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Introduction

Mandarin (Citrus reticulata Blanco) is a wide-
spread fruit crop gaining popularity due to its 

economic and nutritional value. In the fruit industry, 

citrus occupies a promising position globally, includ-
ing Pakistan (Zhang et al., 2020; Shafiee et al., 2010). 
The citrus fruit is a very nutritious fruit having vita-
min C in high amounts and vitamin A and B in a de-
cent amount. Citrus fruit also contains calcium, iron, 
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magnesium, copper, manganese, and phosphorus. 
Mandarin cv. Kinnow is one of the most popular and 
economic citrus fruit not only in Pakistan but world-
wide. It has great economic value, and importance is 
established by its growth and production worldwide. 
Pakistan ranks at the 13th position by display (Iftikhar 
et al., 2020). 

Recently citrus production is hampered by citrus 
greening disease (CGD), also known as “Huanglong-
bing (HLB)” which has devastated citrus orchards 
in Pakistan (Iftikhar et al., 2016). CGD probably 
originated at the end of the 19th century in China 
(Stelinski, 2019; Batool et al., 2007), named yellow 
shoot disease. CGD is devastating and widely distrib-
uted around the globe in citrus-growing areas. It is 
caused by gram-negative uncultivable phloem limit-
ed bacterium, but it has been cultivated successfully 
on biofilms (Ha et al., 2019). Candidatus Liberibac-
ter has three strains (forms); Candidatus Liberibac-
ter asiaticus (Las) in Asia, Candidatus Liberibacter 
africanus (Laf ) in Africa; and the Candidatus Li-
beribacter americanus (Lam) originated from Amer-
ica and Barazil (Deng et al., 2019). Cochran report-
ed citrus greening in Pakistan in 1976 and later was 
confirmed and characterized by Akhtar and Ahmad 
(1999). Chohan et al. (2007) provided the molecular 
evidence of citrus greening in citrus groves of Paki-
stan. The citrus greening disease symptoms include 
chlorosis of leaves, blotchy mottle, pale yellow, and 
excessive falling of leaves. In addition, the leaves of 
the infected plants become upright. In severe cases, 
twigs decline and ultimately lead to citrus tree de-
cline at the later stages of infection (Bove, 2006). 

The transmission of citrus greening disease is through 
insect vector psyllid and vegetative propagation Two 
different strains of citrus psyllid Trioza erytreae and 
Diaphorina citri, transmit the disease in Africa and 
Asia, respectively (Martini et al., 2020). Furthermore, 
the disease might be symptomless for many years in 
a plant host because of long latent period. This reason 
has made citrus greening disease extremely difficult 
to control. Though there are several integrated disease 
management (IDM) strategies, including utilization 
of pesticides for controlling psyllid vectors, for lessen-
ing of inoculum expulsion of HLB symptomatic trees, 
geographical isolation, and certification of nursery for 
the proliferation of bud wood sources that are patho-
gen-free the most effective strategy is to increase the 
vigour and quality of citrus fruits by nutrient manage-
ment (Tran et al., 2020). Recently, foliar application 

of a few nourishing items, including micronutrients, 
has enhanced citrus fruits’ vigor and quality against 
the citrus greening disease (Wang, 2019; Bassanezi et 
al., 2011). In Pakistan, most studies focus on the inci-
dence and detection of citrus greening disease, and no 
reports are available regarding citrus greening disease 
management using nutrients (Giles, 2011). This study 
was aimed to manage the CGD through nutrition by 
enhancing the quality of citrus.

Materials and Methods

Collection of samples and disease severity 
Samples were collected from the citrus greening in-
fected trees of Kinnow based on symptomology and 
confirmed through the iodo-starch test. The trees 
were marked for nutritional application. Different 
Zinc sulphate concentrations (0.25 g/L, 0.5 g/L, 0.75 
g/L) and Manganese sulfate (0.25 g/L, 0.5 g/L, 0.75 
g/L) were applied on selected diseased plants in com-
bination, and the same treatments were repeated after 
15 days. Afterward, vegetative, physiological, and bio-
chemical parameters were observed and analyzed sta-
tistically. At the harvesting stage, 20 fruits with three 
replications were randomly collected and subjected 
to physical and biochemical analysis. Symptomology 
followed by the iodo-starch test was the basic crite-
rion for detecting disease (Saifullah et al., 2015). The 
fruits were collected based on a disease severity scale 
as mentioned previously (Akhtar and Ahmad, 1999).

Scale Disease severity
0 No symptoms on the fruits and leaves
1 Blotchy mottled leaves (25% leaves become infected)
2 Lopsided fruits and color inversion (25-50% sympto-

matic canopy)
3 51-75% Declined tree
4 > 75% Declined tree

Fruit diameter (mm) and fruit weight (g): To deter-
mine the diameter and weight, of 20 fruits samples 
were selected/tree, and fruit diameter was calculated 
through radius with the help of vernier calliper and 
weighed using a digital electric balance, and average 
fruits weight calculated as gram (g)/fruit. 

Number of healthy and aborted seeds per fruit: Cal-
culate the number of healthy and aborted seeds per 
fruit. Peeled fruits were sorted to count the aborted 
seeds. 

Flavedo and Albedo thickness (mm): The out-
er-colored layer of rind is called flavedo. Flavedo 
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thickness was measured in (mm) using a vernier calli-
per by separating the white layer of rind with a knife. 
The white inner layer of the rind is called albedo. It 
was measured by the difference of rind thickness mi-
nus flavedo thickness, and the result of albedo thick-
ness was expressed in (mm).

Juice percentage: About 20 harvested fruits were 
used to extract the juice. The extracts were then sieved 
to eliminate pulp and then weighed. Following for-
mula was used to obtains the average juice (%). 

Total soluble solids (TSS): TSS were calculat-
ed through refractometer (ATAGO, RX 5000). 
Readings given by the refractometer were expressed 
as a percentage (%) of TSS.

Ascorbic acid: The Ascorbic acid from juice were 
measured using the technique proposed by Ruck 
(1961). The following formula was used to measure 
the Ascorbic acid;

R1= dye (ml) used to titrate against VI of aliquot 
(sample reading), R= ml of dye used to titrate against 
2.5ml (1ml standard ascorbic acid+1.5Ml, 0.4% oxal-
ic acid) of reference solution (Standard reading), VI= 
ml of juice taken for titration, V= Volume of the ali-
quot made by 0.4% oxalic acid and W= ml of the juice 
takes.

Total sugars: The following formula was used for to-
tal sugars;

Total sugars (%) = 25 x (X/Z)
Where;
X= Volume (mL) of standard sugar solution titrat-
ed against 10 mL Fehling Solution and Z= Volume 
(mL) of sample aliquot used against 10 mL Fehling 
solution.

Sugars: Total sugars, non-reducing and reducing 
sugars were calculated followed the method elaborat-
ed by Hortwitz (1960). 

Reducing sugars: The formula to calculate reducing 
sugars is as follows;

Reducing sugars (%) = 6.25 x (X/Y)

X= Standard solution of sugar in ml used in titration 
against Fehling solution (10mL) and Y= Sample vol-
ume in ml used in titration against Fehling solution.

Non-reducing sugars: The formula to measure 
non-reducing sugar as previously described (Hortwitz, 
1960) is as follows;

Non-reducing sugars (%) = 0.95 x (Total inverted sugars 
% - Reducing sugars %)

Acidity percent (%): To determine titratable acidity 
(TA) of juice was expressed as a percentage and 
calculated by using the formula given below; 

Where;
Milli-equivalent weight of citric acid = 0.0064, Total 
volume (mL) = 30, Extract juice sample (mL) = 10 
and Volume of aliquot (mL) = 5 mL.

pH: The pH of each sample was estimated using a 
digital pH meter (HANA 8520, Japan).

Statistical analysis
Statistical software, Statistix 8.1, was used to analyze 
the data. The significance of treatments was deter-
mined using the analysis of variance (ANOVA). The 
least significant difference (Fisher’s protected LSD) 
test was used to compare the means of the treatments 
at P ≤ 0.05).

Results and Discussion

Citrus plants affected with the citrus greening disease 
were identified, and Iodo starch test was performed 
on the samples. An aqueous solution of each treat-
ment containing different micronutrients such as 
Zinc sulfate and Manganese sulfate was sprayed on 
the whole plant until the runoff to check the effect of 
micronutrients on citrus greening affected fruits.

Symptomology
Disease-specific symptoms of citrus greening were 
observed, as described previously by Polek et al. (2007) 
and Batool et al. (2007). Mottled leaves were observed 
on the infected trees and were exhibiting symptoms 
like Zinc deficiency. Infected fruits were poorly de-
veloped and lopsided. The infected fruits remain 
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Figure 1: Characteristic symptoms of HLB.

Figure 2: Infected leaves showing very intense dark grey to black 
color throughout the entire cut surface.

undeveloped and partially or entirely failed in attain-
ing natural orange fruit color (Figure 1). 

Iodo starch test
HLB-positive leaves had a dark grey to black color 
across the sliced surface. Only a small part of the mar-
gins of healthy leaves was discoloured, compared to 
the edges of HLB positive leaves samples (Figure 2).

Fruit diameter (mm) and fruit weight (g)
The fruits showing HLB disease symptoms were 
mostly small in size, green in color, underdeveloped, 
and not properly shaped (Shokrollah, 2011). Fruit di-
ameter is one of the most significant contributors to 
fruit production in Kinnow as fruit diameter and fruit 
weight is directly linked. Fruit diameter was signifi-
cantly enhanced in all the treatments compared to the 
control (Figure 3A) fruits. Highest fruit diameter was 
73.57 mm in ZnSO4 (0.75 g/L) + MnSO4 (0.75 g/L) 
followed by ZnSO4 (0.25 g/L) + MnSO4 (0.25 g/L) 
67.80 mm and ZnSO4 (0.50 g/L) + MnSO4 (0.50 
g/L) 65.87 mm. However, a minimum fruit diameter 
was observed in control (65.18 mm). The maximum 

diameter of fruit was observed where a foliar spray of 
two micronutrient ZnSO4 (0.75 g/L) + MnSO4 (0.75 
g/L) was applied, and the least diameter is noticed in 
control where plants were kept unsprayed. It may be 
argued that the increase in fruit diameter is due to cell 
division and enlargement by the application of Zn 
and Mn on Kinnow fruits (Shukla, 2011; Salisbury 
and Ross, 1992). However, Zn has a vital role in the 
production of tryptophan, a forerunner in creating 
indole acetic acid responsible for development and 
growth (Cakmak et al., 1989). It has been previously 
reported that Zinc or Boron’s foliar spray significantly 
increased the fruit diameter of mandarin and sweet 
orange (Razzaq et al., 2013). The current study also 
supports the findings of Babu and Yadav (2005), who 
investigated the effects of micronutrients (MgSO4, 
ZnSO4, and MnSO4) on fruit quality and found that 
those nutrients increased the fruit diameter of Kin-
now mandarin. Moreover, fruit weight, peel thickness 
and size of fruit was also increased and this might be 
due to tryptophan (Cakmak et al., 1989), involved in 
the development of fruit growth. The micronutrients’ 
treatments improved the fruit weight in comparison 
with control. Maximum fruit weight was observed in 
ZnSO4 (0.75 g/L) + MnSO4 (0.75 g/L) 143.00 g fol-
lowed by in ZnSO4 (0.25 g/L) + MnSO4 (0.25 g/L) 
139.26 g and ZnSO4 (0.50 g/L) + MnSO4 (0.50 g/L) 
139.07 g. However, minimum fruit weight was ob-
served in control (132.15 g) (Figure 3B). The maxi-
mum fruit weight was measured in T4 followed by T3, 
T2, and the least fruit weight was noticed in control, 
where no micronutrient was applied by foliar applica-
tion. It may be argued that an increase in fruit size is 
owing to Zn and Mn foliar sprays might be ascribed 
to their role in harmonizing the dietary position of 
citrus as the increase in fruit weight is due to cell 
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Figure 3: Impact of zinc sulphate (ZnSO4) and manganese sulphate (MnSO4) treatments on fruit (A) diameter and (B) weight.

Figure 4:  Impact of zinc sulphate (ZnSO4) and manganese sulphate (MnSO4) treatments on Flavedo (A)and Albedo thickness (B).

division and enlargement by the application of Zn 
and Mn on Kinnow fruits. The above findings were in 
contrast to the findings of Razzaq et al. (2013) where 
peel thickness was increased in application of 0.4% 
ZnSO4 as compared to control.

Flavedo and albedo thickness (mm)
It was reported that peel thickness expressively im-
proved amongst mandarin-treated fruits diseased by 
HLB (Shokrollah et al., 2011). Our results contrast 
with all of the previous findings. It might be due to a 
cultivar change or a difference in the fruiting stage at 
which micronutrients have been applied. We found 
that Zinc sulphate and Manganese sulphate have a 
highly significant effect on flavedo thickness. In Kin-

now fruits, the flavedo thickness was increased due 
to foliar application of plant growth elicitors (Lee 
and Kader, 1993). The current study was also sup-
ported by the findings of Thomas and Lovatt (2004). 
Maximum flavedo thickness of fruit was observed 
ZnSO4 (0.75 g/L) + MnSO4 (0.75 g/L) 2.78mm fol-
lowed by control (2.22 mm) and ZnSO4 (0.25 g/L) 
+ MnSO4 (0.25 g/L) 1.96 mm. However, minimum 
flavedo thickness was observed in ZnSO4 (0.50 g/L) 
+ MnSO4 (0.50g/L) 1.86 mm (Figure 4A). Max-
imum value of albedo was noticed in control (1.99 
mm) as compared to other treatments followed by 
ZnSO4 (0.25 g/L) + MnSO4 (0.25 g/L) 1.90 mm and 
ZnSO4 (0.75 g/L) + MnSO4 (0.75 g/L) 1.47 mm. As 
well as a minimum value of albedo was observed in 
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Figure 5: Impact of zinc sulphate (ZnSO4) and manganese sulphate (MnSO4) treatments on healthy (A) and aborted (B) seeds.

Figure 6: Impact of zinc sulphate (ZnSO4) and manganese sulphate 
(MnSO4) treatments on juice %.

ZnSO4 (0.50 g/L) + MnSO4 (0.50 g/L) 1.39 mm as 
compared to other treatments (Figure 4B). 

Healthy and aborted seeds
Zinc has an important micro-nutrient for synthe-
sis of protein, production of seed and rate of plants’ 
maturity (Swietlik, 2002). However, we found that 
micronutrients did not significantly affect healthy 
seeds. Maximum number of healthy seeds of fruit 
was observed in ZnSO4 (0.75 g/L) + MnSO4 (0.75 
g/L) 11.78 seeds followed by in ZnSO4 (0.25 g/L) + 
MnSO4 (0.25 g/L) 11.74 seeds and in ZnSO4 (0.50 
g/L) + MnSO4 (0.50 g/L) 11.26 seeds. However, a 
minimum number of healthy seeds were observed in 
the control (10.93 seeds) (Figure 5A). Seed abortion 
is common in HLB-infected citrus trees (Batool et al., 
2007). HLB infected fruit develop poor color, smaller 

size, and mostly contain partially or completely abort-
ed seeds, and HLB infected fruit has few numbers of 
total seeds per fruit (Albrecht and Bowman, 2008). 
Aborted seeds were non-significantly influenced by 
applying Zinc sulphate (ZnSO4) and Manganese sul-
phate (MnSO4). Maximum number of aborted seed 
were observed in control (16.85 seeds) followed by 
ZnSO4 (0.25 g/L) + MnSO4 (0.25 g/L) 16.59 abort-
ed seeds and ZnSO4 (0.50 g/L) + MnSO4 (0.50 g/L) 
16.22 aborted seeds. However, the least number of 
aborted seeds were noticed in ZnSO4 (0.75 g/L) + 
MnSO4 (0.75 g/L) 15.67 aborted seeds (Figure 5B). 
Our results support the findings of Razzaq et al. 
(2013) that fruit picked from those trees that were 
foliar fertilized with Zn have not shown any substan-
tial variation in the weight of seed, the quantity of 
vigorous, and the number of aborted seeds.

Juice percentage (%)
Maximum Juice % of fruit was observed in ZnSO4 
(0.75 g/L) + MnSO4 (0.75 g/L) 42.18% followed by 
control (37.11%) and ZnSO4 (0.25 g/L) + MnSO4 
(0.25 g/L) 36.86%. However, minimum juice % was 
observed in ZnSO4 (0.50 g/L) + MnSO4 (0.50 g/L) 
34.86% (Figure 6). We found that micronutrients did 
not have a significant effect on juice. The foliar appli-
cation of different nutrients like magnesium, copper, 
zinc, iron and boron increased the quantity and qual-
ity of juice (Suresh et al., 2018).

Total soluble solids (TSS)
The TTS measurement is a significant factor for the 
superiority of citrus fruits. High TSS means virtuous 
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Figure 7: Impact of zinc sulphate (ZnSO4) and manganese sulphate (MnSO4) treatments on TSS (A) and TA Ratio (B).

superiority fruit and vice versa. Maximum TSS of 
fruit was observed in ZnSO4 (0.75 g/L) + MnSO4 
(0.75 g/L) 8.98 Brix followed by ZnSO4 (0.50 g/L) 
+ MnSO4 (0.50 g/L) 8.65 Brix and in ZnSO4 (0.25 
g/L) + MnSO4 (0.25 g/L) 8.40brix. However, min-
imum TSS was observed in the control treatment 
(8.15 Brix) (Figure 7A). As we compare our results, 
TSS significantly increased by the foliar spray of 
ZnSO4 and MnSO4. Our results support the results 
of Srivastava and Gupta (1996). 

TSS/TA Ratio
The rise in TSS /TA ratio using foliar Zinc sulphate 
might be credited to their properties on different en-
zymes responsible for developing sugars, proteins, 
and acids (Srivastava and Gupta, 1996). Maximum 
TSS/TA of fruit was observed in ZnSO4 (0.75 g/L) 
+ MnSO4 (0.75 g/L) 13.07 followed by ZnSO4 (0.50 
g/L) + MnSO4 (0.50 g/L) 10.47 ZnSO4 (0.25 g/L) + 
MnSO4 (0.25 g/L) 9.27. However, minimum TSS/
TA was observed in the control treatment (7.75) (Fig-
ure 7B). The maximum TSS/TA was observed in T4, 
and the least was observed in the control treatment. 
The following findings justify Dawood et al. (2001) 
findings that TSS /TA proportion could be improved 
using Zinc sulphate in mandarin.

Ascorbic acid
Ascorbic acid (vitamin C) substance in fruit differs 
in fixation for different citrus species. Ascorbic acid 
is influenced by the ecological elements, time of fruit 
collecting, plant vigour, the plant, and micronutrients 
and PGRs (Iglesias, 2007). Maximum ascorbic acid 

of fruit was observed in ZnSO4 (0.75 g/L) + MnSO4 
(0.75 g/L) 37.14%, followed by ZnSO4 (0.25 g/L) + 
MnSO4 (0.25 g/L) 36.12% and in control (34.28%). 
However, minimum ascorbic acid was observed in 
ZnSO4 (0.50 g/L) + MnSO4 (0.50 g/L) 33.06% 
(Figure 8A). Our findings justify El-Menshawi et al. 
(1997) that foliar application of Zn raised the ascor-
bic acid contents in citrus.

Total sugars
Total sugars were non-significantly influenced by 
applying Zinc sulphate (ZnSO4) and Manganese 
sulphate (MnSO4). Maximum total sugars of fruit 
were observed in control (9.80%), followed by ZnSO4 
(0.75 g/L) + MnSO4 (0.75 g/L) 9.52% and ZnSO4 
(0.25 g/L) + MnSO4 (0.25 g/L) (9.48%). However, 
minimum total sugar was observed in ZnSO4 (0.50 
g/L) + MnSO4 (0.50 g/L) 8.98% (Figure 8B). Our re-
sults regarding total sugars were non-significantly in-
fluenced by the application of Zinc sulphate (ZnSO4) 
and Manganese sulphate (MnSO4). Our results were 
found in contrast to the results of Babu and Yadav, 
(2005), who reported that Zn and Mn, Mg and B, 
improved the total sugars % in Khasi mandarin. The 
total and non-reducing sugars have a role in starch 
metabolism and biochemical reactions in plants (Al-
loway, 2008).

Reducing sugars
Reducing sugars were non-significantly influenced 
by applying Zinc sulphate (ZnSO4) and Manga-
nese sulphate (MnSO4). Maximum reducing sugars 
of fruit was observed in control (5.58%), followed 
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Figure 8: Impact of zinc sulphate (ZnSO4) and manganese sulphate (MnSO4) treatments on ascorbic acid (A) and Total sugars (B).

Figure 9: Impact of zinc sulphate (ZnSO4) and manganese sulphate (MnSO4) treatments on reducing (A) and non-reducing (B) sugar.

by in ZnSO4 (0.25 g/L) + MnSO4 (0.25 g/L) 5.42% 
and ZnSO4 (0.75 g/L) + MnSO4 (0.75 g/L) 5.25%. 
However, minimum reducing sugars was observed in 
ZnSO4 (0.50 g/L) + MnSO4 (0.50 g/L) 4.95% (Fig-
ure 9A). Our results justify the results of Tariq et al. 
(2007). They resulted that in sweet orange and man-
darin, the application of Mn, Zn, and B through foliar 
spray did not reduce sugars.

Non-Reducing sugars
Non-reducing sugars were non-significantly influ-
enced by applying Zinc sulphate (ZnSO4) and Man-
ganese sulphate (MnSO4). Maximum non-reducing 
sugars of fruit was observed in ZnSO4 (0.75 g/L) 
+ MnSO4 (0.75 g/L) 4.27%, followed by control 

(4.22%) and ZnSO4 (0.25 g/L) + MnSO4 (0.25 g/L) 
4.07%. However, minimum non-reducing sugars was 
observed in ZnSO4 (0.50 g/L) + MnSO4 (0.50 g/L) 
4.03% (Figure 9B). Our results revealed that non-re-
ducing sugars were non-significantly increaed due to 
foliar application of ZnSO4 and MnSO4. Our results 
were in accordance with Tariq et al. (2007), who ob-
served the same trend for reducing and non-reducing 
sugar after the micro-nutrients application.

Acidity percent (%)
An investigation of HLB contaminated and non-in-
fected Kinnow mandarins discovered low soluble 
solids and high acidity in HLB infected fruits as 
compared to healthy (Kapur et al., 1978). Maximum 
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Figure 10: Impact of zinc sulphate (ZnSO4) and manganese sulphate (MnSO4) treatments on Juice pH (A) and Acidity percent (%) (B).

acidity (%) of fruit was observed in control (0.95%) 
followed by ZnSO4 (0.25 g/L) + MnSO4 (0.25 g/L) 
0.80% and ZnSO4 (0.50 g/L) + MnSO4 (0.50 g/L) 
0.72%. However, minimum acidity (%) was observed 
in ZnSO4 (0.75 g/L) + MnSO4 (0.75 g/L) 0.61% 
(Figure 10A). Our results showed that titratable acid-
ity significantly decreases by the foliar spray of micro-
nutrients. Ilame and Singh (2018) observed similar 
findings that minimum acidity was noticed with Zinc 
alone combined with growth regulators.

pH
Maximum pH of fruit was observed in ZnSO4 (0.75 
g/L) + MnSO4 (0.75 g/L) 4.18, followed by control 
(4.23) and ZnSO4 (0.25 g/L) + MnSO4 (0.25 g/L) 
4.15. However, minimum pH was observed in ZnSO4 
(0.50 g/L) + (MnSO4 0.50 g/L) 4.08 (Figure 10B). 
Our results micronutrients have a significant effect 
on pH. Our results also supported by the findings of 
Razzaq et al. (2013), reported that foliar Zn increased 
fruit production and fruit quality of kinnow manda-
rin. Moreover, Zn had an impact on vitamin C and 
pH (Ashraf et al., 2013).

Conclusions and Recommendations

In conclusion, foliar spray of ZnSO4 and MnSO4 on 
the HLB infected fruits significantly increased the 
fruit diameter, fruit weight, total soluble solids, flave-
do thickness, ascorbic acids, juice percentages, TSS/
TA ratio and titratable acidity. Among the treatments, 
the treatment (0.75g/L) was the best performing 
treatment in increasing these parameters. However, 
reducing and non-reducing sugars were not signifi-

cantly influenced. Moreover, research is required to 
investigate how effectively Zinc sulphate and Manga-
nese sulphate, as well as other micro and macronutri-
ents, improve the quality of citrus greening diseased 
Kinnow mandarin fruit at different doses and times 
of application. 
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