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Micronutrient deficiency is major constraints in crop production as well as crop quality. The deficiency of micronutrients
in soils leads to lower micronutrient content in edible plant parts and thereby causing a health problem in animal
and human beings. Level of micronutrients in soils is determined by geologic substrate and subsequent geochemical
and pedogenic processes. However, their availability depends on soil pH, organic carbon content and absorptive
surface like CaCO, and clay content and other physical, chemical and biological conditions of the rhizosphere. The
analysis of 5673 soil samples collected across the Haryana state showed a wide variability in status of available
micronutrient deficiency in soils. The current status of Zn, Fe, Mn, Cu and B varied from 1.11 to 36.5, 0.0-55.0, 0.0-
48.6, 0.0-13.0 and 0.0-13.7%, respectively with an average deficiency of 15.3, 21.6, 6.1 5.2 and 3.3 %. Compared to
micronutrient deficiency estimated in previous years, Zn deficiency has declined due to regular use of zinc sulphate
however, deficiency of Fe and Mn has increased significantly. Areas with multiple micronutrient deficiency is limited,
thus standard fertilisers are sufficient to mitigate specific micronutrient deficiencies in specific areas. Depending
upon the crop, status of micronutrient deficiencies and their supplementation, positive response by almost all the
crops to external application corroborated with the micronutrients deficiency status in soils. The strong linkage
between soil and plant micronutrients with animal and human health was evident from the studies conducted.
However, in order to address micronutrient deficiency in animal and human being, new strategies responsible for
higher loading of micronutrients in crop need to be developed.

INTRODUCTION

Haryana, one of the
agriculturally important states of
India contributes about 7% to the
national food grain production

with only about 1.33% of
geographical area. Multiple
cropping with two or more

cereals or four to five vegetable
crops are being cultivated, if
moisture is not a limiting factor
(13). Soils of Haryana are one the
most important arable soil types
in North India, improving their
productivity is considered to be an
effective means of ensuring
national food security. Besides
soils being deficient in primary
nutrients, crops grown in most
soils suffer from deficiencies of
one or more micronutrients, even
though the soils often contain
apparently adequate total
amounts of the micronutrients.

The status of any nutrient in soils
indicates its nutrient supplying
capability to the crops growing
on it. When seen along with crop
demand, this is the major
determinant for external nutrient
input. Only a fraction of the total
nutrient present in the soil exists
in readily or potentially available
form and, therefore a knowledge of
available nutrient status of soils is
very valuable in planning
fertilisation of agriculture, it serves
as an indicator of soil fertility and
thus overall fertility status of a soil
has to be assessed for each
nutrient separately. Until now,
micronutrients have mostly been
addressed as one of the soil
problems but micronutrient
deficiencies and complexities have
now been observed abundantly in
crops produced from
micronutrient deficient soils and
these in turn produce nutrient

deficient foods and fodder. Human
and animals depending on such
foods have also shown mineral
deficiency symptoms (21).

The nature and extent of
micronutrient deficiencies vary
with soil type, crop genotype,
management and agro-ecological
situations. With the intensive
cropping of high yielding varieties
of rice and wheat in the state,
deficiency of zinc (Zn) initially, and
subsequently deficiencies of iron
(Fe) in rice and manganese (Mn) in
wheat emerged as threats to
sustaining high levels of foodgrain
production (23). Micronutrient
deficiencies are now frequently
observed in intensively cultivated
areas of the state where cereals,
oilseeds, pulses and vegetable
crops are grown. Due to
widespread and regular
application of Zn fertilisers, the
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occurrence of Zn deficiency has
declined in recent years, but
multiple-micronutrient
deficiencies may become a
problem in future, if not
addressed properly (4, 13, 21). In
order to tackle the problems of
micro- and secondary nutrient
deficiencies in the Haryana state,
the Indian Council of
Agricultural Research (ICAR)
formulated an All India
Coordinated Scheme of
Micronutrients in 1967 at Hisar.
Since then, the centre is working
on emerging issues on micro- and
secondary nutrient problems and
the amelioration measures in the
state.

In order to apply nutrient based
on soil fertility, it is necessary to
know the location specific
variability in nutrient supply to
overcome the  mismatch of
fertiliser rates and crop nutrient
demand. The distribution of
available micronutrients
including multiple micro-nutrient
deficiencies is immensely needed
to understand and establish link

between soil and available
micronutrients and animal-
human health. In animal
nutrition, Zn an essential
micronutrient, and positive

relationships between soil Zn
contents or availability, Zn
contents of forage and fodders, and
animal Zn status have been clearly
established. In many of these
studies in animal nutrition, direct
linkages between low soil
micronutrient contents and low
nutrient contents of forage and
fodders have been clearly
established. A typical example is a
study in Haryana, India, where low
levels of Zn in buffalo milk could
be directly linked to low Zn levels
in local soils and in fodder
produced on these soils (27). In this
paper, efforts had been made to
assess available micronutrient
status in Haryana soils and its
mapping in different categories
which would be helpful in devising
management decision for better
crop production and human
health. During the current study,
the spatial variability of plant
accessible micronutrients viz., Zn,

Fe, Mn, Cu and B were investigated
using geostatistical tools and
geographical information system
to create nutrient maps and
provide useful information for the
application of inputs as per soil
status and crop demand.

Soil Sampling, Analysis and
Preparation of Deficiency Maps

A total of 5,673 surface soil
samples (0-15 cm depth) covering
all the talukas and districts of the
state were collected by adopting
the standard procedures of soil
sample collection during the year
2009-2014, immediately after
harvest of predominant rice crop.
The sampling size varied with the
size of the district, cropped area
and cropping intensity from all 21
districts of the state, i.e., Ambala
(86), Bhiwani (551), Faridabad (95),
Fatehabad (464), Gurgaon (116),
Hisar (607), Jhajjar (95), Jind (440),
Kaithal (385), Karnal (362),
Kurukshetra (396), Mewat (94),
Mahendragarh (347), Palwal (249),
Panchkula (76), Panipat (326),
Rewari (90), Rohtak (142), Sirsa
(510), Sonipat (140) and Yamuna-
nagar (102).

The soil samples were analysed
for micronutrients (Zn, Fe, Mn, Cu
and B) by adopting standard
procedures for soil analysis.
Analysis of Zn, Fe Mn, and Cu was
performed wusing Diethylene
Triamine Penta Acetic Acid (0.005
DTPA+0.1 M Triethanolamine and
0.0IM Ca ClI, solution buffer) as
outlined by Lindsay and Norwell
(1978) while hot water soluble B
was analysed suggested by Berger

and Truog (1939). The Soil
micronutrient maps were
prepared using kriging

(geostatistics techniques) method
in ArcGIS. Descriptive statistical
analysis was carried out first to
determine the mean, maximum,
minimum, standard deviation and
coefficient of variation of the
variables of data. Critical limits
used for the study were 0.60 mg
DTPA-extractable Zn kg™ soil, 4.50
mg DTPA-extractable Fe kg™ soil,
0.20 mg DTPA-extractable Cu kg™
soil, 2.50 mg DTPA-extractable Mn

kg? soil and 0.50 mg hot water-
soluble B kg™ soil.

MICRONUTRIENTS STATUS OF
SOILS OF HARYANA

A. Delineation and Mapping of
Micronutrients Deficiency

1. DTPA-extractable zinc and iron

Zinc soil fertility is a good index of
Zn content in fodder and grain as
significant correlation is found
between available Zn content of
soils and Zn content in grain even
under farmers’ fields. The critical
limits of Zn used for this study was
0.6 mg Zn kg'soil however it varies
with soil and crop type. For clear
prediction of possible deficiencies,
the critical limit has to be refined
with reference to the soil
characteristics and plant parts for
individual crops as the soils and
crops vary widely in their nutrient
supplying and utilization
efficiency. Zinc deficiency in crops
is the common micronutrient
problem world over. Therefore, Zn
malnutrition has become a major
health burden among the resource
poor people (21).

Systematic survey and analysis
of 5,673 soil samples analysed
under the aegis of AICRP-MSPE
indicated deficiency of Zn to the
extent of 15.3%, however, it
varies across soil types, agro-
ecological zones and more
importantly management and
productivity of crops and cropping
systems. The deficiency of Zn in
Haryana is much lower than the
national average of 40%. The
reason for declining Zn deficiency
in Haryana is inadvertent use of
zinc sulphate. The zinc sulphate
consumption in the state is
reported to be 14,651 tonnes
making it third largest zinc
sulphate user state after Punjab
and Andhra Pradesh (3). The Zn
deficiency was reported to be less
than five percent in Ambala,
Faridabad, Kaithal, Kurukshetra,
Panchkula, Rewari and Sonipat
(Table 1). In the soils of Hisar,
Fatehabad, Karnal, Rohtak, Jind,
Palwal districts, the Zn deficiency
ranged from 5-15%. Interestingly,
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out of 102 soil samples collected
in Yamunanagar, not even a single
sample was found to be in Zn
deficient category. In terms of
quantitative availability of Zn in
soils of state, it ranged from 0.08
to 42.07 mg kg soil. Among the 21
districts, the highest n
deficiency was recorded in
Bhiwani and Mahendragarh
districts (more than 36%).

In Indian soils, Fe is another
limiting micronutrient for crops
as plant Fe deficiency is known
to occur since long in many parts
of the country. In most soils, Fe is
present in large quantities as it
constitutes about 3-5% of soil,
making it fourth most abundant
element in the crust, after oxygen,
silicon and aluminium. However,
most of the Fe in soils is
unavailable for plant absorption
(10). For example, Fe deficiency is
common in calcareous soils (which
have high pH), because its
availability to plant decreases
with increasing pH. On the other
hand, Fe availability is generally
high in acid soils, moreover, Cu, Zn,
Mn and phosphate ions are Fe

in soils reduces Fe uptake by
plants.

Metabolically, Fe is essential for
chlorophyll and protein formation,
photosynthesis, electron transfer,
oxidation  and reduction of
nitrates and sulphates and other
enzyme activities. Its deficiency
causes interveinal chlorosis in
newly emerging young leaves
due to reduced chlorophyll
synthesis resulting in poor growth
and loss in yield (11). Among
crops, Fe deficiency is frequently
noticed in sugarcane and upland
rice, pulses and horticultural
crops. The deficiency of Fe is further
aggravated wunder excess of
carbonate and bicarbonate ions,
ionic imbalances, higher pH and
low water potential.

The Fe status in soils of Haryana
state has been a cause of concern
for the stakeholders since last
decade. On average, 22% soils are
deficient in available Fe, however,
it ranges from 0.12 to 81.43% and
districts like Mahendragarh
(55.04%),  Hisar  (48.27%),

antagonists and their higher level

Fatehabad (46.12%), Sirsa (38.24%),
Bhiwani (29.22%) and Rohtak

(26.06%) have been most affected
(Table 1). Of the 21 districts, soils
of Ambala, Faridabad, Gurgaon
and Sonipat did not show Fe
deficiency. Soil samples collected
from Yamunanagar, Rewari,
Panipat, Panchkula, Mewat,
Kaithal and Kurukshetra exhibited
Fe deficiency to the tune of 1 to
2.50% only.

2. DTPA-extractable manganese
and copper

The parent material, geomorphic,
physico-chemical, biological
processes of soil control the total
Mn content as well as its
distribution in different forms in
soils and its supply to crops
grown on it. Although total
manganese is present in large
amount in most of the soils, its
availability becomes a problem in
sandy loam soils which frequently
undergoes wetting and drying. In
India, the deficiency of Mn has been
observed in light textured and
calcareous soils (8). If the soil is
alkaline, the availability of Mn
becomes a constraint as its
availability is low at high pH (19,
22).Widespread deficiency of

Table 1- Available zinc and iron status (DTPA-extractable) in soils of different districts of Haryana
District DTPA-Zn DTPA-Fe

Range Mean+SE PSD Range Mean+SE PSD
Ambala 0.32-9.60 3.34+0.25 3.49 4.82-23.56 16.29+0.43 0.00
Bhiwani 0.13-6.44 0.94+0.03 36.48 1.66-23.74 6.99+0.16 29.22
Faridabad 0.28-7.32 2.29+0.16 5.26 7.01-33.40 17.51+0.69 0.00
Fatehabad 0.14-6.83 1.63+0.05 13.79 0.69-30.24 7.11+0.26 46.12
Gurgaon 0.32-3.82 1.51+0.07 18.10 4.95-34.28 9.35+0.50 0.00
Hisar 0.08-5.54 1.62+0.04 14.99 0.68-33.00 6.68+0.24 48.27
Jhajjar 0.10-3.88 1.23+0.07 15.79 1.20-57.80 15.60+1.33 14.74
Jind 0.09-5.12 1.65+0.05 8.86 0.12-40.09 18.86+0.51 9.32
Kaithal 0.35-25.28 2.80+0.13 4.94 0.44-42.61 22.79+0.35 1.30
Karnal 0.34-5.55 1.74+0.07 14.36 2.25-21.48 12.92+0.27 7.73
Kurukshetra 0.20-4.11 1.90+0.04 3.03 2.34-24.62 14.13+0.21 1.77
Mewat 0.42-2.86 1.21+0.05 10.64 4.44-32.32 10.61+0.59 1.06
Mahendragarh 0.20-4.00 0.95+0.03 36.02 1.14-16.32 4.68+0.11 55.04
Palwal 0.14-42.07 2.29+0.30 6.43 2.26-44.70 14.97+0.74 10.04
Panchkula 0.36-6.97 2.76x0.17 1.32 3.58-44.30 26.46+1.28 1.32
Panipat 0.31-6.81 1.21+0.06 26.38 2.06-43.48 15.22+0.47 2.45
Rewari 0.46-6.77 2.09+0.12 1.11 4.35-21.36 9.76+0.43 2.22
Rohtak 0.30-5.61 1.32+0.08 14.08 1.34-81.43 11.83+0.83 26.06
Sirsa 0.18-6.93 1.77£0.05 16.47 0.62-30.02 8.43+0.28 38.24
Sonipat 0.44-4.26 1.99+0.09 2.86 4.80-36.30 15.88+0.48 0.00
Yamuna nagar 0.92-8.00 2.55+0.14 0.00 1.78-52.26 31.06+1.12 1.96
Haryana 0.08-42.07 1.70+0.02 15.30 0.12-81.43 12.29+0.12 21.60
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manganese (Mn) has been
reported in arid and semi-arid
soils (15, 25). Manganese is a main
constraint for sustainable wheat
production in coarse textured
soils, low in organic matter
content, with high calcium
carbonate content and high pH. A
wide spread deficiency of Mn in
wheat and berseem was reported
in the northwest India in the early
1980s when farmers adopted a
rice-wheat cropping system on
the soils, which were coarse in
texture and low in organic matter
(20). Status and distribution of
DTPA extractable Zn and Fe in
districts of Haryana are given in
Map 1 and Map 2.

The data given in Table 2
revealed that DTPA-Mn in the
surface soils of Haryana varied
from 0.15- 48.10 mg Mn kg'soil
with an overall deficiency of 6.10%.
The deficiency of Mn was found
to be 48.62, 10.05, 9.27 and 6.53%
in the districts of Karnal, Hisar,
Fatehabad and Bhiwani,
respectively. However, most of the
districts viz. Jind, Rohtak, Palwal,
Panipat, Ambala, Faridabad,
Gurgaon, Jhajjar, Kaithal, Mewat,

Sonipat and Yamuna nagar did not
have problem of Mn deficiency in
soils (<1.0%).

After Zn and Fe, problem of Cu
deficiency in soils of the state is
coming up to an alarming
situation. Soils with high organic
matter favour complexation of Cu
with organic substances, thus,
could result in Cu deficiency in
plants. Though Haryana soils are
very poor in organic matter but
Cu deficiency has been observed.
Deficiency of Cu negatively
impacts grain, seed, and fruit
formation (depending on the crop)
to a greater degree than its effect
on the vegetative growth. The Cu
deficiency in Haryana is generally
attributed to high pH and
calcareousness of soils (1).

The DTPA-extractable Cu in soils
of Haryana ranged from 0.04 to
21.22 mg kg? soil and overall
deficiency was observed to be
5.20%. However, deficiency of Cu
in soils of Mahendragarh (12.97%),
Bhiwani (9.26%), Fatehabad
(9.05%), Hisar (8.24%), Karnal
(8.01%) and Sirsa (5.69%) districts
has been observed to be more than

Status and distribution of DTPA
extractable Mn and Cu in districts
of Haryana have been shown in
Map 3 and Map 4.

3. Hot Water Soluble Boron

Boron (B) is a unique non-metal
micronutrient required for normal
growth and development of
plants. It is mobile in soils and
more often gets leached down the
soil profile with excess moisture.
Its availability is low in alkaline-
calcareous soils due to its
precipitation with CaCO,. Soil
concentration range between B
deficiency and toxicity is quite
narrow. Boron concentration and
its bioavailability in soils is
affected by several factors
including parent material, texture,
nature of clay minerals, pH,
liming, organic matter content,
sources of irrigation, inter-
relationship with other element
and environmental conditions like
moderate to heavy rainfall, dry
weather and high light intensity
(12). Therefore, knowledge of these
factors affecting B uptake is
essential for the assessment of B
deficiency and toxicity under

Mahendragarh, Panchkula, 5% (Table 2). different conditions. Upon
Table 2 — Available manganese and copper status (DTPA-extractable) in soils of different districts of Haryana
District DTPA-Mn DTPA-Cu

Range Mean+SE PSD Range Mean+SE PSD
Ambala 3.97-19.61 13.74+0.42 0.00 0.13-6.28 1.99+0.11 1.16
Bhiwani 0.49-18.00 9.48+0.20 6.53 0.12-3.52 0.64+0.02 9.26
Faridabad 8.21-19.53 15.62+0.18 0.00 0.16-6.93 1.46+0.13 1.05
Fatehabad 0.74-15.24 5.51+0.13 9.27 0.08-21.22 2.43+0.21 9.05
Gurgaon 4.67-21.47 11.96+0.31 0.00 0.20-3.30 0.62+0.04 1.72
Hisar 0.37-34.86 9.10+0.31 10.05 0.08-6.94 1.09+0.04 8.24
Jhajjar 5.94-48.10 19.68+0.82 0.00 0.27-3.02 1.20+0.07 0.00
Jind 3.42-22.39 14.62+0.27 0.91 0.21-10.83 2.39+0.08 0.00
Kaithal 6.40-18.95 16.48+0.09 0.00 0.05-17.26 3.86+0.12 1.56
Karnal 0.15-17.48 4.97+0.28 48.62 0.04-4.28 1.27+0.07 8.01
Kurukshetra 1.96-17.66 9.53+0.20 1.01 0.36-5.15 1.72+0.04 0.00
Mewat 2.80-26.56 16.76+0.53 0.00 0.12-1.90 0.80+0.04 4.26
Mahendragarh 2.75-14.40 8.34+0.14 0.00 0.09-2.52 0.54+0.02 12.97
Palwal 2.48-48.00 9.14+0.35 0.40 0.08-12.63 1.50+0.10 4.82
Panchkula 6.31-23.26 14.50+0.44 0.00 0.24-4.06 1.24+0.09 0.00
Panipat 2.31-23.36 8.85+0.32 0.31 0.08-2.38 1.13+0.02 0.92
Rewari 1.72-22.73 13.65+0.37 1.11 0.18-1.96 0.69+0.04 2.22
Rohtak 0.26-17.41 8.86+0.27 0.70 0.06-3.56 1.18+0.06 4.93
Sirsa 0.52-17.47 10.09+0.21 4.71 0.06-3.96 0.89+0.03 5.69
Sonipat 3.59-22.50 10.38+0.25 0.00 0.48-3.52 1.95+0.06 0.71
Yamunanagar 3.10-22.57 16.08+0.34 0.00 0.40-4.30 1.74+0.09 0.00
Haryana 0.15-48.10 10.41+0.08 6.10 0.04-21.22 1.51+0.03 5.20

Indian Journal of Fertilisers, May 2015
19



i SREA &

Y

Legend

Level of Zing Deticiency
| B
b 20

el FE

ASHFR VR i |5 Mo

{ i wndary

Map 1 - Status and distribution of DTPA-extractable Zn
in the different districts of Haryana

Legend
Leve! ef Iren Daficiency
| I

Tt In

AT

| B

i !]ni:- Joundars PP P s 121 B

Map 2 - Status and distribution of DTPA-extractable
Fe in the different districts of Haryana

Legend
Leval of angenaae Daficiency
| B

B

I

st Do dony

Map 3 - Status and distribution of DTPA-extractable
Mn in the different districts of Haryana

TR
ARFD Honis BE il

Legend

Lewel ol Copper Defiziercy
[ B

.:.u— \ i .
T . mr:u-vuu:xl; El
Map 4 - Status and distribution of DTPA-
extractable Cu in the different districts of Haryana

Legend
Lavel of Baran Deflzlancy
| B

% b 1t
e =

Map 5 - Status and distribution of hot water soluble
B in the different districts of Haryana

F

B e Ve, BE S

mineralization from organic matter or B addition to
soils through irrigation or fertilization, a proportion
of it remains in the soil solution while remaining is
absorbed by soil particles and other soil constituents.
Boron deficiency in soils of the state has been
recorded to be 3.30% (Table 3). Except Faridabad,
Gurgaon, Yamunanagar and Hisar the deficiency of
B in other district was recorded below 5%.

Status and distribution of hot water soluble B in
districts of Haryana have been shown in Map 5.

B. Frequency Distribution of Micronutrients and
Fertiliser Need

Soil samples falling below 0.6 mg Zn kg™ are
considered deficient in Zn, those falling between 0.6
to 1.20 mg kg'are considered as medium in Zn supply
and those above 1.80 mg kg™ are classed as high Zn
samples. In order to develop better nutrient
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prescription, it is useful to
categorize  samples in lower
range of frequencies. On average,
it was noticed that 5.3% of the
total samples fall in Zn deficient
category, however another 10.5%
samples  which fall in the
category of >0.6 to 0.8 mg kg may
be considered as potentially
deficient. This category where
Zn availability is between 0.6-
0.8 mg kg, which has improved
due to increasing awareness
among farmers during the latter
part of the last decade is
potentially susceptible for near

About 19.8% soils (having >0.8 to
1.2 mg Zn kg™ soil Zn content) may
potentially respond to Zn
application depending upon the
type of crops grown and agro-
climatic conditions. About one
third of the soils are having
adequate level of Zn content (>1.8
mg kg? soil) and Zn application to
those soils may be skipped.
However, in soils which has
available Zn level between >1.2
to < 1.8 mg Zn kg! may be given
only Zn maintenance doses to
sustain that level.

future (Figure 1). Of the total soil samples about

Table 3 — Available boron status (Hot water soluble) in soils of different district
of Haryana

District Range Mean+SE PSD
Ambala 1.30-4.05 2.33+0.06 0.00
Bhiwani 0.15-9.50 1.71+0.03 4.17
Faridabad 0.35-1.50 0.78+0.03 13.68
Fatehabad 0.30-9.50 2.00+0.06 3.88
Gurgaon 0.20-4.05 1.07+0.05 10.34
Hisar 0.15-6.20 2.12+0.05 6.75
Jhajjar 0.35-4.05 1.94+0.07 1.05
Jind 0.35-9.50 1.79+0.05 1.59
Kaithal 0.55-4.05 1.88+0.03 0.00
Karnal 0.15-3.10 1.48+0.03 442
Kurukshetra 0.25-6.95 1.51+0.03 2.27
Mewat 0.35-2.70 1.29+0.04 1.06
Mahendragarh 0.15-9.50 1.11+0.04 4.32
Palwal 0.50-2.70 1.54+0.03 0.40
Panchkula 0.55-2.40 1.50+0.06 0.00
Panipat 0.16-5.10 1.45+0.03 3.07
Rewari 0.85-1.85 1.33+0.02 0.00
Rohtak 0.35-5.50 1.41+0.06 2.82
Sirsa 0.45-8.50 1.91+0.06 0.78
Sonipat 1.20-3.35 2.13+£0.04 0.00
‘Yamunanagar 0.10-2.10 1.13+0.05 9.80
Haryana 0.10-9.50 1.69+0.01 3.30

15.3% are highly deficient in Fe
while 12.8% are vulnerable to Fe
deficiency and respond to Fe
application. Further, 11.1 %
samples falling in the range of >5.5-
7.5 mg Fe kg' soil may be
considered as potentially deficient
category (Figure 2). Intensive
cropping in these soils may
render them in Fe deficient
category, if maintenance doses
are not provided. About 45% soils
are having enough Fe content in
soil to support the intensive
farming provided sufficient
moisture in available in the fields.

The frequency distribution of the
Mn in soils of the state revealed
that about 10.8% of the samples
had Mn level of less than 3.5 mg
Mn kg soil. Further, about 10%
samples fall in the range of 3.5 to
5.0 mg Mn kg soil and may be
considered potential deficient in
future. About 50% soils of the
state having Mn content more
than 9.5 mg kg and considered
sufficient to meet the crop demand
for longer period (Figure 3). Of total
analysed soil samples, 5.2%
samples contained <0.2 mg Cu kg™
soil. While another 14.6% samples
fall in the category of >0.2-0.4 mg
Cu kg soil, may be potentially
susceptible to Cu deficiency in
future (Figure 4). More than 60%
soils have adequate amount of Cu
to meet demand in future.

After 3.3% deficient category of B,
4.7% samples has been observed
to be in the potentially prone to
be B deficient as it contains >0.5-
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0.7 mg B kg soil (Figure 5). The
soils which are potential to be
deficient in future, may respond to
B application, depending upon the
crop need and nature of crop.

C. Multiple Micronutrient
Deficiencies
In the preceding sections,

individual micronutrients have
been dealt in detail, however; in
soils and in crops, and also in
human nutrition, micronutrient
deficiencies rarely occur in
isolation (5, 6). Therefore, in soil
plant system, there may often be

a need to address several
micronutrient deficiencies
simultaneously.

Continuous use of high analysis

fertilisers under intensified
cropping and neglect of organic
manures manifested the

occurrence of wide spread
micronutrient deficiencies;
especially of Zn and Fe in soils of
the state after 1960. However, it is
evident that the deficiency of a
single micronutrient prevails
compared to two, three and four
micronutrient deficiencies in the
state (Table 4). Except the one or
two combinations having Zn and
Fe, multiple micronutrient
deficiencies in the states seldom
exceeded 2%. Thus, application of
single micronutrient fertilisers in
the state is sufficient instead of
multi-micronutrient mixtures with
higher cost of production.

D. Temporal Changes in
Micronutrient Deficiencies

As compared to Zn status in
previous years (1999-2009), a
substantial improvement in Zn

B Categoryrange (mg kg-1)

Figure 5 — Frequency distribution of B availability in soils of Haryana state

20 30 40 50

Percentage of Samples

status of the state has been
observed in recent years (2009-
2014). Except Ambala, Karnal,
Kurukshetra and Panipat
districts, Zn deficiency in other
districts has either decreased or
remained stagnant. Build up in Zn
status of soils in the districts
like Rewari, Faridabad,
Mahendragarh, Yamunanagar,
Bhiwani and Hisar, has been
significant. Overall, the change in
Zn status of the state soils has
improved and as a result the
magnitude of Zn deficiency
declined by 10.5% (Figure 6). The
improvement in Zn status of soils
in during recent years is
attributed to inadvertent use of
Zn fertilisers in state.

Like Zn deficiency, Fe status in
Haryana soils have also
improved during the last half
decade. As evident from Figure 7,
the Fe deficiency in soils of the
state has reduced by 6.4% to its
status before 2009 (27.97%). More
than 10% decrease in Fe deficiency
in soils of Bhiwani, Rewari,
Yamunanagar, Sonipat, Hisar, Jind
and Sirsa districts, were
observed. Very little or no change
has been observed in Jhajjar,

Gurgaon, Ambala, Mewat,
Panchkula, Kaithal and
Kurukshetra districts, however,

increase in deficiency has been
evident in the districts like
Mahendragarh, Fatehabad, Karnal,
and Rohtak districts. In fact Fe
status fluctuates greatly in soils
due to moisture regime. Its
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concentration may be influenced
by weather and organic manure
application in soils where Fe® is
reduced to Fe * and enhances the
solubility of Fe in the soil (26). The
increase in DTPA- Fe content with
increase in SOC is supported by the
overall positive relation between
DPTA-Fe and organic carbon (24).
Improvement in pH (due to
continuous fertilization through
urea) may also contribute in
enhancing Fe availability in soils.

On average, there has hardly
been any change in Mn content in
soils of the state, except some
improvement in soils of Sonipat,
Bhiwani, Hisar, Rohtak, and
Mahendragarh districts. The
improvement in Mn status has
resulted in decreased level of Mn
deficiency. It is difficult to explain
such improvement in available Mn
however, there could be possibility
of difference in sampling time.
Because usually analysis of

Table 4 — Status of deficiency of multiple micronutrients in soils of different districts of Haryana
District | Zn+B | Zn+Cu | Zn+Fe | Zn+Mn | Fe+Mn | Zn+Fe+Mn | Zn+Cu+Fe+Mn
Ambala 0.0 1.2 0.0 0.0
Bhiwani 1.1 7.1 10.9 2.5 4.4 1.6 0.4
Faridabad 1.1 1.1 0.0 0.0 0.0 0.0 0.0
Fatehabad 0.6 4.7 11.0 1.1 2.8 0.9 0.9
Gurgaon 1.7 0.9 0.0 0.0 0.0 0.0 0.0
Hisar 2.8 3.0 12.9 4.8 9.7 4.8 1.5
Jhajjar 0.0 0.0 4.2 0.0 0.0 0.0 0.0
Jind 0.0 0.0 2.3 0.0 0.0 0.0 0.0
Kaithal 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Karnal 0.0 0.6 0.0 11.9 0.0 0.0
Kurukshetra 0.3 0.0 0.8 0.5 0.0 0.0 0.0
Mewat 0.0 3.2 1.1 0.0 0.0 0.0 0.0
Mahendragarh 1.7 6.3 25.6 0.0 0.0 0.0 0.0
Palwal 0.0 1.2 1.2 0.0 0.0 0.0 0.0
Panchkula 0.0 0.0 1.3 0.0 0.0 0.0 0.0
Panipat 1.5 0.0 0.9 0.0 0.0 0.0 0.0
Rewari 0.0 1.1 0.0 0.0 0.0 0.0 0.0
Rohtak 0.7 1.4 6.3 0.0 0.0 0.0 0.0
Sirsa 0.0 2.2 10.0 1.6 2.5 1.4 0.8
Sonipat 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Yamunanagar 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Haryana 0.7 2.2 6.4 3.0 4.0 1.7 0.3
samples collected after wheat
20.0 harvest durin
g summer season
% 10.0 often results in low Mn level
P I because of its oxidation in higher
E 0.0 k= . state as compared to wet season.
) U= = A EEERCER - Exceptionally, the problem of Mn
S Z - E BB EE EEE L deficiency has aggravated in
2 -10.0 |£ - EREREL-END ERED v agg .
2 = AR Mo S 23 g - S Karnal, an intensively cultivated
5 g~ E &S e district of the state (Figure 8).
2 -20.0 = = = E ) € e 8 _
a S & Except Bhiwani, deficiency of Cu in
£ 300 soils of the state has increased
g during the period as mentioned
£ 40,0 earlier. Overall, 1.9% more soils
5 have been observed under the Cu
£ -50.0 deficient categories (Figure 9).
© During the period of comparison,
-60.0 B deficiency has improved in soils
of the state. The greatest
-70.0 improvement was noticed in
Figure 6 — Temporal Changes in DTPA-extractable Zn deficiency in soils of | Bhiwani followed by Panipat.
different districts of Haryana Thgqgh there 1s Increase 1n. B
deficiency in soils of some district

but it is not much significant except
Karnal (Figure 10).

RESPONSE OF CROPS TO
APPLICATION OF
MICRONUTRIENTS

Fertiliser response trials are most
important tools to monitor the
nutrient deficiencies in soils and
plants as they confirm the actual
state of the nutritional disorders in
soil and plants and the levels of
benefits which can be accrued on
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the application of said element to
00 be deficient. In order to
demonstrate the magnitude of
deficiency or response of the crops
to micro and secondary nutrients,
number of experiments were
conducted on research farms as
well as on farmer’s fields.
Generally, deficiency of
micronutrients was noticed due to
intensive cultivation of high
yielding varieties of various crops
coupled with non-inclusion of
micronutrients in  fertiliser
schedule. Consequently, efficiency
of major nutrients was reduced
500 under micronutrient deficient
conditions which in turn decreased
Figure 7 — Temporal Changes in DTPA-extractable Fe deficiency the crop productivity.

in soils of different districts of Haryana

200

1040

Rohtalk
Sirsa

Sonipat

Rewari
Y amunanagar

Mawat
Mohindergarh

-10.0

Panipat
Over all

Panchlkula

Kurukshdra

=200

-30.0

Chnage in IFe PSD during 2014 over 2008

In Haryana, a large number of field
experiments were conducted on
cultivator’s fields to study the
500 response of micronutrients to
crops at recommended rate. The
40.0 response to application of
micronutrients varied greatly
300 with crops, level of deficiency as
well as with micronutrients
200 applied (Table 5). In case of Zn
applied at 5 kg Zn ha, the average
100 increase in grain yield among the
cereals was maximum in rice (0.58
t ha') followed by wheat (0.35 t
ha?) than other crops while pearl
millet was found to be least
responsive. Mustard, an important
oilseed crop of the state, also
responded positively to the Zn
application. The magnitude of
Figure 8 — Temporal Changes in DTPA-extractable Mn deficiency response  to cotton and
in soils of different districts of Haryana groundnut was almost similar
being 0.22 and 0.31 t ha’,
respectively. When Fe was applied
at10 kg Fe ha'in the form of FeSO,,
the response was noticed in almost
all the soils where Fe availability
was  inadequate.  Similarly,
increased yields of crops were
realized when Mn and B were
applied to the crops.
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Deficiencies of micronutrients
(Zn, Fe, folic acid) during pregnancy
are known causes of low birth
weight and reduced immunity.
2200 Most of the micronutrients
o necessary for human and animal
growth are either essential or
beneficial to crop plants too. Boron
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Figure 9 — Temporal Changes in DTPA-extractable Cu
deficiency in soils of different districts of Haryana
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is included as beneficial trace
elements for human to protect
against losses of Ca and Mg by
post-menopausal women. Each
essential element has a specific
role in the metabolism as a co-
factor in several enzymatic
reactions or as necessary
constituent of important structural
proteins that cannot be partly or
wholly replaced by any other

even to death (23). Deficiencies of
trace elements like Zn, Cu and Mg
have been implicated in various
reproductive events like
infertility, pregnancy wastage,
congenital anomalies, pregnancy
induced hypertension, placental
abruption, premature rupture of
membranes, still births and low
birth weight (16).

elements. Trace elements are Globally, about three billion
required less than 100 mg kg™ in people are suffering with
dietary food but shortage of any malnutrition of micronutrients
micronutrient leads to poor Dbesides  protein  deficiency
health, disease, morbidly, malnutrition syndrome.
mortality and infertility and/ or Deficiencies of micronutrients are
Table 5 — Response of crops to application of micronutrients

Crops No. of experiments Range Mean

Response (t ha?)

Zinc

Wheat 456 0.02-3.21 0.35
Rice 75 0.08-1.27 0.58
Maize 26 0.06-1.68 0.25
Pearl millet 200 0.01-0.67 0.17
Mustard 7 0.06-0.38 0.17
Gram 5 0.02-0.18 0.13
Cotton 2 0.06-0.34 0.22
Groundnut 2 0.20-0.41 0.31

Iron

Wheat 6 0.23-0.45 0.38
Chickpea 3 0.09-0.22 0.19
Pearl millet 9 0.24-0.34 0.31
Manganese

Wheat 12 0.34-0.86 0.69
Boron

Cotton 8 0.09-0.24 0.14
Mustard 12 0.13-0.28 0.23

common in children and more so
in women because of blood losses
occurred during menstrual and
childbirth. Increased deficiencies of
micronutrients in soils and crops
are leading to global burden of
disease, hunger, increased
susceptibility to sickness and loss
of working hours. Micronutrient
deficiencies, especially Fe and Zn
among pregnant women are
widespread in  low-income
countries, including India. Among
the underprivileged populations,
pregnant women have limited
access to food and hence their
dietary intake of calories, protein,
vitamins, and micronutrients is
inadequate (23).

In our country, nearly half of the
soils on which food crops are
grown, are deficient in plant
available Zn, leading to reductions
in crop production and also
nutritional quality of the harvested
grains. Since cereal grains/ seeds
contain inherently very low
amount of Zn, growing them on
potentially Zn deficient soils
further decreases grain Zn
concentrations. Since cereal-based
foods rice and wheat are the major
source of daily calorie intake hence
widespread occurrence of Zn
deficiency is reported in human
populations in India (21). In
country, 11.4% of the women in the
reproductive age group are below
145 c¢cm, and 35.6% suffer from
chronic energy deficiency and
about 58.7% of pregnant mothers
suffer from anaemia (7). The
situation is no different in Haryana
state, as evident from a
community based cross sectional
survey conducted by Pathak et al.
(2004) in 6 villages of rural areas
of district Faridabad in Haryana
state which indicated that nearly
73.5, 2.7, 73.4, and 26.3 per cent
pregnant women were deficient in
Zn, Cu, Fe and folic acid,
respectively. The highest
concurrent prevalence of two,
three, four and five micronutrient
deficiency invariably included Zn
and/ Fe. Inadequate calories intake
and consuming less than 50% of the
recommended Zn, Fe, and Cu make
them more vulnerable. The
consumption of food items which
are rich in micronutrients (pulses,
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vegetables, fruits, nuts and oil-
seeds, animal foods) was
infrequent. In another similar
study, a high prevalence of Zn
deficiency was found among the
nulliparous non-pregnant women
in a rural community of Haryana
state (17).

A survey in the state revealed
that when feed and fodder
produced on low Zn and/ Fe
deficient soils were fed to cattle,
the animals showed higher
percentage of deficiency in their
blood serum, hair and milk as
given in Table 6. The deficiency of

micronutrients  was  found
widespread, as deficiency of
minerals in common ranged

between 20-60% for Zn, and 33-
64% of Cu in blood serum and milk
samples while hair showed Mn
deficiency too.

Similar study aimed to assess the
effect of micronutrient status in
soil-plant-animal continuum
revealed that soil of Dahima
village of Hisar, Haryana had
deficiency of 74.45 for Fe, 68.9%
for P and 4.8% for Zn, and the
fodders grown on these soils do not
meet the mnormal mineral
requirement of animal body.
Analysis of animal blood plasma
serum  revealed maximum
deficiency of 37.5% of Cu followed
by 12.5% of P.

CONCLUSION

The current status of Zn, Fe, Mn,
Cu and B deficiency in soils of the
state has been assessed as 15.3,
21.6, 6.2 5.2 and 3.3 %, respectively.
Despite this deficiency, a
considerable portion of soils which
are categorized just above the
deficiency level need special
attention because improper
management of these soils may
again render them in deficient

category. As in case of Zn, this
category might have been result of
increased use in Zn by the farmers
in the state. As of now, the
critical micronutrients in Haryana
soils is Fe, followed by Zn, Mn, Cu
and B. It has been proved that
application of micronutrient
fertilisers was  useful in
mitigating the deficiency in plants
and also helped in exploiting the
potential of crops. The response
to micronutrient had been noticed
in deficient soils which varied with
crop, soil and genotype. In the
state, multi-micronutrient
deficiencies are rare, application of
multi-micronutrient mixtures may
be avoided as deficiency and
toxicity range of micronutrients
is very narrow. Further, there is
need to develop micronutrient
application strategies for
enhancing the micronutrient
loading, particularly Zn and Fe, in
edible plant parts under various
soil types as per their available
nutrients  status in  soil.
Micronutrients enriched grain has
great potential in improving health
of malnourished children and
pregnant women of the state,
especially in rural areas. The
animals, when fed with
micronutrients dense fodder and
feed has shown increased
concentrations of these vital
micronutrients in milk, serum and
hair.
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