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ABSTRACT 
 
Infected and damaged root system of sweet oranges (Citrus sinensis Osbeck L.) budded on rough lemon (Citrus jambheri Lush.) in 
Punjab-Pakistan has been suspected to affect nutrient uptake due to rootstock susceptibility to soil born fungal diseases. The 
experiment was performed on 12-15 years old ‘Blood Red’ sweet orange ‘Blood Red’) trees of uniform size and vigour at the Fruit 
Garden Sq. 9, Institute of Horticultural Sciences, University of Agriculture, Faisalabad, Punjab, Pakistan. This study was conducted 
for consecutive two years. The objective of the research was to introduce sweet oranges in the main streamline of the citrus industry 
by improving their root health through fungicides treatments ultimately enhancing mineral nutrient uptake from the soil. The 
experiment was laid out according to Randomized Complete Block Design (RCBD) replicated thrice, taking a single tree as a treatment 
unit. The fungicides used in the experiment were Metalaxyl Mencozeb (Ridomil Gold), Fosetyl-Al (Alliette) and copper sulphate 
(CuSO4), in different combinations. Nutritional status of tree leaf macronutrients (N, P and K) and micronutrients (Mg, Fe, Mn, Cu and 
Zn) during flowering and final fruit set was evaluated at fortnight intervals with respect to different treatments. The different 
treatments enhanced nutrient uptake through roots and improved health and vigour of trees. It was more evident from the 
improvement of fruit quality and yield of treated trees compared with control. Although fungal analysis could not be performed, the 
improvement in general health and vigour of trees lead to the conclusion that root health was improved substantially. It might be 
concluded from this study that best orchard management emphasizing improvement in the root health could enhance the yield and 
quality of sweet oranges.  
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INTRODUCTION 
 
Pakistan has a variety of climates and topography, providing a 
conducive environment to the diversity of fruits, citrus being at 
the top. Annually, approximately 2.47 MMT citrus is produced 
from a total area of 181 thousand ha in Pakistan (AMIS, 2019). 
The citrus industry of Pakistan is dominated by 'Kinnow' 
mandarin (Ahmed et al., 2006, 2007; Khan et al., 2010) which 
needs diversification by successful cultivation of other species.  
Sweet oranges are the best choice after ‘Kinnow’ due to their 
refreshing taste. But, in spite of all this importance, sweet 
oranges have low yield and short production life which hinders 
their cultivation compared with ‘Kinnow’. 

 
The orange tree roots are mostly present in 2 feet deep top-soil 
with average depth of taproots up to 7-12 feet. Rough lemon 
rootstock has very vigorous root system spreading laterally with 
sparse feeder roots (Castle, 1980).  Besides other reasons for the 
low productivity of sweet oranges in Punjab, infected and 
damaged root system of sweet oranges has been suspected to 
affect nutrient uptake due to rough lemon rootstock that is 
susceptible to soil borne fungal diseases and this might be one of 
the main reasons of low productivity of sweet oranges (Saleem 
et al., 2004; Atta et al., 2020). Although, there are many soil-born 
fungal diseases affecting roots and aerial parts of the citrus tree 
especially in sweet orange, Phytophthora is the most prevailing 
fungus in citrus orchards affecting roots and trunk of tree being 
serious hurdle in good production of sweet oranges (Cohen et al., 
2003). Graham and Menge (1999) reported that this fungus 
causes serious soil borne diseases in all citrus growing regions 
and brings about considerable losses by declining canopy, 
defoliation, short growth flushes and partial girdling of large 
trees. Two systemic fungicides Fosetyl-Al and Metalaxyl are 
considered best for managing Phytophthora (Ippolito et al., 
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2000).  Soil application of fungicides has been effective in most 
of the experiments for improving root health. Ennab (2016) 
improved nutritional status of Eureka lemon trees through 
beneficial effects of organic fertilizers. May and Kimati (2000) 
found Metalaxyl drenching the best chemical for controlling the 
phytophthora. 
 
Previously, efforts have been made to enhance the fruit yield and 
quality of sweet oranges in Punjab, Pakistan (Malik et al., 1993; 
Saleem et al., 2011). Since, the root system of infected plant is 
impaired by fungal infections and nutrients uptake by these 
plants may be affected according to best of our observations. The 
infected roots certainly affected nutrients dynamics in sweet 
orange plants, thus an experiment was initiated targeting 
phytophthora infestations for correcting the health of ailing root 
system. Therefore, different soil treatments with different 
fungicides were tested to correct the health of declining ‘Blood 
Red’ sweet orange trees by improving root health and vigour to 
absorb nutrients properly. 
 
MATERIALS AND METHODS 
 

The experiment was performed on 12-15 years old sweet orange 
cv. ‘Blood Red’ orchard at the Fruit Garden Sq. 9, Institute of 
Horticultural Sciences, University of Agriculture, Faisalabad, 
Punjab, Pakistan. The experimental trees of uniform health, 
vigour, yield potential, grown under similar cultural and edaphic 
conditions with apparent symptoms of soil born Phytopthora 
fungus (as no analysis was performed) were selected for this 
experimental trial. The soil was loam low in organic matter 
contents and a benchmark analysis of soil nutrients status was 
made (Table 1). Randomized complete block design (RCBD) was 
followed with 3 replications. A single tree was selected as a 
treatment unit and 12 branches (of 2.5 cm diameter) per 
treatment (three from each side of the tree) were tagged for data 
collection. 
 

Soil application of different fungicides was performed before 
sprouting of plants as described by Saleem et al. (2004) along 
with recommended fertilizer applications. Following treatment 
combinations were used in the experiment: 
 

T0 Control 
T1 70 g Ridomil tree-1 
T2 70 g Ridomil + 50 g CuSO4 tree-1 
T3 70 g Ridomil + 75 g CuSO4 + 20g Alliette tree-1 
T4 20 g Alliette + 100 g CuSO4 tree-1 
T5 20 g Alliette + 125 g CuSO4 tree-1 
T6 20 g Alliette + 70 g Ridomil tree-1 
T7 T3 + Foliar spray of 2.5 g L-1 Alliette 
T8 T3 + Foliar spray of 3.0 g L-1 Alliette 
 

Leaf samples for determination of macronutrients (N, P, and K) 
and micronutrient (Zn, Fe, Mg, Mn, and Cu) were collected at four 
intervals i.e., before fertilizer application, 15 days after fertilizer 
application (DAF), full bloom and sprouting, 30 DAF (during fruit 
set), 45 DAF, fruit growth stage. 
 
Leaf sample collection and  leaf nutrient analysis were 
recorded following the procedure explained by Saleem et al. 
(2008). The data were subjected to ANOVA using RCBD. The 

response of experimental trees to different treatments was 
evaluated using MSTAT-C (Freed and Scott, 1986), and Duncan’s 
multiple test was used to compare the differences among the 
treatment means at P ≤ 0.05.  
 

RESULTS AND DISCUSSION 
 

Fungicides application and nitrogen (N) content 
 

The results regarding analysis of N during the year I and year II 
are depicted by graphic representation in Fig. 1. Data for two 
years were not pooled since means for two years were not 
homogenous. Statistical analysis of the data revealed that during 
the year I there were significant periodic differences in leaf N 
concentrations, while there were non-significant differences 
among treatments compared with control. In year II, leaf N 
contents were not significantly changed during the period of 
analysis, however treatments were significantly different 
compared with control. N is an integral part of amino acids and 
proteins and therefore is vital for the growth and development 
of citrus trees. An adequate amount of N is required for attaining 
commercially acceptable growth and yields (Davies and Albrigo, 
1994). This study reported that fungicidal treatment under the 
canopy of tree did not influence root N uptake. All the trees had 
the same capacity of nutrients uptake by roots irrespective of the 
fungicide treatments. Earlier in peas, overall uptake of nutrients 
was not affected by the fungicide application and the mild root 
damage did not affect plant growth of peas which might be due 
to the fertile soil along with the application of recommended 
NPK fertilizers (Schweiger et al., 2001). The leaf N concentration 
ranged 1.70 – 2.55 % during the year I and 2.4 – 3.55 % during 
year II which was normal to excess as reported by Obreza et al. 
(1999). In the year I, there was no increase after fertilizer 
application, but all the trees regained their original status of N 
content. However, during the year II, the second year of 
experimentation, the leaf concentration was in an excess range 
mostly after fertilizer treatment which was retained onward. 
The better leaf N status after one year might be due to better 
nutrition management of orchard under experimentation and 
decrease in leaf N during growth period during the year I might 
be due to less availability of soil N in previous years. The 
response of fungicides soil application in this regard was not 
significant compared with control which could be due to the 
reason that tree root system was not affected by pathogens 
(especially Phytophthora) to that extent to significantly affect 

Table 1: Soil analysis of the experimental orchard. 
Soil depth (cm) 0-9 9-18 18-30 
Soil texture Loam Loam Loam 
pH (1:2.5) 8.4 8.5 8.13 
Ece (dsm-1) 0.4 0.37 0.35 
Exch. Na 0.3 0.3 0.3 
Organic matter (%) 0.92 0.9 0.81 
N (%) 0.058 0.046 0.031 
P (mg/L) 8 9 8.5 
Exch. K (mg/L) 170 170 165 
Ca+Mg (me L-1 soluble) 5.2 5.88 7.85 
Fe (mg/L) 5.75 5 5.44 
Zn (mg/L) 0.73 0.68 0.68 
Mn (mg/L) 2.5 2.41 2 
Cu (mg/L) 0.34 0.31 0.31 
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nutrient uptake or there might be stored metabolites to maintain 
the supply of necessary nutrients to trees (Matheron et al., 
1997). 
 
Fungicides application and phosphorous (P) content 
 

The leaf phosphorus content for both of years is depicted in Fig. 
2. Statistical analysis showed that during both years’ leaf 
phosphorus contents were significantly changed periodically 
without any significant difference among treatments compared 
with control. A perusal of the Fig. 2, regarding the year I and the 
year II revealed that before treatment application (end of Feb, 0 
DAF), the P status of trees in all the trees was same. However, 
during full bloom (15 March, 15 DAF), there was an increase in 
P level compared with previous fortnight and significant 
differences occurred in treatments compared with control with 
maximum leaf P, in R+75g C+A+2.5g, treatment, statistically 
similar to R+75g C+A+ 3g and A+R in both years. At fruit set (31 
March, 30 DAF), P contents resumed the previous position as 
before treatment application (end Feb, 0 DAF) having a 
maximum concentration in R+75g C+A+2.5g treated trees 
during both the years of study, which was significantly different 
compared with control, while all other treatments were 
statistically at par. It was noted that P status remained mostly 

constant during the whole period of sampling, except slight and 
temporary increase after fertilizer application during the period 
of full bloom (15 March, 15 DAF). The citrus needs less P than 
many other cultivated plants (Davies and Albrigo, 1994). The 
response of P uptake by roots with respect to fungicides 
treatments was same as in case of N, however, the periodic 
changes in leaf P status were negligible, except for a slight 
increase after fertilizer treatment. In a previous study on sweet 
lime, it was demonstrated that leaf P concentration was uniform 
during the whole period of study from 1985 to 1988 (Chaudhary, 
1988) that is in line with our study showing no difference in leaf 
P concentrations during both years of experimentation. The 
determined P values compared with the standards suggested by 
Zekri and Obreza (2019) and Obreza et al. (1999) showed that 
the experimental trees generally had this element in optimum 
range during both the years. According to previous reports 
(Darvas, 1984), the higher N concentration could have a 
depressing effect on P during year II, but it was not confirmed in 
our study which might be due to optimum soil application of 
fertilizers.   
 

Fungicides application and potassium (K) content 
 

The effect of fungicides application under the canopy of the tree 

 

 
Figure 1: Influence of soil drenching of fungicides on leaf N 
status of ‘Blood Red’ sweet orange (± s.e.). R = 70 g Ridomil Gold, 
C = CuSO4, A= 20 g Alliete, 2.5 A= 2.5 g L-1 Alliete, 3 A= 3 g L-1 
Alliete, DAF= Days after fertilizer application. 
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Figure 2: Influence of soil drenching of fungicides on leaf P 
status of ‘Blood Red’ sweet orange (± s.e.). R = 70 g Ridomil Gold, 
C = CuSO4, A= 20 g Alliete, 2.5 A= 2.5 g L-1 Alliete, 3 A= 3 g L-1 
Alliete, DAF= Days after fertilizer application. 
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on uptake of K and the behaviour of trees with regards to leaf K 
concentration was not uniform during both years (Fig. 3). In the 
year I, there was no significant periodic changes in leaf K 
concentration. However, significant differences among 
treatments were noted as compared with control. During year II 
there were significant differences among sampling periods and 
various treatments. All the treatments were overlapping each 
other and were statistically alike as compared with control and 
the leaf K status was the same as it was before treatment 
application. Regarding periodic changes, there was no uniform 
pattern of increase or decrease in K concentration during the 
first year of study. The leaf K concentrations at full bloom (15 
March, 15 DAF) and till petal fall (31 March, 30 DAF) were 
statistically alike and similar results were observed in the case 
of first (end of Feb) and last fortnight (15 April, 45 DAF) 
sampling. On the contrary, during year II there seems an 
increase in leaf K concentration after fertilizer application and 
then it resumed the same status as before fertilizer and 
treatment application. The range of concentration remained the 
same during both the years 0.90-1.4%. Leaf K has a substantial 
impact on fruit size and peel thickness, while little effect on the 
vegetative growth of citrus. The K status of sweet orange was 

uniform during whole period of experimentation with a little 
improvement in the year II and was independent of all the 
treatments of fungicides, which may be due to the reasons 
already discussed in the case of N and P. The leaf K levels in 
sweet orange leaves were below optimum according to 
standards suggested by Obreza et al. (1999). The K levels were 
independent of other nutrients and these results are according 
to a previous report Carpena et al. (1978), indicating that levels 
of different elements were independent of each other in ‘Vena’ 
lemon.  
 
Fungicides application and Magnesium (Mg) contents  
 
The leaf Mg contents were estimated only during year II and data 
is presented in Fig. 4, which revealed that the values of the Mg in 
‘Blood Red’ sweet orange leaves ranged between 0.40-0.90%. 
There were significant differences among treatments compared 
with control with non-significant periodic changes in leaf 
magnesium content. 
 
Before fungicides treatment application, the nutritional status of 
all the trees under experiment with respect to Mg was the same. 
On 15 March (full bloom, 15 DAF), maximum leaf Mg was 
observed in R+75g C+A, significantly different from all other 
treatments compared with control. Minimum leaf Mg was 
recorded in R+75g C+A+2.5g A treatment at par with A+R, R+50g 
C treatment. On 31 March (fruit set, 30 DAF), again maximum 
leaf Mg was noted in R+75g C+A statistically similar to A+R and 
R+75g C+A+3g A treatment, while minimum Mg was noted in 
R+75g C+A+2.5g A treatment compared with control. On 15 
April (rapid fruit growth, 45 DAF), maximum Mg in leaves was 
found in R+75g C+A+3g A treatment statistically similar to 
control trees. Minimum Mg was found in the leaves of trees 
treated with R+75g C+A treatment.  
The leaf Mg is essential for many enzyme reactions in the tree 
but is not limiting in many orchards where pH is regulated 
between 7 and 8.5. Mg deficiency decreases yield, tree vigour 
and freeze hardiness (Davies and Albrigo, 1994). Current study 
showed that there was no significant effect of fungicide 

 

 
Figure 3: Influence of soil drenching of fungicides on leaf K 
status of ‘Blood Red’ sweet orange (± s.e.). R = 70 g Ridomil Gold, 
C = CuSO4, A= 20 g Alliete, 2.5 A= 2.5 g L-1 Alliete, 3 A= 3 g L-1 
Alliete, DAF= Days after fertilizer application. 
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Figure 4: Influence of soil drenching of fungicides on leaf Mg 
status of ‘Blood Red’ sweet orange (± s.e.). R = 70 g Ridomil Gold, 
C = CuSO4, A= 20 g Alliete, 2.5 A= 2.5 g L-1 Alliete, 3 A= 3 g L-1 
Alliete, DAF= Days after fertilizer application. 
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treatments on leaf Mg concentration of sweet oranges, during 
the whole blooming period. The leaf Mg was found in excess in 
all the experimental trees according to standards reported by 
Obreza et al. (1999), which revealed a positive correlation of 
sweet orange leaves during the year II, which is in accordance 
with the reports of Khalidy and Nayyal (1973). 
 
Fungicides application and Iron (Fe) contents  
 
Results indicated that the leaf Fe concentration was lower (160-
240 mg/L mostly) during the year I and relatively higher (190-
265 mg/L) in year II (Fig. 5). There were significant periodic 
differences in leaf Fe concentrations during both the years, while 
the treatment effect was significant as compared with control 
during the year I. Non-significant differences were found as 
compared with control during the year II. The patterns of 
periodic changes in leaf Fe concentrations were also entirely 
different in the two seasons. During the year I, a slight increase 
was observed in concentrations after fertilizer application on 15 
March (15 DAF) and the leaf Fe status was declined to the level 
of before fertilizer and fungicides treatments applications. On 
the contrary, during year II, the concentrations were higher and 
the increment after fertilizer and fungicide application was 
maintained up to last fortnight (15 April, 45 DAF). 

All the treatments were statistically similar as leaf Fe status was 
before fertilizer and fungicide application. Overall, the leaf Fe 
level was in excess according to standards given by Obreza et al. 
(1999). These values of Fe concentration were however 
inconsistent and independent of all fungicide treatments. 
Although, there were significant differences between some 
treatments, but as a whole, most of the treatments were 
statistically alike as compared with control which were 191.2 
mg/L to 219.50 mg/L. The excess Fe might be due to better 
orchard management, sufficient amount present in the soil and 
good drainage of soil. Similarly, excessive Zn causes Fe 
deficiency (Rajput and Haribabu, 1985) but our experimental 
trees were found deficient in zinc that might be the reason of 
excess Fe in trees. 
 
Fungicides application and Zinc (Zn) contents  
 
The leaf analysis data regarding leaf Zn concentrations in ‘Blood 
Red’ sweet orange are displayed in Fig. 6. During the year I, 
periodic changes in leaf zinc concentration were significant with 
significant differences among treatments compared with 
control, while in year II there were no significant differences 
among periodic leaf Zn concentration as well among treatments 
compared with control (Fig. 6). further revealed that the leaf Zn 

 

 
Figure 5: Influence of soil drenching of fungicides on leaf Fe 
status of ‘Blood Red’ sweet orange (± s.e.). R = 70 g Ridomil Gold, 
C = CuSO4, A= 20 g Alliete, 2.5 A= 2.5 g L-1 Alliete, 3 A= 3 g L-1 
Alliete, DAF= Days after fertilizer application. 
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Figure 6: Influence of soil drenching of fungicides on leaf Zn 
status of ‘Blood Red’ sweet orange (± s.e.). R = 70 g Ridomil Gold, 
C = CuSO4, A= 20 g Alliete, 2.5 A= 2.5 g L-1 Alliete, 3 A= 3 g L-1 
Alliete, DAF= Days after fertilizer application. 
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concentrations were significantly different during both the years 
of study and in the year I there were significant differences 
among treatments compared with control while in the year II no 
significant difference was found among treatments compared 
with control.  
 
Zn concentration in sweet orange leaves was not affected by 
different treatments with no change during the whole period of 
study and overall concentration remained uniform. During the 
second year of the experiment the leaf Zn concentration was 
slightly reduced which might be due to excessive concentrations 
of N, which is in accordance with findings of Chaudhary (1988), 
who reported the depressing effect of higher doses of N on Zn 
leaf concentration of sweet lime. Overall Zn concentrations in 
leaves of ‘Blood Red’ sweet orange were in deficient range 
according to standards reported by Obreza et al. (1999). Zn 
deficiency is common worldwide and is next to N deficiency in 
citrus, generally due to the prevalence of neutral or alkaline 
soils. Darvas (1984) reported that with an injection of Fosetyl-Al 
to control phytophthora in avocado Zn content of leaves tended 
to increase which was attributed to better nutrient uptake by 
roots, but in our experiment, it was not so. Besides salinity, 
higher uptake of P, Mn, and K results in Zn deficiency. Zn usually 

becomes unavailable in soils at pH more than 6.0 and its 
availability is affected by Fe, Ca, and P (Rajput and Haribabu, 
1985; Davies and Albrigo, 1994).  
 
Fungicides application and manganese (Mn) contents 
 
The data about Mn is showed a significant difference in 
concentration of leaf Mn among both the years with range of 32 
-55 mg/L and 150-229 mg/L during the year I and year II, 
respectively (Fig. 7). There was no uniform trend of periodic 
changes in the concentration of Mn in the leaves in different 
treatments; however, the trend was similar during both the 
years of study. In year I, during whole period of sampling there 
were non-significant differences in leaf Mn concentrations, 
while treatments were significantly different from each other 
compared with control. In year II, there were significant periodic 
changes in leaf Mn concentrations with non-significant 
differences among treatments compared with control. 
Mn has never become a limiting factor especially in acidic soils 
but may become complex and unavailable in high pH calcareous 
soils. There was no effect of fungicide soil application on Mn 
uptake by roots as all the treatments had almost equal status 
during both years. The Mn values determined in sweet orange 

 

 
Figure 7: Influence of soil drenching of fungicides on leaf Mn 
status of ‘Blood Red’ sweet orange (± s.e.). R = 70 g Ridomil Gold, 
C = CuSO4, A= 20 g Alliete, 2.5 A= 2.5 g L-1 Alliete, 3 A= 3 g L-1 
Alliete, DAF= Days after fertilizer application. 
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Figure 8: Influence of soil drenching of fungicides on leaf Cu 
status of ‘Blood Red’ sweet orange (± s.e.). R = 70 g Ridomil Gold, 
C = CuSO4, A= 20 g Alliete, 2.5 A= 2.5 g L-1 Alliete, 3 A= 3 g L-1 
Alliete, DAF= Days after fertilizer application. 
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leaves were in optimum range during the year I and in high 
range in year II according to standards evaluated by Obreza et 
al. (1999). The N contents had a synergistic impact on Mn 
quantity in ‘Blood Red’ sweet orange leaves as the quantity was 
in high range with excess N contents during year II. This effect of 
N contents was found consistent; however, it is against the 
previous findings by Chaudhary (1988) who reported 
inconsistent effects of N on Mn concentrations in citrus leaves. 
  
Fungicides application and copper (Cu) contents  
 
The data regarding leaf Cu concentration at different intervals 
during both the years is presented in Fig. 8. which revealed that 
there was a periodic change in concentration but not due to 
treatments. The pattern of change was totally different during 
both the years with an increasing trend in the year I (9-25 mg/L) 
and decreasing trend in year II (9-18 mg/L). During both years 
of study periodic changes in leaf Cu concentration were 
significant, while treatments had no significant effect on in leaf 
Cu concentration compared with control.  
 
The Cu is an essential element for plant growth; however, its 
presence in the soil in quantities lower or greater than the 
optimal amount could affect plant growth (Alva et al., 2000). The 
leaf Cu concentrations were inconsistent during both years of 
study as in year I the concentrations increased with the passage 
of time being in the excess range of more than 20 mg/L 
compared with the standards suggested by Obreza et al. (1999). 
The Cu concentration in leaves was optimum in the second year 
of study with decreasing trend up to the end of bloom and final 
fruit set. The decrease in Cu concentration might be due to the 
proper utilization of Cu by citrus trees.    
 
CONCLUSION 
 
The effect of fungicides treatments on nutrient uptake was not 
uniform which may be due to very less period of experiment as 
it may need at least 5-6 years for clear results. Also, the intensity 
of Phytophthora infestation could not be found out through 
isolation due to non-availability of proper facility in the then 
approached pathological labs. However, the overall health of 
trees was significantly improved producing higher yield and 
quality of sweet orange fruits. Following the results of this 
research, now soil drenching of Ridomil Gold (Metalaxyl + 
mencozeb) @ 70-100 g per tree under canopy is common 
practice to improve general health and vigour of declining trees 
in the orchards. It may be concluded from this study that best 
management practices (BMP’s) could improve yield and quality 
of sweet oranges emphasizing on health of root system. 
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