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ABSTRACT 

Citrus is one of the major fruit crops in the world due to its popularity and availability to human 

consumption. Citrus plant growth is slow that’s why it is mostly propagated by asexual mean for 

commercial purpose. The rootstock have an incredible effect on scion life, fruit size, yield and 

juice quality and resistance to salts, frosty and dry spell. Fungicides have important role in plant 

protection from different insect pests and pathogenic diseases. Different citrus rootstock are used 

in different areas depending upon root stock adaptability. A pot culture study is designed to 

examine the effect of different fungicides and growth media on physiological, biochemical, 

morphological and growth responses of citrus rootstock i.e. Cleopatra mandarin (Citrus 

reticulate Blanco), Carrizo citrange (Citrus sinensis L. Osb.×Poncirus trifoliate L.), Sour orange 

(Citrus aurantium L.) and Rough lemon (Citrus jambhiri L.). The citrus rootstocks seeds will be 

treated with fungicides (Metalaxyl, Mencozeb and Fosetyl- Alumium) and will be planted in 

different culture media ( peat moss, humus , fine sand and sawdust ) that are twelve different 

treatments along with the control. This study was conducted in the research fields of citrus 

Services, Department of Horticulture , University of Agriculture University and the University of 

Sargodha , Pakistan.The experiment was arranged in a completely randomized design ( CRD) 

with three factors factorial arrangement with four replications. The results discovered that 

Cleopatra mandarin root stock treated with fungicide Aliette ( Fosetyl- aluminum) and grown in 

peat showed positive effects in qualitative morphological variables, as well as stem length, fresh 

and dry biomass, root length, number of leaves, transpiration rate, photosynthesis rate, stomatal 

conductance, water use efficiency , relative water content and chlorophyll content were improved 

and significantly enhanced by Cleopatra mandarin root stock treated with fungicide Aliette ( 

fosetyl - aluminum) and grown in peat. 



INTRODUCTION 

Citrus is one of the real tree grown food product of the world because of its prevalence and 

accessibility to human diet. Commercially important citrus species include oranges,limes, 

tangarines, lemon and mandarin. Citrus fruits are grown in tropical and sub-tropical regions of 

35
°
N and 35

°
S latitude in northern hemisphere of more than 140 countries of the world (Liu et 

al., 2012). Real citrus delivering countries of the world are China, Maxico, USA, Brazil, Spain 

and Pakistan. Pakistan is at thirteenth position among citurs growing countries of the world and 

citrus possesses first rank as for range and creation among all products of the soil. Global 

average production of citrus is 1760.30 thousand tons on an area of 176.50 thousand hactare. 

Punjab shares 94 and 96 percent in area and production, respectively (Niaz et al., 2004; 

Mahmood & Sheikh, 2006). Kinnow is the significant species which keeps up its restraining 

infrastructure in Pakistan in addition to different citrus species with 95% offer. It is grown at 

200,000 hectares (2.25% of the world) due to suitable climatic and soil conditions. The annual 

average yield is 2.2 million tonnes and having export of 282,000 tons per year and fetching 7,313 

million rupees (Anonymous, 2009).  

The rootstocks have an incredible effect on scion life, products of the soil size, tree grown foods 

yield and juice quality and resistance to salt, frosty and dry spell. These issues are real troubles 

for nurserymen to become sound citrus nursery stock. Good rootstock and scion mix make the 

plant more gainful with amazing products of the soil quality. In citrus creation rootstock is vital 

in adapting to the issue brought on because of soil, atmosphere, bug and infections. Thusly 

rootstock choice assumes a key part in effectiveness of plantation.The selected rootstock is 

responsible for the nutrient absorption and carbohydrate storage, produce in the root. (Grzyb, 

1974; Richardson et al., 2003). Fungicides are those synthetic mixes which cancel or keep the 

development of growths or parasitic spores (Gullino et al., 2000). The utilization of fungicides 

for a successful control of plant sicknesses has ended up significant in the most recent decades in 

the farming framework since it is evaluated that infectious contaminations reason yield reduction 

of very nearly 20% of yields around the world (Gullino et al., 2000). Fungicides turned into the 

essential method for controlling growths, uneconomical and more effective (Xia et al., 2006). 

However, the across the board utilization of such fungicidal mixes to control contagious ailments 

in plants progresses the passage of recently pathogenic strains. For the most part the work with 

respect to the impact of fungicides in horticulture is centered around their viability against 

contagious pathogens or their stores in products (Saladin et al., 2003). These can be non-latent 

material or natural materials comprise of fertilizer, peat, coconut (Cocos nucifera L.), tree husk, 

coir and poultry quills) and dormant material or inorganic materials (perlite, earth mineral fleece, 

and vermiculite). Developing media give mechanical backing to plant as well as go about as a 

resrvoir for supplement and water, and a wellspring of supplement for plant development 

(Richard et al., 1986, Agro, 1998; Bunt, 1998; Abad et al., 2002). In different parts of the world, 

growth media like peat moss, vermicompost, sawdust and fine sand are used successfully having 

key role in improving seed germination and enhanced rates of seedling growth and development 

(Edwards & Brurrows, 1988; Robertson, 1993; Ratna et al., 2006 & Mhango et al., 2008). The 

potting media is considerably capable to change canopy development pattern and function for 

e.g. Photosynthesis (Richardson et al., 2003).  

MATERIALS AND METHODS 



The experiment was conducted in nursery area, Department of Horticulture, University College 

of Agriculture, University of Sargodha. The propose of study was to evaluate the efficacy of 

commercially available fungicides growth media in citrus rootstocks. 

3.1. Planting material 

Different mature fruits of citrus rootstocks i.e., Cleopatra mandarin (Citrus reticulate Blanco), 

Carrizo citrange (Citrus sinensis L. Osb.×Poncirus trifoliate L.), Sour orange (Citrus aurantium 

L.) and Rough lemon (Citrus jambhiriL.). were harvested from different fruit orchards. After 

harvesting seeds were extracted from fruits and after that extracted seeds were collected in 

strainer, washed properly under tap water and then again washed with distilled water to remove 

the pulp or any other contamination attached with the seed. Seeds were air dried to eradicate the 

hazard of any fungi. 

3.2. Methods of fungicides application 

3.2.1. Seed treatment with fungicides. 

Before sowing, seeds were treated with Metalaxyl, Mencozeb and Fosetyl- Alumium along with 

one control treatment. Treated and untreated both seeds were sowed in pots containing 

vermicompost, peat moss, fine sand and sawdust with four replications per treatment. 

3.2.2. Treatment Variables used in Study 

3.3.1. Fungicides 

Fungicide usage is very important for treatment of seed of rootstock as it prevent seedling from 

soil born diseases. The various treatments of fungicides were applied are given below F0: 

Control, F1: Aliette (Fosetyl- Aluminium), F2: Radiomil gold (Metalaxyl and Mencozeb) 

3.3.2. Growth Media 

Culture media have an important role to provide aeration and water , allowing the growth of 

roots and maximum physical support to the plant. The different culture medias were used are 

Vermicompost, Peat moss, Fine sand and Saw dust. 

3.3.3. Citrus rootstocks 

There is no controversy about the importance of citrus root stock . It directly affects the pattern 

of development , biochemical and physiological mechanism of the plant. Four different 

rootstocks are used as treatments given below 

V1: Carrizo citrange (Citrus sinensis L. Osb. × Poncirus trifoliate L.) 

V2: Cleopatra mandarin (Citrus reticulate Blanco) 



V3: Rough lemon (Citrus jambhiri L.) 

V4: Sour orange (Citrus aurantium L.) 

Treatment combination 

T1 =Seed treatment F0+ Peat moss 

T2= Seed treatment F1 + Peat moss 

T3= Seed treatment F2 + Peat moss  

T4=Seed treatment F0 +vermicompost 

T5= Seed treatment F1 + vermicompost 

T6=Seed treatment F2 + vermicompost 

T7=Seed treatment F0 +sawdust 

T8 =Seed treatment F1+ sawdust 

T9=Seed treatment F2 + sawdust 

T10=Seed treatment F0 +fine sand 

T11= Seed treatment F1+ fine sand 

T12= Seed treatment F2+ fine sand 

3.4. Parameters studied 

In this study different germination, biochemical and morpho-physiological parameters were 

studied. Their detail is given below. 

3.4.1.1. Germination percentage 

Germination percentage was calculated by using the following formula: 

Germination (%) = Number of germinated seeds/total seeds x 100 

3.4.1.2. Time taken for 50% emergence (days) 

Time taken for 50% emergence (T50) was calculated following the formulae of Coolbear et al. 

(1984) modified by Farooq et al. (2005). 



T50 = ti+ N 2 - ni nj - ni tj - ti  

Where N is the final number of emerged seeds and ni, njare cumulative number of seeds emerged 

by adjacent counts at times tiand tj when ni< N/2 < nj. 

3.4.1.3.Mean emergence time (days) 

Mean emergence time (MET) was calculated following Ellis and Roberts (1981). 

MET = Dn n  

Where n is the number of seeds which were emerged on day D and D is the number of days 

counted from the beginning of germination. 

3.4.1.4.Germination index  

Germination index (GI) was calculated according to the Association of Official Seed Analysts 

(1983) using the following formula:  

3.5.1. Shoot length (cm) 

It was calculated by using measuring tape from the ground to the ligule of upper most leaf of 

plants of each pot after that average length of each plant/shoot was calculated.  

3.5.2. Root length (cm) 

Plants were uprooted from pots and root length was recorded with the help of scale and average 

was calculated. 

3.5.3. Total fresh biomass (g plant
-1

) 

Plants from each pot were harvested and shoot fresh weight was calculated within half an hour of 

harvesting by using a digital balance and then average was calculated. 

3.5.4. Total dry biomass (g plant
-1

) 

Shoot material was oven dried by putting all the harvested material of shoots from each pot in an 

oven at 65±5°C for 72 hours. After drying, shoot dry weight was recorded and then average 

shoot dry weight of each plant was calculated. 

3.5.5. Number of leaves plant
-1

 

Number of leaves was manually counted of all plants in each pot and mean was calculated. 



3.5. 6. Leaf area (cm
2
) 

Leaves were excised from plants and detached leaves were used to record leaf area on leaf area 

meter.  

3.6.1. Stomatal conductance (mol/m
2 

/ s), photosynthetic rate (µmol/m
2 

/ s) and 

transpiration rate (mmol/m
2 

/ s) 

The stomatal conductance (mol/m
2 

/ s), photosynthetic rate (µmol/m
2 

/ s) and transpiration rate 

(mmol/m
2 
/ s) were estimated with the help of portable infrared gas analyzer 

3.6.2.Water use efficiency (kg m
-3

) 

Water use efficiency (WUE) was calculated by the following formula: 

WUE = Dry biomass /Total water applied 

3.6.3.Relative water content (%) 

was calculated from the formula proposed by Turner (1986) and then averaged. 

RLWC (%) = (FW-DW)/ (TW-DW) x100 

Where  

FW = fresh weight of leaves 

DW = oven dry weight of leaves  

TW = turgid weight of leaves 

3.7. Biochemical parameter  

3.7. 1.Chlorophyll contents 

Chlorophyll content was determined by using following the method ofArnon (1949). 

3.8. Statistical Analysis 

Experimental design was complete randomized design (CRD) with three factor factorial 

arrangements. The collected data were analysed statistically by employing Fisher Analysis of 

Variance Technique using computer software M STAT C and treatment means were compared 

by applying least significance difference (LSD) test at 5% probability level (Steel et al., 1997). 

RESULTS AND DISCUSSION 



4.1. Germination Parameters 

4.1.1. Germination percentage (%) 

Effect of fungicides, growth media, root stock and their interaction on the germination 

percentage of citrus was significant (Table 4.1b). Fungicides significantly improved the 

germination percentage. Higher germination percentage (81.20%) was recorded where Aliette 

(Fosetyl-Aluminium) was applied followed by Radiomil gold (Metalaxyl and Mencozeb) as 

compared to control (79.26%). Similarly, different growth media significantly improved 

germination percentage and higher germination percentage (81.83%) was measured where Peat 

moss was used as growth media followed by Vermicompost while lower germination percentage 

(78.25%) was observed where Fine sand was used. 

4.1.2. Speed of Germination/Germination Index 

Analysis of variance showed that there was significant effect of fungicides, growth media, and 

root stock on the germination index of citrus was significant. The interaction of fungicides, 

growth media and root was also significant (Table 4.2b). Aliette (Fosetyl-Aluminium) fungicide 

recorded higher germination index (0.0181) followed by Radiomil gold (Metalaxyl and 

Mencozeb) while lower germination index was noted in control treatment (0.0176). In the same 

way, different growth media significantly improved germination index and higher germination 

index (0.0182) was measured where Peat moss was used as growth media followed by 

Vermicompost. While significant decrease was recorded in germination index, where Fine sand 

was used. 

4.1.3. Mean Germination Time (days) 

Effect of fungicides and growth media and their interaction on the mean germination time of 

citrus root stock cultivars was significant (Table 4.3b). It was noted that different fungicides 

significantly decreased the mean germination time of seeds. Lower mean germination time 

(18.71) was recorded where Aliette (Fosetyl-Aluminium) was applied followed by Radiomil gold 

(Metalaxyl and Mencozeb) as compared to control (19.08). Similarly, different growth media 

significantly improved mean germination time and lesser mean germination time (17.02) was 

measured where Peat moss was used as growth media followed by Vermicompost while higher 

mean germination time (21.79) was observed where Fine sand was used.  

4.1.4. Time to 50% Germination (days) 

Effect of fungicides, growth media, root stock and their interaction on the time to 50% 

germination of citrus was significant (Table 4.4b). Fungicides application effects showed less 

time to 50% germination and Aliette (Fosetyl-Aluminium) performance was better and showed 

lower time to 50% germination (15.26) followed by Radiomil gold (Metalaxyl and Mencozeb) as 

compared to control (15.63). Similarly, time to 50% germination was also affected by different 

growth media and less time to 50% germination (13.57) was measured when Peat moss was used 

as growth media followed by Vermicompost while higher time to 50% germination (18.34) was 

observed in Fine sand .  



4.2. Morphological Parameters 

4.2.1. Shoot Length (cm) 

Effect of fungicides, growth mediaand their interaction on the shoot length of citrus rootstock 

cultivars was significant (Table 4.5b). Singificant improvement in shoot length was observed by 

application of different fungicides. However, more improvement (11.97) was observed when 

Aliette (Fosetyl-Aluminium) was applied followed by Radiomil gold (Metalaxyl and Mencozeb) 

as compared to control (11.03). Similarly, different growth media significantly enhanced shoot 

length and higher shoot length (11.37) was measured where Peat moss was used followed by 

Vermicompost while lowest shoot length (10.89) was observed where Fine sand was used. 

4.2.2. Root Length (cm) 

Analysis of variance revealed that effect of different fungicides, growth media, root stock and 

their interaction on the root length of citrus was significant (Table 4.6b). Fungicides significantly 

enlarged the root growth. However, more root growth (15.01) was detected when Aliette 

fungicde was applied followed by Radiomil gold as compared to control (14.67). Likewise, 

diverse growth media significantly boosted root length and greater root length (15.11) was 

measured where Peat moss was used followed by Vermicompost while lowest root length 

(14.49) was witnessed where Fine sand was used.  

4.2.3. Total fresh biomass (g) 

Data regarding the total fresh biomass is given in Table (4.7b). It is clear from the data that that 

effect of different fungicides, growth media, root stock and their interaction on the total fresh 

biomass of citrus was significant (Table 4.7b). More total fresh biomass (4.97) was identified in 

those plant which received Aliette (Fosetyl- Aluminium) fungicide followed by Radiomil gold 

(Metalaxyl and Mencozeb) as compared to control (4.06). Similarly, various growth media 

pointedly increased total fresh biomass and higher total fresh biomass (5.00) was measured 

where Peat moss was used followed by Vermicompost while lowest total fresh biomass (4.79) 

was observed where Fine sand was used.  

4.2.4. Total dry biomass (g) 

The data shown in Table 4.8b indicates that effect of different fungicides, growth media, root 

stock and their interaction on the total dry biomass of citrus was significant. Total dry biomass 

significantly improved by fungicides. Aliette (Fosetyl-Aluminium) produced more total dry 

biomass (2.26) followed by Radiomil gold (Metalaxyl and Mencozeb) as compared to control 

(2.21). Analysis of variance showed that total dry biomass significantly enhanced by different 

growth media and more total dry biomass (2.27) was recorded where Peat moss was used as a 

growth media followed by Vermicompost while lower total dry biomass (2.18) was counted 

where Fine sand was used as a growth media.  

4.2.5. Number of leaves 



Data pertaining to number of leaves depicted that effect of different fungicides, growth media, 

root stock and their interaction on the number of leaves of citrus was significant (Table 4.9b). 

Plants treated with different fungicides showed more number of leaves. However, Aliette 

(Fosetyl-Aluminium) treated plants produced more number of leaves (16.26) followed by 

Radiomil gold (Metalaxyl and Mencozeb) as compared to control (16.00). Similarly, numerous 

growth media significantly improved number of leaves and higher number of leaves (16.39) was 

counted where Peat moss growth media was used followed by Vermicompost while inferior 

number of leaves (15.75) was calculated where Fine sand was used as a growth media .  

4.2.6. Leaf area (cm
2
) 

Analysis of variance revealed that effect of different fungicides, growth media, root stock and 

their interaction on the leaf area of citrus was significant (Table 4.10b). Leaf area was improved 

by the application of different fungicides. Higher leaf area (4.99) was recorded in those plants 

which were treated withAliette (Fosetyl- Aluminium) followed by Radiomil gold (Metalaxyl and 

Mencozeb) as compared to control (4.23). Similarly, leaf area various was also improved by 

different growth media significantly and more leaf area (5.15) was recorded where Peat moss 

was used followed by Vermicompost while lowest leaf area (4.49) was observed where Fine 

sand was used.  

4.3. Physiological attributes 

4.3.1. Photosynthesis Rate (µmol/m
2
/s)  

Data regarding photosynthesis rate is shown in Table 4.11b. Analysis of variance depicted that 

effect of different fungicides, growth media, root stock and their interaction on the 

photosynthesis rate of citrus was significant (Table 4.11b). Photosynthatic rate was significantly 

improved by different fungicides. However, higher photosynthesis rate (5.25) was depicted in 

those plants where Aliette (Fosetyl- Aluminium) was used followed by Radiomil gold 

(Metalaxyl and Mencozeb) as compared to control (4.70). Alike, numerous growth media 

significantly amplified photosynthesis rate and higher photosynthesis rate (5.29) was noted 

where Peat moss was used followed by Vermicompost. There was lowest photosynthesis rate 

(4.77) where Fine sand was used.  

4.3.2. Transpiration Rate(µmol/m
2
/s)  

Analysis of variance showed that there was a significant effect of different fungicides, growth 

media, and root stock on the transpiration rate of citrus and their interaction was also signicant 

(Table 4.12b). All the fungicides improved transpiration rate but, more progress in transpiration 

rate (1.980) was seenwhereAliette (Fosetyl- Aluminium) was used followed by Radiomil gold 

(Metalaxyl and Mencozeb) as compared to control (1.901). There was also observed an 

improvent under various growth media however better transpiration rate was measured (2.001) 

where Peat moss was used followed by Vermicompost.The lowest transpiration rate (1.961) was 

observed in those plants which were planted in Fine sand. 

4.3.4. Stomatal conductance(µmol/m
2
/s)  



Analysis of variance showed that there was significant effect of different fungicides, growth 

media and root stock on the stomatal conductance and their interaction was significant (Table 

4.13b). It was clear from the data that fungicides progressively improved the stomatal 

conductance. Aliette (Fosetyl-Aluminium) improved more stomatal conductance (0.154) applied 

followed by Radiomil gold (Metalaxyl and Mencozeb). There was minimum stomatal 

conductance (0.151) in control. Data also showed that various growth media significantly 

enhanced stomatal conductance and more stomatal conductance (0.156) was recorded where Peat 

moss was used as a growth media followed by Vermicompost while lower stomatal conductance 

(0.149) was counted where Fine sand was used as a growth media. 

4.3.5. Relative water contents (%) 

Data showed that effect of different fungicides, growth media, root stock and their interaction on 

the relative water contents of citrus was significant (Table 4.14b). Fungicides gradually enhanced 

the relative water contents. However, more relative water contents (76.74) were counted when 

Aliette (Fosetyl-Aluminium) was applied followed by Radiomil gold (Metalaxyl and Mencozeb) 

as compared to control (74.96). Similarly, numerous growth media significantly improved 

relative water contents and higher relative water contents (77.29) was counted where Peat moss 

growth media was used followed by Vermicompost while inferior relative water contents (74.05) 

were calculated where Fine sand was used as a growth media. 

4.3.3. Water use efficiency (Kg m
-3

) 

Data pertaining to water use efficiemcy are shown in Table 4.15b. It is clear from the data that 

there was a significant effect of different fungicides, growth media, root stock and their 

interaction on the water use efficiency of citrus was significant (Table 4.15b). Higher water use 

efficiency (0.238Kg m
-3

) was recorded when Aliette (Fosetyl- Aluminium) was used followed by 

Radiomil gold (Metalaxyl and Mencozeb). There was low water use efficiency (0.232Kg m
-3

) in 

control. Likewise, various growth media pointedly improved water use efficiency and higher 

water use efficiency (0.240Kg m
-3

) was measured where Peat moss was used followed by 

Vermicompost while lowest water use efficiency (0.230Kg m
-3

) was observed where Fine sand 

was used. 

4.4.1 Chlorophyll Contents (mg g
-1

 FW) 

Analysis of variance regarding chlorophyll contents revealed that effect of fungicides, growth 

media, root stock and their interaction on the chlorophyll contents of citrus was significant 

(Table 4.16b). There was significantly higher chlorophyll contents (1.761) when Aliette (Fosetyl- 

Aluminium) was applied followed by Radiomil gold (Metalaxyl and Mencozeb) as compared to 

control (1.519). Data also revealed that chlorophyll contents significantly enhanced by different 

growth media and higher chlorophyll contents were (1.773) measured where Peat moss was used 

followed by Vermicompost while lowest chlorophyll contents (1.699) were observed where Fine 

sand was used.  
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