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Abstract

A comparative study of leaf and soil Zn in healthy and unhealthy apple orchards was undertaken to diagnose Zn deficiency in major apple
growing blocks of district Doda, Jammu and Kashmir, India during July—August, 2014. Available Zn content in healthy orchards ranged from
1.0-3.6 mg kg in surface soils and from 0.67-2.90 mg kg*in sub surface soils of entire district with respective mean values of 1.54 and
1.21 mg kg*. The corresponding ranges for unhealthy orchards were found to be 0.50-0.99 mg kg and 0.40-0.83 mg kg* with respective
mean values of 0.70 and 0.59 mg kg™. The overall Zn content in leaves of normal healthy orchards ranged from 24.6-37.5 mg kg™ whereas
in unhealthy orchards, the range was 12.7-28.4 mg kg* with respective mean values of 30.36 and 19.25 mg kg™. Higher Zn status of healthy
orchards was ascribed to relatively better management practices being followed in these orchards when compared to others where absentee
farming was prevalent. Available Zn showed significant positive correlations with leaf Zn and OC content, both in surface and sub surface
soils, whereas its relationship with soil pH was negative. The proposed critical levels of Zn, both in soil and leaf could effectively differentiate
the healthy and unhealthy orchards. However, in some cases symptom development could only be attributed to hidden hunger/interactions
with other nutrient elements/environment or some external factors.
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1. Introduction their interactions (McCauley et al., 2009, Fageria et al., 2011,
Mia, 2015, Kathpalia and Bhatla, 2018). Interference by pests
and pathogens may obscure accurate identification of the
problematic nutrient (de Mello Prado, 2019, de Mello Prado
and Rozane, 2020). Diseases, insects, drought, excess water,
soil compaction, genetic abnormalities, insecticides (Stevens
etal., 2002, Chatterjee and Dube, 2004, McCauley et al., 2009)
and heavy metal toxicity (Ranganathswamy et al., 2019, Zafar-
ul-Hye et al., 2020) may produce symptoms similar to those of
nutrient deficiencies. Plants may suffer from hidden hunger
(Afghani and Hashimi, 2015). Furthermore, visual diagnostic
does not quantify the level of deficiency or excess, therefore
it should be supplemented with plant and soil analysis.

Apple (Malus domestica Borkh.) is the principal fruit crop
of Jammu and Kashmir and accounts for 51% of total area
under temperate fruit crops in the state (Anonymous,
2022). However, many of the apple orchards growing in
the region suffer from low plant vigour and poor yield and
quality of fruits due to lack of proper mineral nutrition. Such
orchards have often been associated with the development
of visual nutrient deficiency symptoms. These symptoms/
disorders have pattern specific to nutrient element, which
makes visual diagnostics as one of the popular methods to
identify nutritional deficiencies in plants (Fageria, 2009).
This approach is simple, fast and inexpensive. However,
nutrient deficiency symptoms are extremely complex since  Zn, the ‘metal of life’ is a micronutrient essential for
each nutrient has numerous physiological and metabolic Maintaining life process both in animals and plants
activities, each of which may interact with environmental (Chellan and Sadler, 2015). As per criteria of Arnon and
circumstances. Many nutrient deficiencies may look similar ~ Stout (Osman, 2013), Zn is essential for plant growth and
as the same symptoms may be caused by multiple nutrient development (Brady and Weil, 2016). It is involved in the
deficiencies as well as other biotic and abiotic factors and  Production of growth hormones and many crucial metabolic
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processes from photosynthesis to chlorophyll synthesis and
plant reproduction . It has a role in fruit/grain yield, seed
development, protection against plant pathogens (Cabot et
al., 2019). Zn deficient plants show deformity (de Mello Prado,
2021) and delayed seed development (Khan et al., 2018).
Interveinal chlorosis (mottling) in young leaves is the initial
Zn deficiency symptom with short internodes, small leaves
(Barker and Pilbeam, 2015) and rosetting (Karthika et al., 2018,
Gulzar et al., 2020, Hashimi, 2021). Older leaves under severe
Zn deficiency display leaf bronzing, limited growth, rolling and
wilting (Mattiello et al., 2015, Zhao and Wu, 2017, Xie et al.,
2019). For proper growth and fruiting, essential nutrients
must remain within optimum limits defined by site-specific
nutrient ranges/critical limits. Comparison of healthy and
unhealthy trees is one of the methods to standardize critical
ranges/limits of nutrient elements as used by Smith (1966)
and Beyers (1962). The underlying hypothesis is that maximum
plant performance is associated with an optimum range of
nutrient concentration with specific upper and lower limits.
So, if leaf analysis data are available from a large number of
such orchards in different localities representing a wide range
of nutrient supply, the highest and the lowest values may
be considered to represent a close approximation of limits
required for maximum performance. Although nutritional
aspect of temperate fruit crops in Jammu and Kashmir has
been studied widely (Wani et al., 2016, 2017, Nabi et al.,
2020), no information is available regarding nutritional
ranges in apparently healthy and unhealthy orchards. Present
study attempts to propose critical Zn ranges based on visual
symptoms, soil and plant analysis for apple growing areas of
district Doda.

2. Materials and Methods

A diagnostic survey of the major apple growing localities
concentrated in five blocks of district Doda (33.13° N
latitudes, 75.57° E longitudes with an average altitude of
1107 m above mean sea level) in Jammu and Kashmir, India,
namely Bhaderwah, Ghatt, Marmat, Thathri and Bhalessa
was conducted during July—August, 2014. In each locality
normal, healthy looking orchards at one site were compared
with unhealthy orchards (exhibiting abnormal symptoms)
in adjoining site having comparable site characteristics i.e.
slope and aspect. However, if there seemed much variation in
slope or aspect, more than one set of healthy and unhealthy
orchards were taken into consideration for one locality. In
this way, out of a total of 105 apple orchards surveyed, 60
orchards (26 healthy and 34 unhealthy) were finally selected
in 20 localities to meet the objectives of present investigation.
A sample of 50 leaves from each of five selected trees in each
orchard was taken at random from the middle of terminal
shoots of current year’s growth on the periphery of the tree at
shoulder height (Kenworthy, 1964). A composite leaf sample
for each category of orchards at each site was prepared. These
samples were sequentially washed in tap water, distilled and
»
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double distilled water, dried at 60+5°C for 72 hours, ground in
a stainless steel grinder and digested in di-acid mixture (nitric
acid, perchloric acid in 4:1 ratio). Soil samples were taken
at 0—-20 cm (surface soils) and 20-40 cm (sub surface soils)
depths from drip line of the tree. For this, four borings on all
sides of the tree were made and a composite, representative
sample was drawn in the month of October/November prior to
the application of fertilizers by the farmers. Various physico-
chemical characteristics of soils were determined following
standard analytical methods (Jackson, 1973). Available Zn in
soil samples was extracted with the help of DTPA extractant
(Lindsay and Norvell, 1978). All Zn determinations were done
using atomic absorption spectrophotometer. All statistical
analyses were computed using Microsoft Excel software.

3. Results and Discussion

3.1. Soil characteristics

Soil reaction ranged between 4.71-8.26 (surface soils) and
4.76-8.31 (sub surface soils) in healthy and between 6.0-8.36
(surface soils) and 6.15-8.42 (sub surface soils) in unhealthy
orchards (Table 1). Healthy orchard soils had relatively higher
contents of organic carbon (OC) both in surface (mean 1.85%
and range 1.27-2.17%) and sub surface soils (mean 1.38% and
range 0.71-1.87%) as compared to unhealthy ones (mean
1.38% and range 0.49-2.10% for surface soils with mean
1.05% and range 0.30-1.73% for sub surface soils).

Table 1: Important soil characteristics of studied orchards
Soil depth (cm)

Soil characteristics

0-20 20-40
Healthy
pH (1:2) 4.71-8.26 4.76- 8.31
0OC (%) 1.27-2.17 (1.85) 0.71-1.87 (1.38)
Unhealthy
pH(1:2) 6.0-8.36 6.15-8.42
0OC (%) 0.49-2.10(1.38) 0.30-1.73 (1.05)

Figures in parentheses denote mean values

3.2. Soil Zn content

The data given in table 2 indicated that available Zn content of
healthy orchards of Bhaderwah, Ghatt, Marmat, Thathri and
Bhalessa blocks ranged from 1.52-3.6, 1.05-1.3, 1.70-2.0,
1.0-1.4 and 1.0-1.25 mg kg™ respectively in surface soils
and from 1.36-2.90, 0.75-1.20, 0.67-1.68, 0.87-1.30 and
0.71-1.12 mg kg in sub surface soils. In unhealthy orchards,
it ranged from 0.52-0.95, 0.50-0.90, 0.6—0.99, 0.84-0.88
and 0.81-0.92 mg kg! in surface soils and from 0.43-0.83,
0.40-0.72, 0.5-0.61, 0.72-0.75 and 0.65-0.76 mg kg in sub
surface soils for above five apple growing blocks, in order.
Surface soils of all orchards contained higher contents of
this micronutrient element, which may be attributed to
their higher OC content and favourable pH (Lindsay, 1972).
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Table 2: Status of zinc in soil and leaves of plants in apple orchards

Block Locality Status of  No. of Zn ranges (mg kg?)
orchard  ochards Leaf Surface soil (0-20cm)  Sub surface soil
(20-40 cm)
Bhaderwah Sartangal, Puneja, Seri, Healthy 7 28.7-37.5 (33.21) 1.52-3.6 (2.34) 1.36-2.90 (1.94)

Drudhu, Neota, Bhallara,
Dugga, Chhanni

Unhealthy 17

Ghatt Troun, Droundi Healthy 5
Unhealthy 7
Marmat Humbal, Malhori, Goa Healthy 3
Unhealthy 3
Thathri Chirala, Bhella Healthy 3
Unhealthy 3
Bhalessa Bhatyas, Jhakyas, Tilogra, Healthy 8
Kilotran, Kahljugasar
Unhealthy 4
Overall/total Healthy 26
Unhealthy 34

14.0-27.2 (20.03)
27.4-32.1(29.26)

0.52-0.95 (0.67)
1.05-1.3 (1.19)

0.43-0.83 (0.60)
0.75-1.20 (0.86)

14.0-28.4 (17.56) 0.5-0.9 (0.6) 0.4-0.72 (0.47)
28.1-30.1 (28.97) 1.7-2.0 (1.83) 0.67-1.68 (1.07)
12.9-25.8 (21.3) 0.6-0.99(0.79)  0.50-0.61 (0.57)
25.3-28.3 (26.47) 1.0-1.4 (1.15) 0.87-1.30 (1.03)

18.2-20.1 (19.47)
24.6-36.2 (30.54)

0.84-0.88 (0.86)
1.0-1.25 (1.09)

0.72-0.75 (0.73)
0.71-1.12 (0.91)

12.7-24.4 (17.2)
24.6-37.5 (30.36)
12.7-28.4 (19.25)

0.81-0.92 (0.85)
1.0-3.60 (1.54)
0.50-0.99 (0.70)

0.65-0.76 (0.68)
0.67-2.90 (1.21)
0.40-0.83 (0.59)

Figures in parentheses denote mean values

This contention finds support from the significant positive
correlation coefficients of available Zn with OC (r=0.56 in
surface soils and r=0.57 in sub surface soils) and also negative
correlations with soil pH (r=-0.17 in surface soils and r=-0.25 in
sub surface soils) as given in table 3. Organic matter besides
being a direct source of Zn, also to some extent, reduces soil
pH which increases Zn solubility. Also, it effects weathering of
Zn containing minerals and favours the formation of chelated
Zn. The results are in accordance with those of Muftuoglu et
al. (2004). On the whole, available soil Zn content in healthy
orchards ranged from 1.0-3.6 mg kg in surface soils to 0.67—
2.90 mg kg™ in sub surface soils with respective mean values
of 1.54 and 1.21 mg kg™. The respective ranges for unhealthy
orchards varied from 0.50-0.99 mg kg* and 0.40-0.83 mg
kg* having mean values of 0.70 mg kg* and 0.59 mg kg™.
Unhealthy orchard soils contained less amount of available
Zn than healthy ones. Soils containing less than 0.5 mg of
DTPA extractable Zn kg* of soil are generally classified as Zn
deficient soils (Mertens and Smolders, 2013). Some studies
define critical Zn deficiency in the range of 0.6-2.0 mg kg*
depending on the extraction method (Singh and Singh, 2005).
Taking 1.0 mg kg™ as the critical limit for available Zn (Viets and
Lindsay, 1973), 61.7% of the studied orchards fell in deficient
category while 39.3% belonged to sufficient category. These
figures are very close to the actual proportion of unhealthy
(56.7%) and healthy (43.3%) orchards selected for the present
studies. Healthy orchards were better managed with respect
to plant basin preparation, weed control, inter-cropping,
mulching and balanced fertilizer application of macro and
»
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micro nutrients. However, unhealthy ones were found to
be poorly managed and neglected due to majority of the
orchardists practising absentee farming. Fertiliser applications,
especially of micronutrients in these orchards were negligible.
Thus, continuous removal of Zn by plants in the absence of
adequate replenishment might have led to the deficient levels
of Zn in these soils.

3.3. Leaf Zn content

Leaf Zn content in healthy orchards of Bhaderwah, Ghatt,
Marmat, Thathri and Bhalessa blocks ranged from 28.7-37.5,
27.4-32.1, 28.1-30.1, 25.3-28.3 and 24.6-36.2 mg kg* with
respective mean values of 33.21, 29.26, 28.97, 26.47 and
30.54 mg kg? (Table 2). The unhealthy orchards of these
respective blocks contained Zn in the range of 14.0-27.2,
14.0-28.4, 12.9-25.8, 18.2-20.1 and 12.7-24.4 mg kg™ with
mean values of 20.03, 17.56, 21.3, 19.47 and 17.2 mg kg™.
The overall leaf Zn in normal healthy orchards ranged from
24.6-37.5 mg kgt whereas in unhealthy orchards, the range
was from 12.7-28.4 mg kg with corresponding mean values
of 30.36 and 19.25 mg kg*. Considering 28.0 mg kg™ (lower
limit of leaf Zn for healthy orchards associated with the
onset of visual symptoms) as critical leaf Zn level, 61.7% of
the studied orchards (same proportion as in case of available
Zn critical limit of 1.0 mg kg!) could be categorised as Zn
deficient. Sharma and Bhandari (1995) reported average leaf
Zn content of 31.7 mg kg to be sufficient for apple orchards
of Himachal Pradesh. Leaf Analysis Service Program in New
York State uses levels of 35-50 ppm as adequate and 20-35
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ppm as low leaf Zn status. The Zn content in leaves seems to
vary according to available Zn content in soils as revealed by
highly significant and positive correlation of leaf Zn with soil
Zn content both in surface (r=0.77) and sub surface (r=0.75)
soils (Table 3, Figure 1). Healthy orchards were found to have
higher leaf Zn status as compared to unhealthy ones. Similar

results were reported by Chaudhary and Sharma (2007) for
apple orchards of Himachal Pradesh.

Variations in Zn content in different orchards may be ascribed
to the different orchard management practices being followed
by the orchardists in different areas and also to some extent,
to the variations in soil physico-chemical. properties. Leaf Zn

Table 3: Correlation coefficients among studied parameters

Parameter pH ocC Available Zn Leaf Zn
(0-20cm) (20-40cm) (0-20cm)  (20-40cm) (0—20cm) (20-40cm)

pH (0-20 cm) 1.00 0.99™ -0.11 -0.15 -0.17 -0.25" -0.35"
(20-40 cm) 0.99™ 1.00 -0.12 -0.16 -0.17 -0.26" -0.35"

oC (0-20 cm) -0.11 -0.12 1.00 0.89™ 0.56™ 0.57"" 0.74™
(20-40 cm) -0.15 -0.16 0.89™ 1.00 0.52* 0.60™" 0.61""

Available Zn (0-20cm) -0.17 -0.17 0.56™ 0.52" 1.00 0.96™ 0.77"
(20-40 cm) -0.25" -0.26" 0.57* 0.60™ 0.96™ 1.00 0.75™

"p=0.01, *p=0.05, n=60
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Figure 1: Correlation between soil and leaf Zn content

content was significantly correlated with soil OC (r=0.74 for
surface soils and r=0.61 for sub surface soils) and pH (r=-0.35).
Ahigher pH soil has less availability of Zn than a lower pH soil
(Sadeghzadeh, 2013). Walter (1961) attributed such variations
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to certain factors like age of tree, season, year, size of crop
and different cultural treatments of the orchards.

Some apparently healthy trees had Zn levels lower than those
in unhealthy trees, as evidenced by lower limit of Zn in these
healthy trees being lower than the upper limit of unhealthy
trees. This might be probably a reflection of hidden hunger
for Zn (McCauley et al., 2009, Afghani and Hashimi, 2015)
due to interaction of Zn with other nutrient elements like
P, both in soil and plants and with environmental factor like
temperature or it could be some factor other than Zn that
was effecting symptom expression. Sivaraman and Mukherjee
(1970) reported that lower temperatures could induce severe
Zn deficiency in plants.

4. Conclusion

Healthy orchards showed higher Zn content as compared
to unhealthy ones, varying widely with locality. Zn content
in leaves correlated well with that in soils. Zn content in
soil and leaves was sufficiently reflected in the condition of
plants apparent as healthy or unhealthy. Levels of 1.0 mg kg*
available Zn and 28.0 mg kg™ leaf Zn could closely differentiate
apparently healthy and unhealthy orchards and may be used
as tentative Zn standards for study area.

5. Authors’ Contribution

Conceptualization of research work and designing of
experiment (SKC, NK, MK); Execution of field/lab experiments
and data collection (SKC, MK, SKS); Analysis of data and
interpretation (SKC, NK, MK, NS, SKS); Preparation of
manuscript (SKC, NK, MK, NS, SKS).

6. Acknowledgement

Authors acknowledge the supports from Regional Horticultural

114



International Journal of Economic Plants 2024, 11(2): 111-116

Research Sub Station-Bhaderwah, Sher-e-Kashmir University
of Agricultural Sciences and Technology-Jammu (Jammu and
Kashmir).

7. References

Afghani, A.K., Hashimi, M.H., 2015. Plant nutrients functions
and visual deficiency symptoms. Academic Magazine
14. Shaikh Zayed University Khost, Afghanistan, 73—88.

Anonymous, 2022. Year wise area and production data.
Directorate of Horticulture, Jammu and Kashmir, India.
Available from http://HortiKashmir.gov.in. Accessed on
30% January, 2024.

Barker, A.V., Pilbeam, D.J., 2015. Handbook of Plant Nutrition.
CRC press, Boca Raton, Fla, USA, 549.

Beyers, E., 1962. Diagnostic leaf analysis for deciduous fruit.
South African Journal of Agricultural Science 5(2),
315-329.

Brady, N.C., Weil, R., 2016. Nature and Properties of Soils.
The Pearson New International Edition. Pearson Higher
Ed, NY, 23.

Cabot, C., Martos, S., Llugany, M., Gallego, B., Tolra’, R.,
Poschenrieder, C., 2019. A role for zinc in plant defense
against pathogens and herbivores. Frontiers in Plant
Science 10, 1171. D0i:10.3389/fpls.2019.01171.

Chatterjee, C., Dube, B.K., 2004. Nutrient deficiency disorders
in vegetables and their management. In: Mukeriji,
K.G. (Ed.), Fruit and Vegetable Diseases. Disease
Management of Fruits and Vegetables Vol. I. Springer,
Dordrecht, 145-188. Doi: 10.1007/0-306-10-48575-3_5.

Chaudhary, S.K., Sharma, S.D., 2007. Zinc in soils and leaves
in relation to visual symptoms in apple orchards of
Himachal Pradesh. Annals of Plant and Soil Research
9,118-121.

Chellan, P., Sadler, P.J., 2015. The elements of life and
medicines. Philosophical Transactions A Mathematical,
Physical and Engineering Sciences 373, 20140182.
Do0i:10.1098/rsta.2014.0182.

de Mello Prado, R., 2021. Mineral Nutrition of Tropical Plants.
Springer Nature, 191-212, 279-312.

de Mello Prado, R., Rozane, D. E., 2020. Leaf analysis as
diagnostic tool for balanced fertilization in tropical fruits.
In: Srivastava, A. K., Hue, C. (Eds.), Fruit Crops - Diagnosis
and Management of Nutrient Constraints, 131-143.

Fageria, N.K., 2009. The Use of Nutrients in Crop Plants. CRC
press, Boca Raton, Fla, USA, 7.

Fageria, N.K., Baligar, V.C., Jones, C.A., 2011. Growth and
Mineral Nutrition of Field Crops (3™ Edn.). CRC Press,
Boca Raton, Fla, USA, 108-109.

Gulzar, S., Hassan, A., Nawchoo, I.A., 2020. A review of nutrient
stress modifications in plants, alleviation strategies,
and monitoring through remote sensing. In: Aftab, T.,
Hakeem, K.R. (Eds.), Plant Micronutrients. Springer,
Cham, 331-343. Doi: 10.1007/978-3-030-49856-6_14.

Hashimi, M.H., 2021. Morphological and physiological

»
&, © 2024 PP House

responses of maize (Zea mays L.) to zinc fertilization
in purple soils. (Masters dissertation), Southwest
University, Chongging, China, 5-17.

Jackson, M.L., 1973. Soil Chemical Analysis. Prentice Hall of
India Pvt. Ltd., New Delhi.

Karthika, K.S., Rashmi, I., Parvathi, M.S., 2018. Biological
functions, uptake and transport of essential nutrients
in relation to plant growth. Plant Nutrients and Abiotic
Stress Tolerance, 1-49. Doi: 10.1007/978-981-10-9044-
8 1.

Kathpalia, R., Bhatla, S.C., 2018. Plant mineral nutrition.
In: Bhatla, S. C., Lal, M. A. (Eds.), Plant Physiology,
Development and Metabolism. Springer Nature
Singapore Pte Ltd. 37-81.

Kenworthy, A.L., 1964. Fruit, Nut and Plantation Crops,
Deciduous and Evergreen - A guide for collecting foliar
samples for nutrient element analysis. Horticulture
Dept., Michigan State University, 1-39.

Khan, M., Ahmad, R., Khan, M.D., Rizwan, M., Ali, S., Khan,
M.J., Azam, M., Irum, G., Ahmad, M.N., Zhu, S., 2018.
In: Hasanuzzaman, M., Fujita, M., Oku, H., Nahar, K.,
Hawrylak-Nowak, B. (Eds.), Plant Nutrients and Abiotic
Stress Tolerance. Springer, Singapore, 137-151. Doi:
10.1007/978-981-10-9044-8_5.

Lindsay, W.L., 1972. Zinc in soils and plant nutrition. Advances
in Agronomy 24, 147-186.

Lindsay, W.L., Norvell, W.A., 1978. Development of DTPA soil
test for zinc, iron, manganese and copper. Soil Science
Society of America Journal 42, 421-428.

Mattiello, E.M., Ruiz, H.A., Neves, J.C., Ventrella, M.C., Araujo,
W.L., 2015. Zinc deficiency affects physiological and
anatomical characteristics in maize leaves. Journal
of Plant Physiology 183, 138-143. Doi: 10.1016/j.
jplph.2015.05.014.

McCauley, A., Jones, C., Jacobsen, J., 2009. Plant nutrient
functions and deficiency and toxicity symptoms.
Nutrient Management Module 9. Montana State
University Extension Publications, Bozman, MT, 1-16.

Mertens, J., Smolders, E., 2013. Zinc. In: Alloway, B.J. (Ed.),
Heavy Metals in Soils: Trace Metals and Metalloids
in Soils and their Bioavailability. Springer, Dordrecht,
Netherlands, 465—-493.

Mia, M.A.B., 2015. Nutrition of Crop Plants-Plant Science
Research and Practices. Nova Science Publishers Inc.,
168-170.

Muftuoglu, N.M., Demirer, T., Dardeniz, A., 2004. Nutritional
problems of cardinal grapes grown in Canakkale, Turkey.
Pakistan Journal of Botany 36(3), 567-575.

Nabi, B.B., Chand, S., Dar, M.A,, Farooq, K., 2020. Physico-
chemical properties of apple orchard (Red Delicious)
soils of Ganderbal district. Chemical Science Review
and Letters 9(36), 1026—1032. D0i:10.37273/chesci.
CS205110218.

Osman, K.T., 2013. Soils: Principles, Properties and

115



Chaudhary et al., 2024

Management. Springer Science and Business Media,
Dordrecht, 128. Doi: 10.1007/978-94-007-5663-2_9.

Ranganathswamy, M., Kadam, G.L., Jhala, Y.K., 2019. An
insight into mycorrhiza involved in building soil and
plant health. In: Panpatte, D., Jhala, Y. (Eds.), Soil Fertility
Management for Sustainable Development. Springer,
Singapore, 211-229. Doi: 10.1007/978-981-13-5904-
0_10.

Sadeghzadeh, B., 2013. A review of zinc nutrition and plant
breeding. Journal of Soil Science and Plant Nutrition 13(4),
905-927. Doi: 10.4067/50718-95162013005000072.

Sharma, J.C., Bhandari, A.R., 1995. Mineral nutrient status
of apple orchards in Himachal Pradesh. Journal of the
Indian Society of Soil Science 43, 236-241.

Singh, B., Singh, B., 2005. Improving zinc efficiency of cereals
under zinc deficiency. Current Science 88, 36—44.
Sivaraman Nair, P.C., Mukherjee, S.K., 1970. Studies of zinc
deficiency of citrus. | Cases of seasonal occurrence of

zinc deficiency. Horticultural Research 10, 1-13.

Smith, P.F., 1966. Leaf analysis of citrus. In: Childers, N. F.
(Ed.), Nutrition of Fruit Crops. Horticultural Publication,
Rutgers State University Press, New Buruskic USA,
208-288.

Stevens, G., Motavalli, P.P., Scharf, P.C., Nathan, M., Dunn,
D.D., 2002. Crop Nutrient Deficiencies and Toxicities.
MU Extension publications, University of Missouri-
Columbia, 1-20.

Viets, F.G. Jr. Lindsay, W.L., 1973. Testing soils for zinc, copper,
manganese and iron. In: Walsh, L. O., Beaton, J. D. (Eds.),
Soil Testing and Plant Analysis. Soil Science Society of
America Inc., Madison, Winconsin, USA.

Walter, R., 1961. Plant Analysis and Fertiliser Problems.
American Institute of Biological Sciences, Pub. No. 8,
Washington DC.

»
&, © 2024 PP House

Wani, S.A., Najar, G.R., Akhter, F., 2017. Characterization
of available nutrients that influence pear productivity
and quality in Jammu and Kashmir, India. Journal of
Environmental Biology 39(1), 37-41.

Wani, S.A., Najar, G.R., Akhter, F., Wani, M.A., Sajad, M.,
Rasool, R., 2016. Micro nutrient indexing of pear
orchards of Pulwama district in Jammu and Kashmir,
India. Biosciences Biotechnology Research Asia 13(4),
2303-2306. Doi: 10.13005/bbra/2397.

Wani, S.A., Najar, G.R., Padder, B.A., Akhter, F., Chand,
S., 2017. Altitudinal and depth-wise variation of soil
physico-chemical properties and available nutrients of
pear orchards in Jammu and Kashmir, India. Chemical
Science Review and Letters 6(23), 1638—1645.

Xie, R., Zhao, J., Ly, L., Ge, J., Brown, P.H., Wei, S., Wang, R.,
Qiao, Y., Webb, S.M., Tian, S., 2019. Efficient phloem
remobilization of zinc protects apple trees during the
early stages of zinc deficiency. Plant, Cell & Environment
42(12), 3167-3181. Doi: 10.1111/pce.13621.

Zafar-ul-Hye, M., Naeem, M., Danish, S., Fahad, S., Datta, R.,
Abbas, M., Rahi, A.A., Brtnicky, M., Holatko, J., Tarar,
Z.H., Nasir, M., 2020. Alleviation of cadmium adverse
effects by improving nutrients uptake in bitter gourd
through cadmium tolerant rhizobacteria. Environments
7(8), 54. Doi: 10.3390/environments7080054.

Zhao, K., Wu, Y., 2017. Effects of zinc deficiency and
bicarbonate on the growth and photosynthetic
characteristics of four plant species. PloS One 12(1),
€0169812. Doi: 10.1371/journal.pone.0169812.

116


http://dx.doi.org/10.13005/bbra/2397

