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Abstract. Mineral nutrients are important factors in plant-disease interactions. Experiments were 

conducted under Completely Randomized Block Design (CRD) with three replications to find out the 

alterations in mineral status of citrus leaves infected with the canker. Leaves of susceptible (Grapefruit, 

Succari, Kinnow) and resistant (Kumquat, Jaffa, China lemon) varieties of inoculated and un-inoculated 

citrus plant leaves from 6 varieties were collected and analyzed by using Nested Structured Design to 

check the ionic status of nutrients and minerals. Variations (p ≤ 5) were observed in the mineral status 

among the treatment groups (Un-inoculated and inoculated), types (susceptible and resistant) and in the 

citrus varieties in response of citrus canker infection. Resistant type of plants expressed 6.88, 1.39, 8.33, 

2.19, 1.84, 1.46, 1.56, 2.82 and 1.89 while susceptible type expressed 5.39, 1.13, 5.90, 1.89, 1.44, 1.11, 

1.03, 1.81 and 0.92 variations in concentration of N and P (%) while K, Ca, Mg, Na, Zn, Fe and Cu in 

(ppm) respectively. Susceptible varieties accumulated lower concentrations as compared to resistant 

varieties which have an increased level of minerals. Plants become more prone to pathogen infection due 

to the deficiency of these nutrients which help the plants in restricting the pathogens. 

Keywords: citrus canker, mineral nutrients, plant-disease interaction, CRD, nested structured design 

Introduction 

Citrus is the most important cash and fruit crop grown all over the world. It grows best 

under tropical and subtropical ecological conditions (Jagtap et al., 2012; Wali et al., 2013). 

Worldwide, its total production estimated at 115 Million Metric Tons (MMT) while in case 

of Pakistan, it was 3.6 MMT (Memon, 2017). Citrus has much supplementary usage in 

various kinds of food and beverages having traditionally medicinal values (Gurib, 2006). 

Citrus is valuable due to its rich nutritional grade and is more precious because of its highly 

dietary status. It has large amount of sugars, amino acids, organic acids, vitamins, 

antioxidants like flavonoides, terpenes, macro and micronutrients minerals (calcium, 

magnesium) along with rich source of vitamin C (Ladaniya et al., 2010). In Pakistan, citrus 

area is 20.7 million hectares with 36 million tons production (Memon, 2017). Pakistan 

earned 17.78 billion Pakistani rupees (PKR) by exporting 3.8 million tonns kinnow during 

the year of 2017 (Memon, 2017). Citrus is spoiled by nearly one hundred and fifty 

pathogens and disorders caused by fungal, viral and bacterial diseases like canker, greening 

(HLB), scab, gummosis, whithertip, greecy spot, black spot, decline and citrus tristeza virus 
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which results in severe losses but canker caused by Xanthomonas axonopodis pv. citri 

(Xac) is one of the major threat among all the constraints faced by the citrus crop in 

Pakistan (Ware, 2015). Pakistan which is one of the major exporters of citrus in the world, 

facing a huge economic losses due to this disease. During 2015-16, 144 consignments of 

citrus were rejected by the European Union due to the infection of Xac (Pervaiz, 2015). 

Overall, the yield losses due to canker is increasing day by day (Sahi et al., 2007). 

Bacteria gain entry in to the leaves through stomata, wounds/injuries and penetrate into 

the intercellular spaces of leaves and attaches to the mesophyll cells using type III secretary 

system and releases effecter proteins (toxins) which causes hypertrophy, hyperplasia and 

and causes multiple infection and produces water soaked lesion with yellow hollow. 

Epidermis gets raised and began to rupture. After two weeks of infection, the watery lesions 

began to dry and form necrotic lesions. Copper-based chemicals are used in conventional 

management of canker. No doubt, these chemicals expressed quick response against canker 

but are not eco-friendly and have ill effects on human health. So, there is dire need to 

develop an alternate strategy which should be cost effective with least residual effects and is 

eco-friendly (Kumar et al., 2011). Xac forms a bio film on leaf surface and gains entry in to 

leaves via natural leaf openings or the wounds. Upon bacterial invasion the defense 

mechanism of plant which is composed of a series of well coordinated molecular networks 

is triggered, various transcriptomic reprogramming events, ultra-structural reinforcements 

and physiological changes takes place in a series of defense related events. The first line of 

plant’s defence involves production of reactive oxygen species (ROS) as a part of PAMP-

Triggered immunity (PTI). The second line of defense is triggered when certain pathogen 

effecter molecules are recognized by the R gene products which results in multiple 

responses including HR response and programmed cell death for pathogen confinement and 

preventing disease spread (Roeschlin et al., 2017). 

Mineral nutrients are essential not only for plant growth and development but also play 

an important role in plant-disease interaction as well as in reducing disease to a tolerable 

level (Bradbury, 2016). Nutrients are not responsible for disease severity and resistance but 

they also take part in the disease development by fluctuating the functioning of the plants or 

the expansion of disease (Arshadi et al., 2013). Sometime, these nutrients may increase the 

plant growth which ultimately effects the pathogenic infection and their deficiency also 

takes the plant towards susceptibility against the pathogen (Bruning and Gabriel, 2003). In 

the same way these nutrients influence the disease susceptibility by inducing the chemical 

alterations in the host plant (Mubeen et al., 2015). When a pathogen attacks, it affects the 

physiology of plant and reduced nutrient uptake, assimilation, absorption, mobility and their 

consumption. In diseased tissues, translocation or consumption of nutrients are influenced 

by pathogens, result in nutrient deficiencies. These nutrients have a sound effect on all the 

key components which play role in the disease severity. Besides, plants have more chances 

of damage by pathogens that suffer with low level of nutrients which are necessary for 

building cell walls and other structural tissues (Ryan et al., 2011). In most of the bacterial 

diseases of plants, pathogen enter and multiply in to the host through the xylum vessels 

which is the main system for transportation of water and nutrients from the roots to the 

leaves (Honger et al., 2016). The presence of these pathogenic bacteria produce ooze and 

slime within the vessels which causing blockage of nutrients, produce rough water soaked 

lesions on the leaves and after on surface of fruits. Some plant nutrients play a vital role in 

reducing the capability of bacteria to produce vessels blocking slime (Spann and Schumann, 

2010). In sustainable agriculture, management of nutrients has received little attention for 

control of disease. The physiological functions of plant nutrients are generally well 
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understood but still there is a little knowledge regarding the relationship between plant-

pathogens and nutrients. It is reported that fundamental essential macro and micro nutrients 

for healthy citrus plants are N, P, K, Mg, Fe, Ca, S, Zn, Cu and B (Zekri and Obreza, 2015). 

Pathogen uses these nutrients in their growth and development, reduced their accessibility 

to the host plants and enhancing susceptibility of plant towards various infections (Sahi et 

al., 2010). Enhancement of plant health is an effective way of combating citrus canker. 

When bacteria attack on citrus plant, it induces different changes in its metabolism. It 

interferes with its defense mechanism by disturbing its ionic content which ultimately leads 

to disease development. A method for the enrichment of plant health and strengthening its 

defense mechanism against the pathogen attack is to analyze the mineral profile of healthy 

and diseased plants. The present study was designed to find out the biochemical alterations 

happened after the disease attack in citrus plants to pave the way towards successful 

management of citrus canker. For this purpose, mineral profiling of inoculated and un-

inoculated plants of susceptible and resistant citrus varieties was conducted. 

Materials and methods 

One year old seedlings of six varieties (Grape fruit, Succari, Kinnow, Kumquat, Jaffa 

and China lemon) were collected from the research area Institute of Horticultural 

Science, University of Agriculture Faisalabad (UAF). All varieties were sown in three 

replications in pots (30 × 15 cm) containing field soil (sandy clay) previously sterilized 

by drenching 1% solution of formaline using a Completely Randomized Block Design 

(CRD) in the green house, research area of Department of Plant Pathology UAF. All the 

recommended horticultural practices were exercised including the doses of fertilizers 

and number of irrigations to keep the plants in healthy condition. Soil health analysis 

was also done to fulfill all requirements of minerals. A standard soil mix (2:1 clay and 

sand) was used in all experiments. The soil mixture tested 73 lb./acre phosphorus, 

242 lb./acre exchangeable potassium. It was partially sterilized by (i) autoclaving for 2 h 

at 121 °C and 15 psi (ii) fumigating in a sealed plastic container in which 1% formalin 

solution injected. The soil mixtures were aerated for seven days after treatment. Leaves 

showed characteristics symptoms of canker were collected in brown paper bags (10” × 

12”) from research area of Institute of Horticultural Sciences and brought to the citrus 

pathology lab to isolate Xac by using streaking method. Nutrient Agar (NA) media 

(Beef extract 3 g, Peptone 5 g, Glucose 2.5 g and Agar 15 g, 1000 ml distilled water for 

1 L media) was used to isolate Xac. For the preparation of inoculums for pathogencity, 

bacterial culture was grown overnight in 10 ml nutrient broth at 25 °C and put on shaker 

(RTSK-0300, Robus United Kingdom) at 200 rpm. Inoculum was measured equivalent 

to 108 colony-forming units (cfu) per ml with the help of spectrophotometer (Hitachi U-

2001, model 121-003) (Francis et al., 2010). Inoculation was done at morning in the 

green house by using syringe method (using a 1 cm3 needleless tuberculin syringe). 

Bacterial suspension (approximately 2 μl) was infiltrated into the leaf until the water-

soaked area reached about 6 mm in diameter. Three areas on each side of the leaf mid-

vein were infiltrated. Disease incidence was confirmed via Koch’s postulates (Juhasz et 

al., 2013). For mineral analysis, total 300 samples (150 inoculated & 150 un-

inoculated), 50 (25 healthy & 25 diseased) from each variety one time after inoculation 

were collected. Disease symptoms were appeared on the susceptible and resistant type 

of varieties after the inoculation (Fig. 1). 
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Figure 1. Disease symptoms after the inoculation of Xac on susceptible (left) and resistant 

(right) varieties 

 

 

Estimation of mineral gradient in citrus cultivar 

The leaves samples comprising of inoculated and un-inoculated groups both from 

resistant and susceptible reaction types were taken, stored in the refrigerator 

(Dawlance DW 550) and standard analytical method were employed for the 

determination of different biochemical compound via ‘Nested Structured Design 

(Gomez and Gomez, 1984). Leaves were surface sterilized by using 0.2% NaOCl 

solution to eliminate all debris, followed by washing with 0.8% HCL solution (to 

remove metallic contamination from them) and then with de-ionized water (to get rid 

of previous two solutions). After this, leaves were first air dried, later placed inside 

brown paper bags (23 × 15 cm) and then subjected to oven (BST/HAO-1122) drying 

at 70 °C for 3 days (72 h approx.) to attain a constant weight. After drying the leaf 

samples were grind in to a fine powder by using sterilized mortar and pestle. After 

thoroughly grinding, samples (100 mg) were boiled in 10 ml of 1.4 M nitric acid  on 

a hotplate (TH-550; Advantec, Tokyo, Japan) at 100 °C for 25-30 min. The solution 

was left for cooling, afterwards the sample suspension was diluted up to 250 time 

using distilled water and analysis for determining concentrations of key elements 

including; N, P, K, Zn, Mg, Ca, Fe and Na were done by following Bhargava and 

Raghupathi (1995) method. Potassium, Zinc, Magnesium, Calcium, Iron and Sodium 

contents were measured on ppm (parts per million) while Nitrogen and Phosphorus 

were recorded on percent basis. 

 

Estimation of phosphorus from citrus leaves 

Sample solution of 0.1 ml was prepared by wet digestion method. Solution was 

taken in a volumetric flask (ASTM-E288) and 1 ml of ammonium molybdate reagent 

[(NH4)6Mo7O24.4H20] along with 8.6 ml of distilled water was added. Amino 

nephtholsulphonic acid (C10H9NO4S) was added after swirling the flask to mix 

solution. Sample solution placed at 720 nm on a spectrophotometer (Hitachi U-2001, 

model 121-003) and absorbency was measured by using distilled water as a reagent 

blank. Absorbency was compared to previously prepared standard curve (Bolts and 

Mellon, 1948; Fiske and Subbarow, 1925) by atomic absorption spectrometer 

(Hitachi polarized Zeeman) for determination of phosphorous concentration. 
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Determination of potassium and sodium from leaves of diseased and healthy citrus 

plants 

Determination of sodium and potassium contents was done by using Flame 

phorometer (PFP-7, Janway). Potassium chloride and sodium chloride were used as 

standards for the measurement of K and Na respectively. Four concentrations 10, 20, 30 

and 40 ppm for both potassium and sodium were used for preparing the standard curves. 

Fresh working standards were prepared immediately before use. 

 

Estimation of copper, magnesium, iron, calcium and zinc from citrus leaves 

Determination of Calcium (Ca), Magnesium (Mg), iron (Fe), Copper (Cu) and zinc 

(Zn) was done using a spectrophotometer (Hitachi U-2001, model 121-003). Standards 

that used for the estimation of these ions were Iron sulphate (FeSO4), Magnesium 

sulphate (MgSO4), Zinc oxide (ZnO), Calcium chloride (CaCl2) and Copper sulphate 

(CuSO4). For obtaining standard curves, concentrations 10, 20, 40, 80 and 100 ppm for 

Ca; 2, 2.5, 3, and 3.5 ppm for Cu; 5, 10, 15 and 20 ppm for Mg; 0.2, 0.3, 0.5 and 2 ppm 

for zinc and 1, 2 and 3 ppm for iron were used. Standard solutions were prepared just 

before this activity. Atomic absorption spectrophotometer (GA 3202 HGA) was used 

for the analysis of these minerals both from resistant and healthy cultivars of citrus. 

 

Estimation of total nitrogen from diseased and healthy citrus leaves 

Determination of total nitrogen from the sample was done by using Micro Kjeldahl 

method (46MC; Quickfit, England) (Kjeldahl, 1983). Proper amount of sample was 

oven-dried (D6450 Hanus; Heraeus) and taken in long neck Kjeldahl flask. 

Concentrated sulphuric acid of 25 ml and five grams of digestion mixture containing 

K2SO4 and CuSO4 was added. For boiling of the sample, Digestion hood (KB8S 

Kjeldatherm) was used. Contents of flask were distilled by using distilled water in 

250 ml volumetric flask (ASTM-E288). 10 ml of this solution was distilled in micro 

Kjeldhal distillation apparatus (VAP20, Garhardt) in the presence of 10 ml of 40% 

sodium hydroxide (NaOH) solution. Ammonia produce in this reaction which was 

collected in a beaker containing 10 ml of 2% boric acid (H3BO3) solution. Boric acid 

with two drops of methyl red was used as an indicator. The solution was titrated against 

standard 0.1N sulphuric acid to light pink point. Equation 1 was used to calculate the 

percentage of nitrogen. 

 

 2 40.1 N H SO 0.0014 250
 Nitrogen % 100

WI 100

 
= 


 (Eq.1) 

 

Total percentage of crude protein present in sample was estimated using Equation 2. 

 

 Crude protein = Nitrogen % × 6.25 (Eq.2) 

 

Statistical analysis 

The plant samples (all varieties) were divided in 2 groups i.e. un-inoculated and 

inoculated. Further each group contained of 2 reaction types: i) resistant, ii) susceptible, 

three susceptible citrus varieties were used: Grapefruit, Succari and Kinnow and three 

resistant varieties Kumquat, Jaffa and China lemon. Leaves sample of un-inoculated and 
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inoculated plants from resistant varieties with a disease incidence ranging from 0-5% 

and susceptible plants showing above 25% incidence were acquired from the research 

area Department of Plant pathology near Center of Advanced Studies (CAS) University 

of Agriculture Faisalabad during 2018. For estimation of mineral contents, standard 

analytical methods via Nested Structured Design (Gomez and Gomez, 1984) were used 

and data were statistically analyzed by using PROC MiXED procedure of the Statistical 

Analysis System (SAS, 2009). 

Results 

Determination of minerals contents of N, P, K, Na, Zn, Ca, Mg, Fe and Cu from 

inoculated and un-inoculated citrus plant 

Samples of un-inoculated and inoculated with Xac both from susceptible and 

resistant plants were addressed for the determination of N, P, K, Ca, Mg, Na, Zn, Fe and 

Cu. Inoculated and un-inoculated citrus varieties expressed significant variations (on an 

average 3.31% across inoculated plants) and (on an average 8.91% across un-inoculated 

plants) which point out that nitrogen contents were clearly affected by the attack of Xac. 

Resistant and susceptible type showed 6.88% and 5.39% variation at p ≤ 0.05 and 

“Type” Component expressed 92.41% total variance. Total nitrogen variability which 

variety exhibited was 0.83% (Table 1). Resistant cultivar “Kumquat” displayed 

maximum nitrogen amount at 7.23% and susceptible cultivar “Grape fruit” minimum at 

5.20% (Table 2). In case of phosphorus, there was seen a significant variation between 

inoculated (0.68%) and un-inoculated (1.81%) cultivars during the infection. Resistant 

and susceptible varieties showed total variance of 93.00% with 1.39% and 1.13% on 

individual basis respectively at p ≤ 0.05 while the variance between the varieties that 

observed was 1.40%. Maximum and minimum concentrations of phosphorus were 

accounted by Jaffa (1.46%) and China lemon (1.00%) respectively (Tables 3 and 4). 

Total variability of potassium contents exhibited by the group was 11.09 and in case of 

type were 88.61% on canker infection (Table 5). Resistant and susceptible varieties 

showed significant variation averaging 8.33 and 5.90 ppm respectively. Inoculated 

(3.58 ppm) and un-inoculated (10.65 ppm) citrus cultivars also expressed significant 

variation under Xac infection. Resistant cultivar named as kumquat displayed maximum 

potassium concentration (8.60 ppm) while minimum concentration of potassium was 

expressed by Grape fruit (5.66 ppm) at p ≤ 0.05 (Table 6). 

Regarding the calcium concentration, statistically significant difference was attained 

by the group having total variance of 4.08% (on an average 1.36 ppm in case of 

inoculated citrus plants and 2.11 ppm for un-inoculated plants) as shown in Table 7. In 

the same way, resistant cultivars expressed 2.19 ppm while susceptible cultivars showed 

1.89 ppm variation as compared to the types which had 91.84% variability in the result 

of canker infection at p ≤ 0.05. Significant variation was also expressed by the varieties 

with the amount of 1.46% of the total variance. Calcium concentrations of 2.26, 2.11, 

and 2.19 ppm were showed by Kumquat, Jaffa, and China lemon (resistant types), while 

1.75, 1.86, and 2.06 ppm concentrations were shown by susceptible varieties Grape 

fruit, Succari, and Kinnow, respectively as given in Table 8. Magnesium articulated a 

total variability of 4.93% with a significant variation between the inoculated (0.63 ppm) 

and un-inoculated (2.65 ppm) under the disease conditions. On an average, 1.84 ppm 

and 1.44 ppm were observed in case resistant and susceptible citrus varieties 

respectively with a total variation of 93.27%. Varieties showed a total variance of 
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0.72 ppm for magnesium. Resistant variety Kumquat expressed maximum concentration 

of magnesium with 1.90 ppm and susceptible variety Grape fruit showed minimum 

magnesium contents with amount of 1.19 ppm (Tables 9 and 10). 

In group, sodium concentration had significant variation in inoculated and un-

inoculated citrus varieties expressed (on average 0.62% across inoculated plants) and 

(on average 1.95% across uninoculated plant) as given in Table 11 and significant 

variations (92.19%) were attained by resistant and susceptible cultivar averaging 

1.46 ppm and 1.11 ppm respectively. Kumquat with 1.60 ppm and Grape fruit with 

1.03 ppm expressed maximum and minimum sodium concentration (Table 12). 

 
Table 1. Nested ANOVA of mineral concentrations of nitrogen in inoculated and un-

inoculated citrus plant leaves 

Nitrogen (%) 

SOV DF SS MS F value Pr > F 
Variance 

component 
% of total 

Type (A) 1 845.712 845.712 27.457 0.035* 15.091 92.41 

Group (B) 2 61.603 30.801 25.163 0.000* 1.095 6.71 

Variety (C) 8 9.792 1.224 135.849 0.000* 0.135 0.83 

Error 96 0.865 0.009 - - 0.009 0.06 

Total 107 917.973 - - - 16.330 - 

*Significant 

 

 
Table 2. Amount of nitrogen in reaction groups (inoculated and un-inoculated), types 

(resistant and susceptible) and in varieties of citrus plant leaves 

Nitrogen (%) 

Varieties (C) Kumquat Jaffa China Lemon Grape fruit Succari Kinnow 

Type (A) Resistant Susceptible 

Group (B) Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. 

Amount of N 

in (C) 
4.12 10.3 3.63 9.36 3.96 9.85 2.46 7.96 2.80 8.15 3.16 7.80 

Av. amount 

of N in (C) 
7.23 6.49 6.91 5.20 5.47 5.48 

Av. amount 

of N in (A) 
Resistant = 6.88 Susceptible = 5.39 

Av. amount 

of N in (B) 
Un-inoculated = 8.91 Inoculated = 3.31  

 

 
Table 3. Nested ANOVA of mineral concentrations of phosphorus in inoculated and un-

inoculated citrus plant leaves 

Phosphorus (%) 

SOV DF SS MS F value Pr > F 
Variance 

component 
% of total 

Type (A) 1 34.566 34.566 32.205 0.030* 0.620 93.00 

Group (B) 2 2.146 1.073 12.668 0.003* 0.037 5.49 

Variety (C) 8 0.677 0.084 111.594 0.000* 0.009 1.40 

Error 96 0.072 0.000 - - 0.001 0.11 

Total 107 37.464  - - 0.667 - 

*Significant 
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Table 4. Amount of phosphorus in reaction groups (inoculated and un-inoculated), types 

(resistant and susceptible) and in varieties of citrus plant leaves 

Phosphorus (%) 

Varieties (C) Kumquat Jaffa China Lemon Grape fruit Succari Kinnow 

Type (A) Resistant Susceptible 

Group (B) Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. 

Amount of N 

in (C) 
0.82 1.98 0.76 1.85 0.84 2.07 0.45 1.55 0.55 1.67 0.78 1.76 

Av. amount 

of N in (C) 
1.40 1.30 1.46 1.00 1.11 1.27 

Av. amount 

of N in (A) 
Resistant = 1.39 Susceptible = 1.13 

Av. amount 

of N in (B) 
Un-inoculated = 1.81 Inoculated = 0.68  

 

 
Table 5. Nested ANOVA of mineral concentrations of potassium in inoculated and un-

inoculated citrus plant leaves 

Potassium (ppm) 

SOV DF SS MS F value Pr > F 
Variance 

component 
% of total 

Type (A) 1 1351.077 1351.077 16.834 0.055 23.534 88.61 

Group (B) 2 160.513 80.256 113.793 0.000* 2.946 11.09 

Variety (C) 8 5.642 0.705 600.956 0.000* 0.078 0.29 

Error 96 0.1127 0.001 - - 0.001 0.00 

Total 107 1517.346 - - - 26.559 - 

*Significant 

 

 
Table 6. Amount of potassium in reaction groups (inoculated and uninoculated), types 

(resistant and susceptible) and in varieties of citrus plant leaves 

Potassium (ppm) 

Varieties (C) Kumquat Jaffa China Lemon Grape fruit Succari Kinnow 

Type (A) Resistant Susceptible 

Group (B) Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. 

Amount of N 

in (C) 
5.08 12.12 4.34 11.71 4.77 11.97 2.25 9.07 2.68 9.11 2.36 9.40 

Av. amount 

of N in (C) 
8.60 8.02 8.37 5.66 6.16 5.88 

Av. amount 

of N in (A) 
Resistant = 8.33 Susceptible = 5.90 

Av. amount 

of N in (B) 
Un-inoculated = 10.65 Inoculated = 3.58  
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Table 7. Nested ANOVA of mineral concentrations of calcium in inoculated and un-

inoculated citrus plant leaves 

Calcium (ppm) 

SOV DF SS MS F value Pr > F 
Variance 

component 
% of total 

Type (A) 1 49.410 49.410 40.390 0.024* 0.892 91.84 

Group (B) 2 2.446 1.223 8.002 0.012* 0.040 4.08 

Variety (C) 8 1.223 0.152 6.011 0.000* 0.014 1.46 

Error 96 2.441 0.025 - - 0.025 2.62 

Total 107 55.521 - - - 0.972 - 

*Significant 

 

 
Table 8. Amount of calcium in reaction groups (inoculated and un-inoculated), types 

(resistant and susceptible) and in varieties of citrus plant leaves 

Calcium (ppm) 

Varieties (C) Kumquat Jaffa China Lemon Grape fruit Succari Kinnow 

Type (A) Resistant Susceptible 

Group (B) Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. 

Amount of N 

in (C) 
1.59 2.94 1.39 2.83 1.49 2.88 1.05 2.44 1.17 2.55 1.47 2.65 

Av. amount 

of N in (C) 
2.26 2.11 2.19 1.75 1.86 2.06 

Av. amount 

of N in (A) 
Resistant = 2.19 Susceptible = 1.89 

Av. amount 

of N in (B) 
Un-inoculated = 2.11 Inoculated = 1.36  

 

 
Table 9. Nested ANOVA of mineral concentrations of magnesium in inoculated and un-

inoculated citrus plant leaves 

Magnesium (ppm) 

SOV DF SS MS F value Pr > F 
Variance 

component 
% of total 

Type (A) 1 104.725 104.725 36.827 0.026* 1.887 93.27 

Group (B) 2 5.687 2.843 18.499 0.001* 0.100 4.93 

Variety (C) 8 1.229 0.153 7.065 0.000* 0.015 0.72 

Error 96 2.088 0.021 - - 0.022 1.08 

Total 107 113.731 - - - 2.023 - 

* = Significant 
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Table 10. Amount of magnesium in reaction groups (inoculated and un-inoculated), types 

(resistant and susceptible) and in varieties of citrus plant leaves 

Magnesium (ppm) 

Varieties (C) Kumquat Jaffa China Lemon Grape fruit Succari Kinnow 

Type (A) Resistant Susceptible 

Group (B) Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. 

Amount of N 

in (C) 
0.74 3.06 0.65 2.93 0.83 2.82 0.45 2.13 0.56 2.33 0.70 2.47 

Av. amount 

of N in (C) 
1.90 1.78 1.82 1.29 1.45 1.59 

Av. amount 

of N in (A) 
Resistant = 1.84 Susceptible = 1.44 

Av. amount 

of N in (B) 
Un-inoculated = 2.62 Inoculated = 0.65  

 

 
Table 11. Nested ANOVA of mineral concentrations of sodium in inoculated and un-

inoculated citrus plant leaves 

Sodium (ppm) 

SOV DF SS MS F value Pr > F 
Variance 

component 
% of total 

Type (A) 1 47.733 47.733 28.194 0.034* 0.853 92.19 

Group (B) 2 3.386 1.693 13.945 0.002* 0.058 6.29 

Variety (C) 8 0.971 0.121 193.395 0.000* 0.013 1.45 

Error 96 0.060 0.000 - - 0.001 0.07 

Total 107 52.151 - - - 0.925 - 

*Significant 

 

 
Table 12. Amount of sodium in reaction groups (inoculated and un-inoculated), types 

(resistant and susceptible) and in varieties of citrus plant leaves 

Sodium (ppm) 

Varieties (C) Kumquat Jaffa China Lemon Grape fruit Succari Kinnow 

Type (A) Resistant Susceptible 

Group (B) Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. 

Amount of N 

in (C) 
0.95 2.25 0.63 2.05 0.72 2.16 0.44 1.64 0.55 1.85 0.44 1.75 

Av. amount 

of N in (C) 
1.60 1.34 1.44 1.03 1.20 1.09 

Av. amount 

of N in (A) 
Resistant = 1.46 Susceptible = 1.11 

Av. amount 

of N in (B) 
Un-inoculated = 1.95 Inoculated = 0.62  
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In case of zinc, significant variation was displayed by the inoculated and un-

inoculated citrus plants with the amount of 0.41 ppm and 2.19 ppm respectively 

(Table 13). Likewise, significant variation was also observed in resistant (1.56 ppm) 

and susceptible (1.03 ppm) citrus plants with total variability of about 86.06 of zinc. 

Kumquat (1.68 ppm) showed maximum concentration of zinc while Grape fruit 

(0.92 ppm) expressed minimum zinc concentration (Table 14). 15.82, 83.24 and 

0.91% total variability was observed in groups, type and varieties respectively in case 

of iron contents under the disease stress conditions (Table 15). Minimum and 

maximum iron concentration was showed by Grape fruit (1.60 ppm) and Jaffa (2.65 

ppm) respectively (Table 16). Both inoculated (1.67 ppm) and un-inoculated (2.14 

ppm) citrus plant leaves showed significant variation in cupper contents on pathogen 

infection. Resistant and susceptible plant also expressed significant variations of 1.89 

and 0.92 ppm respectively with 59.87% of the total variance. Varieties showed a total 

variance of 1.89 ppm for copper. Kumquat (2.05 ppm) and Grape fruit (0.79 ppm) 

displayed their maximum and minimum concentration of copper contents after the 

attack of Xac. (Tables 17 and 18). 

 
Table 13. Nested ANOVA of mineral concentrations of zinc in inoculated and un-inoculated 

citrus plant leaves 

Zinc (ppm) 

SOV DF SS MS F value Pr > F 
Variance 

component 
% of total 

Type (A) 1 84.388 84.388 14.277 0.043* 1.453 86.06 

Group (B) 2 11.821 5.910 27.234 0.000* 0.211 12.49 

Variety (C) 8 1.736 0.217 477.795 0.000* 0.024 1.43 

Error 96 0.043 0.000 - - 0.000 0.03 

Total 107 97.989 - - - 1.689 - 

*Significant 

 

 
Table 14. Amount of zinc in reaction groups (inoculated and un-inoculated), types (resistant 

and susceptible) and in varieties of citrus plant leaves 

Zinc (ppm) 

Varieties (C) Kumquat Jaffa China Lemon Grape fruit Succari Kinnow 

Type (A) Resistant Susceptible 

Group (B) Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. 

Amount of N 

in (C) 
0.50 2.87 0.46 2.43 0.49 2.63 0.31 1.54 0.34 1.65 0.35 1.96 

Av. amount 

of N in (C) 
1.68 1.44 1.56 0.92 0.99 1.15 

Av. amount 

of N in (A) 
Resistant = 1.56 Susceptible = 1.03 

Av. amount 

of N in (B) 
Un-inoculated = 2.19 Inoculated = 0.41  
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Table 15. Nested ANOVA of mineral concentrations of iron in inoculated and un-inoculated 

citrus plant leaves 

Iron (ppm) 

SOV DF SS MS F value Pr > F 
Variance 

component 
% of total 

Type (A) 1 171.032 171.032 11.324 0.048* 2.888 83.24 

Group (B) 2 30.208 15.104 52.905 0.000* 0.549 15.82 

Variety (C) 8 2.284 0.285 325.848 0.000* 0.032 0.91 

Error 96 0.084 0.000 - - 0.001 0.03 

Total 107 203.608 - - - 3.469 - 

*Significant 

 

 
Table 16. Amount of Iron in reaction groups (inoculated and un-inoculated), types (resistant 

and susceptible) and in varieties of citrus plant leaves 

Iron (ppm) 

Varieties (C) Kumquat Jaffa China Lemon Grape fruit Succari Kinnow 

Type (A) Resistant Susceptible 

Group (B) Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. 

Amount of N 

in (C) 
1.55 4.39 1.24 4.06 1.42 4.25 0.55 2.97 0.71 2.94 0.85 3.13 

Av. amount 

of N in (C) 
2.97 2.65 2.84 1.60 1.83 1.99 

Av. amount 

of N in (A) 
Resistant = 2.82 Susceptible = 1.81 

Av. amount 

of N in (B) 
Un-inoculated = 3.57 Inoculated = 1.05 

 

 
Table 17. Nested ANOVA of mineral concentrations of cupper in inoculated and un-

inoculated citrus plant leaves 

Cupper (ppm) 

SOV DF SS MS F value Pr > F 
Variance 

component 
% of total 

Type (A) 1 58.904 58.904 4.085 0.041* 0.824 59.87 

Group (B) 2 28.840 14.420 61.560 0.000* 0.525 38.19 

Variety (C) 8 1.874 0.234 292.980 0.000* 0.026 1.89 

Error 96 0.076 0.000 - - 0.001 0.06 

Total 107 89.695 - - - 1.376 - 

*Significant 
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Table 18. Amount of copper in reaction groups (inoculated and un-inoculated), types 

(resistant and susceptible) and in varieties of citrus plant leaves 

Copper (ppm) 

Varieties (C) Kumquat Jaffa China Lemon Grape fruit Succari Kinnow 

Type (A) Resistant Susceptible 

Group (B) Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. Inoc. Uninoc. 

Amount of N 

in (C) 
1.09 3.01 0.86 2.54 1.01 2.85 0.25 1.34 0.36 1.46 0.42 1.66 

Av. amount 

of N in (C) 
2.05 1.70 1.93 0.79 0.91 1.04 

Av. amount 

of N in (A) 
Resistant = 1.89 Susceptible = 0.92 

Av. amount 

of N in (B) 
Un-inoculated = 2.14 Inoculated = 0.67  

Discussion 

Mineral nutrients have a crucial role to play in plant- disease interaction. Determination 

of the effects of nutrients on disease development is based upon some major factors like 

concentration and forms of elements, disease type and weather conditions. Disease severity 

can be reduced by the accurate provision of nutrients and by understanding the dynamics 

between the nutritional status of plants and pathogens (Vandermeer et al., 2010). 

Establishment of pathogen on host surface, rate of penetration and development of disease 

are depending upon histological or morphological attributes of plant which are influenced 

by nutritional status of plant. Different types of nutrients have a distinct impact on 

resistance/susceptibility of host and virulence of pathogens which lead towards various 

kinds of alterations and consequences in the form of stresses (Bhaduri et al., 2014). Plants 

need balanced and in time availability of all required nutrients for their growth and 

development. This plant are more resistant against the various types of biotic and abiotic 

stresses, protected from new pathogenic infections and also enables to restrict existing 

infection better than the plants received deficient from proper nutrients supply. In the 

present study, nutritional requirements like N, P, K, Ca, Mg, Zn, Fe, Cu and B of citrus 

plant leaves for their growth and development was observed. 

In plants, nitrogen is a major element for many compounds of great significance such as 

protein, coenzymes, amino acid, amides, nucleic acids, nucleotides, chlorophyll, cytosine 

and auxins (Lakitan, 2007). Nitrogen deficiency in plant happens due to the excessive run-

off and leaching. Plants responded abruptly to the application of nitrogen because it 

required for normal growth and development (Spann and Schumann, 2010). Its deficiency 

produces many other symptoms while excess availability of nitrogen also favors some 

diseases in plants (Dordas, 2008). In present study, it was observed that inoculated citrus 

varieties contained less amount of nitrogen while un-inoculated and resistant cultivars have 

high nitrogen contents that were also witnessed by Zekri and Obreza (2015). 

Plants get high energy compounds like phospholipids, nucleic acids, coenzymes NAD, 

NADP, ATP and several others by the utilization of phosphorus (Huber and Graham, 

1999; Spann and Schumann, 2010). Better root development due to the phosphorus 

nutrition may survive plants from the attack of various pathogens (Huber, 2007). In the 

current study, there was a clear difference of phosphorus accumulation in inoculated and 
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uninoculated plants of both resistant and susceptible varieties. Findings of this study 

associated with the conclusions of Amusa et al. (2005), who experienced variations in 

phosphorus concentration between inoculated and un-inoculated plant. 

Potassium is essential in enzyme activation; many of these enzymes are involved in 

carbohydrate metabolism. It is also helpful in controlling different plant diseases and pests. 

In the cellular functions, potassium acts as a mobile regulator for several activities of 

enzymes which ultimately reduces overall severity of disease. Nitrogen balances with the 

potassium particularly affect plants susceptibility against the disease (Dordas, 2008). 

Further, potassium has a great influence on plant physiological functions like hardening of 

tissues, opening of stomata, rate of photosynthesis and infestation degree of intensity 

(Huber and Graham, 1999; Rice, 2007; Spann and Schumann, 2010). Disease 

susceptibility is also linked with the deficiency of potassium because it has major role in 

plant metabolism. Under its deficiency, the synthesis of starch, protein and cellulose is 

impaired. In current study, we found that un-inoculated and resistant citrus varieties 

contained more potassium concentration as compare to the inoculated and diseased 

varieties which is also confirmed by Olanya et al. (2000). Sodium is taken up by the plants 

in the form of Na+ and great variations were observed in inoculated and un-inoculated 

citrus varieties during this study. Susceptible and infected citrus varieties accumulated less 

sodium concentration than resistant and un-infected varieties. Closely related findings were 

reported by Jadon and Shah (2012) which verify the findings of ongoing study. 

Calcium is absorbed by the plant in the form of Ca+ cation and specifically used in 

growth of roots and leaves, microbial activities and in the uptake of other essential 

nutrients. It also helps in defense of plants against the penetration of pathogen and disease 

resistance. Calcium being a structural and functional component of plant cell wall and 

membrane acts as a secondary messenger within the symplast in signaling pathways 

(Rice, 2007). It also plays a key role in maintaining cell integrity and permeability 

because it is a main part of middle lamella in the form of calcium pectate (Spann and 

Schumann, 2010). Reduction in the concentration of calcium in plants leads towards the 

susceptibility against the disease. Calcium also act as a barrier in the regulation of sugars 

and amino acid molecules in between the cells (from the cytoplasm to the apoplast), 

which stimulate in the case of calcium reduction and increase the chance of pathogen 

infection (Marschner, 1995). In current studies, a reduction in calcium concentrations 

inside infected leaves of citrus plant were observed which was further confirmed and 

supported by the findings of Amusa et al. (2005). 

Magnesium takes part in chlorophyll synthesis, in photosynthesis as central atom for 

chlorophyll and in carbohydrates metabolism (Devlin and Witham, 1983; Spann and 

Schumann, 2010). Since Mg is a vital element of structural tissues and take part in different 

physiological and biochemical processes. It is necessary for integrity and safeguarding of 

ribosomes and is associated with growth factors, mitosis, protein level, carbohydrates 

metabolism and oxidative phosphorylation. It also takes part in respiration, DNA and RNA 

synthesis, energy transfer reactions and also acts as a co-factor for many enzymes 

(Marschner, 2011). In current study an increase in magnesium contents was observed in 

resistant and un-inoculated citrus plants as compare to the susceptible and inoculated 

varieties which showed a significant reduction in Mg contents due to the attack of pathogen 

and these results are in accordance with the conclusions of Jadon and Shah (2012). 

Zinc is important for plants due to its role in resistance to various plant diseases. It acts 

as a co-factor for various enzymes but the actual role in disease resistance is unclear 

(Rice, 2007). Application of zinc to the soils reduced the attack of root pathogens 
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especially in vegetable crops (Kalim et al., 2003). It plays a significant role in starch and 

protein formation. A considerable variation in zinc concentration was observed in citrus 

varieties where there was a less concentration of zinc in inoculated and susceptible 

varieties as compare to un-inoculated and resistant varieties. Results of present study is 

supported by the work of Marschner (1995) and Dordas (2008) who also reported 

decrease in concentration of Zn due to disease. 

Fe has a significant and lethal effect on the plant pathogens and its deficiency reduced 

the xylem lignifications (Evans et al., 2007). A clear variation was observed in the case of 

iron contents where leaves of un-inoculated and resistant citrus cultivars expressed high 

amount of Fe contents as compare to inoculated and susceptible one on the infection as 

witnessed by Zekri and Obreza (2003). It may due to the effect that plant pathogens 

generally have higher requirement of Fe and act as a virulence factor during the course of 

disease. The only justification may be the association of iron as a component of various 

flavoproteins (Metalloflavoproteins) which take part in biological oxidation and increase 

as a result of inoculation with the pathogen. Iron is found in iron-prophyrn proteins, which 

include cytochromes, peroxidases and catalases (these proteins may be responsible for 

increased catabolic activities in susceptible plants) and also act as a co-factor in reduction-

oxidation reactions (Devlin and Witham, 1983). Copper is an important component of 

lignin and have a key role in protein and carbohydrate metabolism and acts as catalyst in 

different metabolic activities of the plant (Imran and Gurmani, 2011). In current study, 

reduction in copper contents was observed on the attack of Xac. It was confirmed from this 

study that there is a relationship between nutrients and disease occurrence because 

pathogen wants nutrients for their growth. Same results of relationship between nutrients 

and disease severity were reported by Zekri and Obreza (2015). 

Conclusion 

Reduction in concentrations of minerals like nitrogen, phosphorus, potassium, calcium, 

magnesium, zinc, sodium, and copper in the diseased host plants were due to the 

utilization of minerals by the pathogen for its growth and survival. Timely provision of 

these macro and micro nutrients to plants is helpful in fortification of physical and 

biochemical processes of citrus plants and also in enhancing the resistance of plants 

against the canker. 
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