nutrient in Zn deficient
soils of Rajasthan. Zn is reported to enhance the absorption

Table 1 Effect of K and Zn fertilization on yield and nutrient

uptake of wheat (pooled data of two years)

Treatment Yield (t/ha) K uptake (kg/ha)

Grain Straw Grain Straw Total Grain Straw Total

Zn uptake (g/ha)

K levels (kg/ha)

K, 241 377 134 509 643 54.0 625 116.5
Ky 2.84 427 169 60.7 7777 663 741 1404
Ky 3.08 4.61 193 683 876 744 83.6 158.0
Ko 320 480 20.7 733 940 795 89.2 168.7

SEm+ 0.06 0.09 048 145 1.67 172 1.82 290

CD 0.18 025 14 4.1 48 49 52 83
(P=0.05)

Zn levels (kg/ha)

Zn, 247 381 137 51.1 648 529 612 114.0

Zn; 280 424 168 60.7 775 649 733 1382

Zng 306 460 192 688 88.1 752 843 159.6

Zn, 321 481 206 726 93.1 812 90.6 171.9
SEm+ 0.06 0.09 048 145 1.67 172 1.82 290
CD 0.18 025 14 41 48 49 52 83
(P=0.05)

CV (%) 88 80 11.0 92 83 100 94 79
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of native as well as added major nutrients such as N and P,
thereby improved overall growth and development of plants
and ultimately the grain and straw yield. These findings of
present investigation are supported by Varshney ez al. (2008).

K and Zn uptake

The K and Zn uptake in grain and straw of wheat were
significantly increased with K and Zn fertilization (Table 1).
The significantly highest K uptake in wheat grain (20.7 kg/
ha), straw (73.3 kg/ha) and total uptake (94.0 kg/ha) was
recorded under 60 kg K/ha. The application of 60 kg K/ha
registered 54, 44 and 46 % increase in K uptake in grain,
straw and total uptake, respectively over control. The
increased K uptake by wheat due to K fertilization might be
due to combined effect of increased dry matter yield and
higher K concentration in grain and straw (Abedin et al.
1998). The better nutritional environment helped the plant
to absorb more K from soil consequently leading to higher
photosynthates and their translocation to different plant
parts would have enhanced the K content in both seed and
straw. Similar results were observed in wheat by Yadav et
al. (2012).

Similary, the highest Zn uptake in wheat grain (81.2 g/
ha), straw (90.6 g/ha) and total uptake (171.8 g/ha) was
recorded under 9 kg Zn/ha and it registered 54, 48 and 51%
increase in Zn uptake in grain, straw and total uptake,
respectively over control. The beneficial role of Zn in
increasing CEC of roots helped in increasing absorption of
nutrients from the soil. Further, the favourable effect of Zn
on photosynthesis and metabolic process augmented the
production of photosynthates and their translocation to
different plant parts including seed which ultimately
increased the Zn concentration in seed and straw. Similar
results were also reported in wheat by Jain (2004).

Soil K fractions

The interaction between K and Zn fertilizer application
was not found to be significant in any respect of any form
of K; hence only individual effects of these inputs on
different K fractions are given in Table 2. In general, the
total K content in soil ranged from 0.17 to 0.19%. The
content of total K increased significantly with increase in K
application rate up to 40 kg K/ha. Among all the forms of
K, water soluble K was the least dominant form, indicating
almost negligible contribution to the total K of soil. The
water soluble K content in soil varied from 3.71-4.28 mg/
kg and 3.95-4.07 mg/kg with different levels of K and Zn,
respectively. The low concentration of water soluble K
might be attributed to the fact that the K in the soil solution
is more easily utilized by the crop (Sparks 1980). Due to
application of higher amount of K, the highest water soluble
K (4.28 mg/kg) was recorded under 60 kg K/ha. Water
soluble and exchangeable K are considered to be readily
available to plants and these forms of K are in equilibrium
with the non-exchangeable and mineral K. When the solution
and exchangeable K are depleted by plant removal or
leaching the former are replenished by non-exchangeable
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Table 2 Effect of K and Zn fertilization on K transformation in
soil (pooled data of two years)

EFFECT OF K AND ZN ON CROP YIELD 835

Table 3 Simple correlation coefficients (r) among various
fractions of soil K

Treatment Total K Water Ex- Morgan’s Lattice
(%) soluble change- extract- K
K able K able K
mg/kg soil
K levels (kg/ha)
K, 0.17 3.71 48.5 87.8 478.4
K 5 0.18 3.97 534 92.8 519.2
K 4 0.19 4.14 56.7 96.6 547.6
K ¢ 0.19 4.28 59.3 99.7 565.7
SEm=+ 0.002  0.045 0.65 1.09 5.98
CD (P=0.05) 0.01 0.13 1.8 3.1 17.0
Zn levels (kg/ha)
Zn 0.18 3.95 53.5 92.7 517.4
Zn 5 0.18 4.01 54.4 94.1 526.4
Zn 4 0.19 4.05 54.8 94.9 532.4
Zn 0.19 4.07 55.0 95.3 534.7
SEmz+ 0.002  0.045 0.65 1.09 5.98
CD (P=0.05) NS NS NS NS NS
CV (%) 43 4.5 4.8 4.6 4.5

K. Some non-exchangeable K held in the inter layers of
expandable 2:1 type clay minerals such as illite and
vermiculite can be released easily to provide a substantial
portion of the K removed by the crop. The exchangeable K
varied from 48.5 to 59.3 mg/kg and 60 kg K/ha recorded the
maximum exchangeable K (59.3 mg/kg) followed by 40 K/
ha (56.7 mg/kg) and 20 kg K/ha (53.4 mg/kg). This variation
in exchangeable K content among different K levels is due
to variation in labile pool of K. Maximum Morgan’s
extractable K (99.7 mg/kg) was also recorded in 60 kg K/
ha, while the minimum (87.8 mg/kg) was in control. The
content of lattice K with different K levels varied from
478.4 -565.7 mg/kg and the contribution of this form to
total K was maximum compared to other fractions. This
showed that with passage of time, a part of water-soluble
and exchangeable K was converted to non-exchangeable
forms, besides their utilization by growing plants. However,
increase in Zn levels had no significant effect on total K and
any K fraction over control.

Interdependence among various K fractions and
relationship with yield and K uptake

The values of various K fractions were correlated to
identify their interdependence (Table 3). Total K had positive
and significant correlation with all the fractions of K. Water-
soluble K showed significant and positive correlation with
exchangeable K (r= 0.928), Morgan’s extractable K (r=
0.983) and lattice K (r= 0.969), indicating rapid equilibrium
establishment between various forms.

Data (Table 4) reveals that water-soluble K had highest
significant relationship with grain yield (r = 0.747), K
uptake by grain (r = 0.773) whereas the lattice K showed
highest significant relationship with straw yield (r = 0.749),

Variables Total Water Ex- Morgan’s Lattice
K soluble change- extract- K
K able K able K
Total K 1.00  0.882*%* (.825*%* (.865%* (.924%*%*
Water soluble K 1.00  0.928** 0.969** (.983%*%*
Exchangeable K 1.00  0.909** (.933**
Morgan’s 1.00  0.953%*

extractable K

** Significant at 1% probability level

Table 4 Simple correlation coefficient (r ) between different soil
K fractions and yield and K uptake by wheat

Soil K fractions Grain Straw K uptake K uptake
yield yield grain straw
Total K 0.698**  0.707**  0.715%*  (.722%%*
Water soluble K 0.747**  0.719%*%  0.773**%  0.747**
Exchangeable K 0.683**  0.675**  0.736**  0.717**
Morgan’s extract- 0.714**  0.688**  (0.749**  (0.716%*
able K
Lattice K 0.743%*  0.749%*  0.771%*  0.773%%*

*#* Significant at 1% probability level

K uptake by straw (r = 0.773). Thus, crop yield and K
uptake were significantly influenced by the K fractions
however, water soluble K and lattice K were the dominant
K fractions contributing K nutrition to wheat.
Contribution of various K fractions to the grain yield
and total (grain+straw) K uptake of wheat through step
down regressions (Table 5) indicated that water-soluble K
was the most important fraction contributing to K nutrition
of wheat, because it yielded the highest and most significant

Table 5 Step wise regression data for the relationship between
plant growth parameters ‘Y’ and soil K fractions

Step Variable on which ‘Y’ is regressed R2
No.

Wheat grain yield

1.  Exchangeable K, water soluble K, Morgan’s 0.580%*
extractable K and lattice K

2. Water soluble K, Morgan’s extractable K and 0.576%*
lattice K

3. Water soluble K, Morgan’s extractable K 0.570%*

4. Water soluble K 0.558%*%*

K-uptake by wheat

1. Exchangeable K, water soluble K, Morgan’s 0.630%*
extractable K and lattice K

2. Water soluble K, Morgan’s extractable K and 0.630%*
lattice K

3. Morgan’s extractable K and lattice K 0.627**
Lattice K 0.625%%*

** Significant at 1% probability level
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correlation with crop yield. From the K nutrition point of
view, another important K fraction was lattice K. The R?
value indicates that about 62% of the total variation in total
K uptake by wheat was contributed by lattice K alone. The
availability of soil K to the plant may be a function of the
soluble and amounts of all or of certain forms of K present
in soil. In the present study, in comparison to other fractions
of soil, water-soluble K and lattice K was observed to be
very efficient in providing K nutrition to wheat, which may
explain as to why these two K fractions had higher coefficient
of correlation with yield and K uptake. The higher coefficient
of correlation between water-soluble K and yield; lattice K
and K uptake is understandable as K is absorbed by plant
roots only in water-soluble K form and easy replenishment
of available form of K, upon depletion from lattice K,
indicating its prominent contribution to available K pool.

Soil Zn fractions

Data of Zn fractions analysis indicate that K levels did
not influence significantly the proportion of Zn fraction,
however, different Zn fractions, except, Occ-Zn were
significantly influenced by different Zn levels (Table 6).
With increase in Zn application the amount of the total Zn
in the soil was increased significantly and it was ranged
from 66.7 to 76.9 mg/kg. Due to higher application of Zn
fertilizer Zn @ 9 kg/ ha recorded highest total Zn content
(76.9 mg/kg) in soils. In addition to this, possibly higher
solubility, diffusion and mobility of the applied inorganic
Zn fertilizer might be the reason leading to increased Zn
status of soil.

Residual Zn was the most dominant fraction, followed
by organically bound Zn, occluded Zn, adsorbed Zn, DTPA
Zn while water soluble plus exchangeable Zn was the least
dominant fraction. The increased residual Zn in the Zn
applied soils was due to the conversion of some amount of
labile Zn into non-labile forms. This fraction is mainly
associated with minerals. Deb (1997) reported that under
upland condition, bulk of the fertilizer Zn accumulates in
Occ-Zn and Res-Zn fractions and accumulation in water
soluble and exchangeable fractions is found negligible.
Similar results were also obtained by Singh et al. (1999).
The lowest content of residual Zn was recorded under
control treatment (26.9 mg/kg) because cropping without
addition of Zn caused removal of Zn through uptake by
crop.

The organically bound Zn fraction has been found to
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Table 6 Effect of K and Zn fertilization on transformation of Zn
in soil

Total WSEX-DTPA- Ads OC- OCC- Res-
Zn Zn Zn Zn Zn Zn Zn

mg/kg soil

Treatment

K levels (kg/ha)

K, 712 0246 0426 4.50 24.1 13.6 28.8
Ky 72.2 0251 0434 458 245 137 292
Ky 729 0254 0438 4.63 248 138 294
Kso 73.3 0255 0441 4.66 249 138 29.6
SEmz+ 0.78 0.0027 0.0052 0.054 0.29 0.16 0.34
CD NS NS NS NS NS NS NS
(P=0.05)

Zn levels (kg/ha)

Zn, 66.7 0.187 0.345 394 222 135 269
Zn, 713 0241 0427 449 241 137 287
Zng 74.7 0274 0470 4.88 256 13.8 30.1
Zn, 77.0 0301 0495 5.04 264 139 313
SEmz+ 0.78 0.0027 0.0052 0.054 0.29 0.16 0.34
CD 22 0.008 0.015 0.15 08 NS 1.0
(P=0.05)

CV (%) 43 42 48 47 48 46 47

Water soluble plus exchangeable (WSEX-); adsorbed Zn (Ads
Zn); zinc associated with organic matter (OC-Zn); occluded Zn
and Zn bound by carbonates and other acid soluble minerals (Occ-
Zn); residual Zn (Res-Zn)

be lower than residual form but higher than water soluble
plus exchangeable and Occ-Zn in soil. There was a
significant difference between the Zn levels with respect to
organically bound Zn fraction. The application of Zn @ 9
kg/ha recorded highest organically bound Zn fraction in the
soil (26.4 mg/kg). This might be because of higher plant
biomass production and root development in soil.

The effect of application of Zn on occluded Zn content
in soils was found to be non-significant, but the increasing
trend was observed due to increasing levels of Zn
fertilization. Adsorbed Zn was found significantly enhanced
with Zn application over no application. The maximum
content of adsorbed Zn was recorded at 9 kg Zn/ha and it
got depleted in treatments not receiving Zn application.
Depletion of adsorbed Zn might be due to continuous uptake
of Zn by crops without supplementation through external
sources.

Table 7 Correlation coefficients (r) among various fractions of soil Zn

Zn fractions Total Zn WSEX—Zn DTPA-Zn Ads-Zn Occ-Zn OC-Zn Res-Zn
Total Zn 1.00 0.941%* 0.955%* 0.957%** 0.866%** 0.999%*%* 0.992%%*
WSEX—Zn 1.00 0.987%*%* 0.977%* 0.806%** 0.946%** 0.907%**
DTPA-Zn 1.00 0.985%%* 0.829%** 0.961%** 0.922%%*
Ads-Zn 1.00 0.846%** 0.965%** 0.917%*
Occ- Zn 1.00 0.860%** 0.831%%*
OC- Zn 1.00 0.988%**

** Significant at 1% probability level
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Table 8 Step wise regression data for the relationship between
plant growth parameters ‘Y’ and soil Zn fractions

Step Variable on which ‘Y’ is regressed R2
No.

Wheat grain yield

1.  WSEX- -Zn, Ads-Zn, Occ-Zn, OC-Zn, Res-Zn, 0.841%*
DTPA-Zn
2. Ads-Zn, Occ-Zn, OC-Zn, Res-Zn, DTPA-Zn 0.828%*
3. Occ-Zn, OC-Zn, Res-Zn, DTPA-Zn 0.826%*
4.  OC-Zn, Res-Zn, DTPA-Zn 0.783%*
5. Res-Zn, DTPA-Zn 0.775%*
6. DTPA-Zn 0.652%%*
Zn-uptake by wheat
1.  WSEX- -Zn, Ads-Zn, Occ-Zn, OC-Zn, Res-Zn, 0.844%*
DTPA-Zn
2. Ads-Zn, Occ-Zn, OC-Zn, Res-Zn, DTPA-Zn 0.834%3*
3. Occ-Zn, OC-Zn, Res-Zn, DTPA-Zn 0.8327%:*
4.  OC-Zn, Res-Zn, DTPA-Zn 0.799%3*
5. Res-Zn, DTPA-Zn 0.784%*
6. DTPA-Zn 0.702%%*

** Significant at 1% probability level

Interdependence among Zn fractions and relationship with
grain yield and total Zn uptake by wheat

The values of various Zn fractions were correlated and
found that total Zn had positive and significant correlation
with all the Zn fractions (Table 7), suggesting the existence
of dynamic equilibrium among the different forms of Zn.
Similar results had also been reported earlier by Singh
(2004) and Choudhary and Raina (2008). From the values
of coefficients of correlation, it is quite evident that almost
all the Zn fractions are dependent upon each other. A positive
correlation of WSEX-Zn of soil with Ads-Zn (r = 0.977%%),
Occ-Zn (r = 0.806%*), Oc-Zn (r = 0.946**), Res-Zn (r
=0.907**), DTPA-Zn (r = 0.987**) and total-Zn (r =
0.941*%*) indicates the influence of these fractions on
availability of soil Zn to plants as also reported by Jakhar
(2006). The Ads-Zn was found to be positively correlated
with Occ-Zn (r = 0.846%*), Oc-Zn (r = 0.965*%*), Res-Zn (r
=0.917**), DTPA-Zn (r = 0.985%*) and total-Zn (r =
0.957*%). These findings are in line with those of Singh
(2004). Occ-Zn was found to be positively correlated with
Oc-Zn (r = 0.860**), Res-Zn (r =0.831%*), DTPA -Zn (r =
0.829**) and Total-Zn (r = 0.866*%*). Oc-Zn was found to
be positively correlated with Res-Zn (r =0.988**), DTPA-
Zn (r = 0.961*%*) and total-Zn (r = 0.999%%*). Similar
observations were made by Sarkar and Deb (1982). Res-Zn
was found to be positively correlated with DTPA-Zn (r =
0.922%*) and total-Zn (r = 0.992*%*), DTPA-Zn was found
to be positively correlated with total-Zn (r = 0.955%%).

To assess the relative contribution of various Zn
fractions to grain yield and total Zn uptake by wheat,
stepwise regression equations were computed (Table 8).
Perusal of data indicates that DTPA-Zn was the most
important Zn fraction contributing to Zn nutrition of wheat.
In the present study, DTPA-Zn accounted for 65% and 70%
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of the variation in grain yield and Zn uptake by wheat,
respectively. Whereas, the inclusion of other fractions of
Zn did not affect the regression significantly, indicating
that DTPA-Zn had significant role in Zn nutrition of wheat.

The result of the study indicated that in coarse textured
soil medium in K and deficient in Zn, application of K and
Zn is required to maintain optimum crop yields with
concomitant increase in their uptake in wheat crop. Step
wise regression analysis revealed the importance of water
soluble K and lattice K influencing crop yield, and uptake
of K by wheat. Correlation data indicated that different
fractions of soil Zn are in dynamic equilibrium with each
other and DTPA-Zn fraction accounted for most variations
in Zn nutrition of wheat. Better yield and nutrient uptake
response of wheat at higher levels of fertilization confirmed
the need for proper nutrient management in arid and semi
arid regions.

REFERENCES

Abedin M J, Saleque M A, Panullah G M and Mazid M A. 1998.
Evaluation of two concepts of fertilization for wheat in a
calcareous soil of Bangladesh. Journal of Plant Nutrition 21
(9): 1843-54.

Chamak 1. 2009. Enrichment of fertilizers with zinc: An excellent
investment for humanity and crop production in India. Journal
of Trace Elements & Medical Biology 23: 281-9.

Chandi K S and Takkar P N 1982. Effect of agricultural cropping
system on micronutrient transformation in Zinc. Plant Science
69: 423-36.

Choudhary S K and Raina J N. 2008. Zinc transformation and its
critical limits in apple orchards of Himachal Pradesh. Journal
of the Indian Society of Soil Science 56 (4): 430-5.

Gomez A K and Gomez A A. 1984. Statistical Procedure for
Agriculture Research, 2" Edn. John Willey and Sons Inc, New
York.

Iyengar B R V and Deb D L. 1977. Distribution of soil zinc
fraction to plant uptake and fate of zinc applied to soil. Journal
of the Indian Society of Soil Science 25: 426-32.

Jackson M L. 1956. Soil Chemical Analysis. Prentice Hall of India
Private Limited, New Delhi.

Jain N K. 2004. ‘Studies on phosphorus and zinc fertilization in
wheat (Triticum aestivum L. emend. Fiori and Paol] and their
residual effect of pearlmillet [Pennisetum glaucum (L.) R.Br.
emend. Stuntz.]’. Ph D Thesis, Rajasthan Agricultural
University, Bikaner.

Lindsay W L and Norvell W A. 1978. Development of DTPA soil
test for zinc, iron, manganese and copper. Soil Science Society
of America Journal 42: 421-8.

Pratt P F. 1982. Potassium. (In) Methods of Soil Analysis. Part II.
Chemical and Microbiological Properties, pp 225-46. Page A
L, Miller R H and Keeney D R (Eds). American Society of
Agronomy, Soil Science Society of America, Madison,
Wisconsin, USA.

Singh A K, Khan S K and Mongkynrih. 1999. Transformation of
zinc in wet/ and rice soils in relation to nutrition of rice crop.
Journal of the Indian Society of Soil Science 47: 248-53.

Singh M. 2004. ‘Response of wheat (Triticum aestivum L.) zinc
and organic materials under irrigation with high RSC water.’
Ph D Thesis, Rajasthan Agricultural University, Bikaner.

Singh M V. 2009. Micronutrient nutritional problems in soils of
India and Improvement for human and animal health. Indian



838 JAT ET AL. [Indian Journal of Agricultural Sciences 84 (7)

Journal of Fertilizer 5 (4): 11-26. Varshney P Singh S K and Srivastava P C. 2008. Frequency and

Sparks D L. 1980. Chemistry of soil potassium in Atlantic. rates of zinc application under hybrids rice-wheat sequence in
Communication in Soil Science and Plant Analysis 11(5): 435— a Mollisol of Uttrakhand. Journal of the Indian Society of Soil
49. Science 56 (1): 92-8.

Swarup A, Reddy D and Prasad R N. 1998. (In) Proceeding of Yadav S S, Tikkoo A and Singh J P. 2012. Effect of potassium
National Workshop on Long-term Soil Fertility Management fertilization on pearl-millet cropping system in coarse textured
through Integrated Plant Nutrient Supply, held at Indian Institute soils of southern Haryana. Journal of the Indian Society of Soil
of Soil Science, Bhopal, Madhya Pradesh, pp 155-9. Science 60 (2): 145-9.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


