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ABSTRACT 

 
A study was conducted at Institute of Horticultural Sciences, University of 
Agriculture, Faisalabad, Pakistan during 2011-12 to evaluate eight mango 
cultivars (Almas, Collector, Pope, Neelum, SS-II, Shahpasand, Alphonso and 
Sindhri) for sensitivity to malformation and their differences relating to 
morphological, physiological and biochemical characteristics. Among these 
cultivars Sindhri and Shahpasand were found comparatively resistant against 
malformation having only 6.33 and 9.0 malformed branches, respectively. Leaf 
chlorophyll was found maximum (47.17 SPAD) in Pope and stomatal 
conductance was found highest (0.26 mmol/m-2/sec) in Neelum. Whereas, 
photosynthesis (11.32 µml/m2/sec) and transpiration rates rates were maximum 
(10.22 µml/m2/ sec) in Shahpasand. In biochemical attributes, total soluble 
solids (TSS) were found maximum (17 ºBrix) in Almas, while, SS-II exhibited 
least TSS (9.3 ºBrix). Titratable acidity was found minimum (0.19%) in Collector, 
whereas, SS-II exhibited lowest (26.57) sugar acid ratio. Maximum ascorbic 
acid (43.5 mg/100 g) was observed in Neelum, while, in case of sugars, 
maximum reducing sugars (6.18%), non-reducing sugars (9.21) and total 
sugars (11.33) were found in Pope and reducing sugar was found maximum 
Almas (6.18%), respectively. Sindhri and Pope exhibited maximum total 
carotenoids (3.43 µg/mL FW) and antioxidants (79.0 mM Trolox/g), whereas, 
total phenolic contents were found maximum (0.95 mg/100g) in Sindhri. 
Likewise, non-commercial mango cultivars, Alphonso and Almas exhibited 
highest fruit (281.21 g and 244.60 g) and pulp weight (172.10 g and 210.21 g). 
Hence, results suggested that Almas, Neelum and Pope exhibited good fruit 
physical and biochemical attributes and have tremendous potential for 
commercial cultivation in Pakistan. 
 

KEYWORDS: Mangifera indica L. antioxidants; malformation; chlorophyll; 
carotenoids; phenolics; morpho-physiological; biochemical 
characterics; Pakistan. 

 
INTRODUCTION 

 
Mango (Mangifera indica L.) belongs to family Anacardiaceae, order 
Sapindales considered as "king of fruits”, has now been established as an 
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emerged tropical export fruit crop, produced in about 90 countries around the 
globe. Moreover, mango is most appreciated fruit in the world and has 
accomplished a distinctive place in the delicious fruits array and embraces a 
significant therapeutic and nutritional value (28).  
 
Pakistan is regarded as fifth largest producer of mango in the whole world 
with the annual production of 1728 thousand tons from an area of 170.1 
thousand hecteres (8). Moreover, Pakistan is the fourth largest exporter of 
mango and exports about 84.9 thousand tons annually. Despite the demand 
in the different western markets for various indigenous mango varieties of 
Pakistan and maximal potential for export oriented commodity, a substantial 
decline has been reported in mango production and export. Decline in the 
export potential of the country may be attributed to a number of factors, for 
instance; quality issues, lack of infrastructure, supply chain disorders, poor 
yield, limited cargo space, lack of proper processing and packing as well as 
standardization. Over 260 different mango cultivars were reported in the 
country till 1965 but with the passage of time only 10 to 15 old cultivars 
remained for commercial cultivation. During last two or three decades, 
hundreds of wild mangoes accessions became extinct, due to poor 
identification, characterization and evaluation process (2, 5). Therefore, 
presently only few cultivars are commercially cultivated in the country (5). On 
the other hand, current market requires several more commercial mango 
varieties to fulfill demand of mango growers for extension of harvesting time 
in country (28). Varietal description is very critical component regarding the 
improvement of mango through planned breeding schemes to develop new 
mango cultivars/varieties. It usually lays the sound foundation for the further 
futuristic scientific progress for the development of new cultivars because 
characterization through morphological or biochemical traits is difficult and 
lacks proficiency in Pakistan (4, 28). Moreover, varietal descriptions are also 
important components for the improvement of existing varieties and future 
breeding programmes of mango. Moreover, morphological description is the 
principal step that should be done before biochemical or molecular 
characterization (14). Morphological parameters are simple, easy to measure 
and may be exploited effectively but requires extensive observations (10, 29). 
The varietal performance is found to be varying under different climatic 
conditions (4). Although some scientists have used morphological and 
biochemical traits for mango germplasm evaluation but combined application 
of tree and leaf morphological, physiological, response against malformation, 
fruit physical and biochemical characteristics has not yet been reported. 
 
Therefore, the present research was designed to identify, characterize and 
evaluate behaviour of some non-commercial mango cultivars (except Sindhri) 
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based on patterns of vegetative and reproductive growth, physiological 
characteristics and fruit physical and biochemical quality attributes. Another 
objective of the research was to identify some imperative traits in these non-
commercial cultivars to broaden the varietal resource and extend the 
harvesting window of mango in the country. Moreover, the selected cultivars 
were also evaluated regarding their response to mango malformation. 
 

MATERIALS AND METHODS 
 
The research study was conducted at Institute of Horticultural Sciences, 
University of Agriculture, Faisalabad during 2011-12. The experiment was 
laid out in RCBD with three replications. Eight mango varieties namely 
Almas, Alphonso, Collector, Neelum, Pope, Shahpasand, Sindhri and SS-II 
were selected. Moreover varieties were also evaluated for their response to 
malformations. Data were collected regarding morphological, physiological, 
fruit physical and biochemical characteristics.  
 
Morphological characteristics 
 
For morphological characterization International Plant Genetic Resources 
Institute (IPGRI) descriptors for mangoes were used as a guide to collect 
data for morphological characters (9). 
 
Tree characters 
 
Different tree characters like height, spreading and stem girth of three plants 
were mseasured. Tree height was measured with telescoping meter and was 
expressed in meters (m) while, tree spreading was measured with measuring 
tape from both sides of the main tree trunk and average was calculated and 
shown in meters (m). Stem girth was also measured with measuring tape in 
centimeters (cm). Tree growth habit and foliage density of each cultivar was 
noted in the field. 
 
Leaf characters 
 
Ten leaves of each cultivar were collected and leaf characters were recorded. 
Length and width of 10 leaves was measured with measuring scale (cm). 
Colour of newly emerged and ten mature leaves was noted according to 
IPGRI descriptors. Number of flushes and leaves emerged from month of 
March to October were also counted. Leaf shape, apex, base, margins and 
pubescence  of  ten  leaves  were  evaluated  and  noted  according  to 
IPGRI descriptors.  
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Fruit characters 
 
Fruit physical characteristics such as fruit shape, beak type, fruit colour 
before and after ripening of ten fruits were noted according to IPGRI 
descriptors. Quantitative traits including fruit weight, peel weight, pulp weight 
and stone weight of ten fruits was measured and average was calculated and 
expressed in grams. Fruit colour before and after ripening, pulp aroma and 
stone shape characters were also evaluated using IPGRI descriptors.  
 
Physiological studies 
 
Infra-Red Gas Analyzer (IRGA) was used to determine the photosynthesis, 
respiration and stomatal conductance of mango leaves of all cultivars after 10 
am in the field. Chlorophyll contents were measured with the help of 
chlorophyll meter from ten leaves and average was calculated. 
 
Biochemical properties 
 
Total soluble solids (TSS): A hand held refractometer was used for the 
estimation of total soluble solids (TSS). One to two drops of juice sample was 
placed on the prism of the refractometer and lid was closed. Total soluble 
solids were noted directly from the scale and were expressed in °brix. 
 

Titratable acidity: Titratable acidity (TA) was measured according to the 
methods as reported by Hortwitz (13). Ten milliliters of fruit juice sample was 
taken in a beaker, diluted (1:4) with double distilled water and was titrated 
against N/10 NaOH using phenolphthalein as indicator. The acidity was 
expressed as percent citric acid.  
 
Sugar acid ratio: Sugar acid ratio was calculated by dividing the TSS value 
with the acidity percentage. 
 

                          TSS reduce 
Sugar acid ratio = ————————— 

                          Titratable acidity 
 

Ascorbic acid: Juice for ascorbic acid calculation was extracted from ten 
fruits and homogenized thoroughly. Extracted juice of 10ml was transferred in 
a 100 ml flask and volume was made up to mark by adding 0.4 percent of 
oxalic acid solution. Five ml of the filtrated aliquot was taken and was titrated 
against 2, 6-dichlorophenolindophenol dye, till persistent light pink colour end 
point and was expressed as milligram (mg) per 100 g (38). 



Morpho-physiological and biochemical profiling of mango cultivars 

J. Agric. Res., 2015, 53(3) 

401

Sugars: Sugars including reducing, non-reducing and total sugars were 
estimated as reported by Shafiq et al. (30) and were expressed as 
percentage (%). 
 
Total carotenoids: One gram of fruit pulp was ground with 0.05 g of 
magnesium carbonate in silica sand by mortar and pestle and was 
centrifuged at 5000 rpm. Extraction was made twice by using acetone: n-
hexane (75:60 v/v) mixture (20 ml/sample). The extract was obtained in 
separating funnel and thoroughly rinsed with a 40 ml of 10 percent NaCl and 
2x40 ml of distilled water to eliminate acetone from the sample. The hexane 
extract then was fed to spectrophotometer (Evolution 300 Thermo Electron 
Corporation, Waltham, USA) at 436 nm wavelength to determine its 
absorbance and was expressed as µg per mL FW of β-carotene equivalent 
by using standard curve of β-carotene (22). 
 
Phenolic contents: One gram of pulp sample was grounded with mortar and 
pestle. The extra (100 µL) of sample was transferred in an appendrof tube 
and 200 µL 10 percent F.C reagent was added and vortexed thoroughly for 
one minute. Then 800 µL of Na2CO3 was added in each tube and again 
vortexed for few seconds and the tubes were incubated at room 
temperatures for one to two hours. A blank sample was also prepared by 
using 100 µL extraction mixtures instead of the juice sample. Finally 200 µL 
samples were transferred to a clear microplate and absorbance was taken at 
765 nm wavelength spectrophotometer and expressed as (µg ml/FW 
(Evolution 300 Thermo Electron Corporation, Waltham, USA) (38).  
 
Total antioxidants: Extract amounting 50 µL was added to 5 mL (0.04 
percent (4mg/100mL) of methanol solution of 2, 2-diphenyl-1-picrylhydrazyl 
(DPPH). After 30 min (incubation period) at room temperature and then 
absorbance was measured at 517 nm. Then same procedure was repeated 
by taking 100 µL and 150 µl extracts and average was calculated of all three 
extracts and expressed as mM Trolox/g (38) 

 
Statistical analysis 
 
Data were analyzed statistically by using STATISTIX-8.1 software. Analysis 
of variance techniques was used to test the overall significance of the 
collected data, while, LSD test was utilized to compare the differences among 
the treatment means (36). 



W. Jamil et al.  

J. Agric. Res., 2015, 53(3) 

402

RESULTS AND DISCUSSION 
 

The research study revealed significant differences in morphological, 
biochemical and physiological attributes of different mango varieties under 
the sub-tropical climatic conditions of Faisalabad, Pakistan. Moreover these 
traits were very useful to distinguish between different mango varieties. The 
detailed characteristics are described as under. 
 
Tree and leaf quantitative morphological physiognomies 
 
Significant differences were found in tree quantitative morphological 
physiognomies. Maximum increase in tree height was observed in Collecter 
(0.57 m) compared to Pope which revealed minimum increment (0.13m) in its 
height during one year period (Table 1). Sindhri excelled with maximum 
increase in tree spreading (1.0 m), whereas, Neelum showed minimum 
increase (0.32 m) in spreading (Table 1).  
 
Table 1. Tree and leaf quantitative physiognomies of different mango cultivars under 

the subtropical climate of Faisalabad Pakistan. 
 

Varieties ITH (m) TS (m) SG (cm) LBL (cm) LBW (cm) 
Almas 0.45b 0.49e 9.64c 17.28b 5.39a 
Alphonso 0.49b 0.89b 6.90d 17.49b 3.92c 
Collector 0.57a 0.79c 19.52a 18.41b 4.29b 
Neelum 0.38c 0.32e 10.53c 21.69a 4.41b 
Pope 0.13e 0.64d 6.33d 16.48c 4.62b 
Shahpasand 0.39c 0.39f 6.27d 15.76c 3.34c 
Sindhri 0.30d 1.00a 12.21b 16.55c 4.41b 
SS-II 0.42c 0.77c 10.20c 20.62a 5.23a 
LSD (P≤0.05) 0.114 0.119 2.356 2.136 1.230 
Varieties LBA (cm2) LPL (cm) NLF LF MB 
Almas 92.79b 3.34a 29.2d 71.48c 13.67d 
Alphonso 78.82c 2.83b 33.2c 65.3d 12.66d 
Collector 79.10c 2.15b 44b 73.37c 18.32c 
Neelum 95.65b 3.94a 34c 43.32 26.00b 
Pope 75.94d 2.86b 54a 75.6c 31.00a 
Shahpasand 52.64f 2.72b 20e 74.06c 9.00e 
Sindhri 68.59e 2.15b 31.3c 91.06a 6.33f 
SS-II 107.2a 3.03a 36c 84.96b 16.00c 
LSD (P≤0.05) 4.503 0.442 3.751 5.782 1.983 

In columns figures followed by different letters are statistically different at P ≤ 0.05 according to LSD. 
ITH=increase in tree height, TS=tree spreading, SG=stem girth, LBL=leaf blade length, LBW = leaf blade 
width, LBA=leaf blade area, LPL=leaf petiole length, NLF=number of leaf flushes, LF=leaves per flush, 
MB=malformed branches 
 
According to Islam and Nasir (18) increase in tree height and spreading are 
genotypic and environment dependent. They also found similar results in 
Sindhri, Anwar Ratol, Bagan Pali and Malda varieties of mango. In case of 
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stem girth, Collector revealed highest increase (19.52 cm) followed by Sindhri 
(12.21 cm) compared to Shahpasand that exhibited lowest increase (6.27 
cm) in stem girth (Table 1). Stem girth usually depends upon the genotypes 
and cultural practice particularly nutrition programme. Likewise, Singh and 
Bhargava (33) reported that stem girth also depends on the tree height and 
spreading and. Maximum leaf blade length (21.69 cm), leaf blade width (5.39 
cm) and leaf blade area (107.2 cm2) were observed in Neelum, Almas and 
SS-II, respectively (Table 1). However, leaf petiole length was found 
maximum (3.94 cm) in Neelum. All these leaf characters depends upon the 
cultural practices, orchard nutrition management and specific genotypes. 
Similarly, Griesbach (12) reported that mango leaf length may be as long as 
30 cm based on genetic make-up and environmental conditions. Likewise, 
Fivaz (11) and Rajwana et al. (28) reported that leaf blade area and petiole 
length usually strongly depend on the cultivars, climate, growth stages and 
cultural practices. Moreover, their results were similar to our findings. 
However, petiole length mostly correlated with leaf blade length and width. As 
far as number of leaf flushes (NLF) and leaves per flush (LF) are concerned, 
maximum NLF (54) and LF (91.06) were found in Pope and Sindhri, 
respectively (Table 1). Similarly, Nafees et al. (26) found similar results 
regarding NLF and LF in Anwar Ratol, Alphonso and Samar Bahisht 
Chaunsa varieties. 
 
Different varieties were also evaluated for their response to mango 
malformation and least number of malformed panicles were observed in 
Sindhri (6.33%) and Shahpasand (9.0%), respectively (Table 1). 
Malformation is a very serious threat to mango cultivation all over the world 
and different mango cultivars responded differently to malformation. Similarly, 
Hafiz et al. (13) evaluated forty three different mango varieties and found that 
maximum malformed panicles were present in Lab-e-Mashooq (68.70%) and 
minimum in Gulab Khas (7.8%). 
 
Tree and leaf qualitative morphological physiognomies 
 
In this study tree and leaf qualitative morphological physiognomies 
significantly showed diversity in different varieties studied. Whereas, some 
varieties also revealed semi-spreading growth habit. Erect type of growth was 
found in Alphonso. Mostly varieties showed spreading growth habit (Table 2). 
Therefore, our results were similar with the findings of Human (17) who 
reported that growth habit usually depends on the cultivar genetics, plantation 
density, cultural practices and propagation methods. In case of foliage 
density only two types i.e. dense and intermediate were found. Foliage 
density was essentially dependent on the genotypes (Table 2). 
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Table 2. Tree and leaf qualitative physiognomies of different mango cultivars under the 
subtropical climate of Faisalabad Pakistan. 

 
Varieties GH FD LBS LAS LS 
Almas Semi-spreading Dense Elliptic Acuminate Acute 
Alphonso Erect Dense Elliptic Acuminate Acute 
Collector Spreading Intermediate Elliptic Acute Round 
Neelum Spreading Intermediate Oblong Acute Acute 
Pope Semi-spreading Intermediate Elliptic Acuminate Obtuse 
Shahpasand Spreading Dense Oblong Acuminate Acute 
Sindhri Spreading Dense Oblong Acute Acute 
SS-II Spreading Dense Oblong Acuminate Acute 
Varieties LM LP NLC OLC  
Almas Entire Absent Light brick red Green  
Alphonso Entire Absent Reddish brown Green  
Collector Entire Absent Pink Green  
Neelum Wavy Absent Reddish brown Green  
Pope Wavy Absent Light pink Green  
Shahpasand Wavy Absent Reddish brown Green  
Sindhri Entire Absent Whitish green Green  
SS-II Entire Absent Brownish green Green  

GH=growth habit, FD=foliage density, LBS=leaf blade shape, LAS=leaf apex shape, LS=leaf base shape, 
LM=leaf margins, LP=leaf pubescence, NLC=new leaf colour, OLC=old leaf colour. 

 
Similarly, Rajan et al. (27) reported that Papatio and Fernandin had less and 
Prabhashankar and Chaunsa had dense foliage density. As far as leaf blade 
shape (LBS) and leaf apex shape (LAS) are concerned, most common types 
of LBS and LAS were elliptic and acuminate (Table 2) but some varieties also 
revealed acute and oblong types of LBS and LAS. Most abundant leaf base 
shape (LS) was acute, while, Collector and Pope showed round and obtuse 
LS (Table 2). In case of leaf margins, only entire and wavy types of leaf 
margins were found, but leaf pubescence was absent in all cultivars (Table 
2). Similarly, Islam and Nasir (19) found similar results regarding LBS and 
LAS in Anwar Ratol, Bagan Pali, and Malda varieties. Moreover, according to 
Ibrahim et al. (18) leaf characters are very useful traits for the 
characterization of different mango varieties because these traits are specific 
for specific varieties. In case of new leaf colour (NLC), most common NLC 
was reddish brown but some varieties also exhibited light brick red, brownish 
green, whitish green and pink colour, whereas, in case of old leaf colour 
(OLC) all the varieties under study revealed green colour (Table 2). Both, 
NLC and OLC strongly depends on the specific genetic characteristics of 
mango varieties. Similarly, Rajwana et al. (28) reported that different mango 
cultivars have different NLC and very useful for the characterization of 
various mango varieties. Moreover, Bally (9) reported that usually NLC 
changes to green or dark green colour at maturity and also have specific 
smell/fragrance. 
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Physiological properties 
 
The varieties were also characterized and evaluated regarding their 
physiological properties i.e. chlorophyll contents, photosynthesis rate, 
respiration rate and stomatal conductance. Chlorophyll contents were found 
maximum in Pope (47.17 SPAD) compared to Collector which revealed least 
(22.47 SPAD) chlorophyll contents (Table 3). Chlorophyll is very important for 
photosynthesis as food contents produced during photosynthesis are 
considered imperative for various normal functions of plants. Significant 
differences were observed in leaf chlorophyll contents. Similarly, Singh and 
Bhargava (33) reported that chlorophyll contents were more in Kesar mango 
variety compared to others. Moreover, they also reported that flowering 
mango  trees  had  more  chlorophyll  contents   in   contrast  to non-
flowering trees of mango. In   case   of   photosynthesis   rate   (PR),   
Shahpasand   excelled    with   highest   PR   (11.32 µmol/m2/sec) in   
contrast to  Pope  (3.33 µmol/m2/sec)  that exhibited  lowest    PR   (Table 3). 
 
Table 3. Physiological characteristics of different mango cultivars under the subtropical climate 

of Faisalabad Pakistan. 
 

Varieties Chlorophyll 
contents SPAD 

Photosynthesis 
rate 

µmol/m2/sec 

Stomatal 
conductance 
Mmol/m2/sec 

Transpiration rate 
µmol/m2/sec 

Almas 33.43e 6.27c 0.16b 4.23d 
Alphonso 44.27b 8.58b 0.12c 8.58b 
Collector 22.47g 7.83b 0.13c 5.26c 
Neelum 41.60c 5.74c 0.26a 2.43e 
Pope 47.17a 3.33d 0.09d 3.43d 
Shahpasand 38.00d 11.32a 0.15b 10.22a 
Sindhri 32.00e 10.46a 0.14b 9.35a 
SS-II 29.38f 5.07c 0.05d 4.79c 
LSD (P ≤ 0.05) 3.658 1.683 0.024 1.739 

In columns figures followed by different letters are statistically different at P ≤ 0.05 according to LSD 
 
Similarly, Singh and Rajan (34) observed similar findings regarding PR in 
Chaunsa and Langra mangoes. However, Johnson (21) studied more PR in 
bearing fruit trees compared to non-bearing ones and found differences in 
PR may be attributed to different climatic conditions as plants usually 
respond in different manners to various changes in climatic factors. As far as 
stomatal conductance (SC) is concerned, Neelum surpassed all other 
varieties with maximum (0.26 mmol/m2/sec) SC, whereas, SS-II exhibited 
lowest (0.05 mmol/m2/sec1) SC (Table 3). Transpiration rate (TR) was also 
investigated and maximum TR was observed in Shahpasand (11.32 
µmol/m2/sec) compared to Almas (4.23 µmol/m2/sec) that exhibited least TR 
(Table 3). Stomatal conductance also varies with climatic conditions and 
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water availability because trees with abundant water application exhibit more 
stomatal conductance. Likewise, Shivashankara and Mathai (31) found 
similar results regarding SC and TR in Alphonso and Dusehri varieties of 
mango in Indian conditions. 
 

Fruit parameters 
 

Qualitative characteristics: Colour of unripened fruits was green and dark 
green, respectively, whereas, in case of ripened fruits, yellow colour was 
most dominant in contrast to yellowish and greenish yellow. Oblong fruit 
shape   was  most  abundant,   while, Pope,  Shahpasand   and   SS-II 
exhibited  elliptical,  roundish  and  obvoid  shapes,   respectively  (Table 4). 
 
Table 4. Fruit qualitative characteristics of different mango cultivars under the 

subtropical climate of Faisalabad Pakistan. 
 

Varieties Colour of unripe fruit Colour of ripe fruit Fruit shape Fruit beak type 
Almas Green Yellowish Oblong Perceptible 
Alphonso Green Yellow Oblong Perceptible 
Collector Dark green Yellowish Oblong Perceptible 
Neelum Green Yellow Oblong Perceptible 
Pope Dark green Yellow Elliptical Pointed 
Shahpasand Green Yellow Roundish Perceptible 
Sindhri Green Yellow Oblong Prominent 
SS-II Green Yellowish green Obvoid Perceptible 

 

On the other hand in case of fruit beak type, perceptible was most abundant 
compared to pointed (Pope) and prominent (Sindhri) (Table 4). In internal 
fruit parameters, yellow pulp colour was most common, whereas, Almas, 
Neelum,  Pope  and   Sindhri   varieties   exhibited   golden yellow, light 
yellow,  yellow    orange     and      light     orange,     respectively   (Table 5).  
 
Table 5. Fruit qualitative characteristics of different mango cultivars under the 

subtropical climate of Faisalabad Pakistan. 
 

Varieties Pulp colour Pulp 
aroma 

Stone 
shape 

Fruit neck 
prominence 

Fruit shoulder 

Almas Golden yellow Strong Oblong Absent Rising and then round 
Alphonso Yellow Mild Oblong Absent Rising and then round 
Collector Yellow Mild Oblong Prominent Rising and then round 
Neelum Light yellow Mild Ellipsoid Prominent Rising and then round 
Pope Yellow orange Strong Oblong Absent Rising and then round 
Shahpasand Yellow Mild Oblong Absent Rising and then round 
Sindhri Light orange Mild Reniform Slightly prominent Rising and then round 
SS-II Yellow Strong Oblong Absent Rising and then round 

 
Mild pulp aroma was most commonly found in different studied varieties 
however Almas, Pope and SS-II revealed strong aroma of pulp (Table 5). 
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Fruit neck was absent in most of the varieties whereas prominent neck was 
found in collector and neelum while, in sindhri it was slightly prominent (Table 
5). In case of fruit shoulder, all the varieties showed rising and then round 
except Neelum which exhibited fruit shoulder in the form of ending in a long 
curve (Table 5). Every variety has its specific qualitative characteristics 
including colour, shape, shoulder position, neck prominence, pulp colour and 
aroma. Similarly, Rajwana et al. (28) also reported similar information in 
various indigenous mango cultivars of Pakistan. According to him these traits 
are very specific and may successfully be used in evaluation of mango 
germplasm. Fruit shoulder position, neck prominence and ripe fruit colour are 
of particular importance for characterization of unexplored germplasm. 
Moreover, Someruedee (35) also found similar information regarding fruit 
qualitative traits in Munwaan, Khom and Salaya mango varieties. 
 
Physical characteristics: In case of fruit physical characters, fruit weight, 
pulp weight, peel weight and stone weight were also studied. Maximum fruit 
weight  (429.33 g)  was  found  in  Sindhri  followed  by  Almas  (244.60 g) 
while,   lowest   fruit   weight  (88.5 g)  was  observed  in  Neelum  (Table 6).  
 
Table 6. Fruit physical properties of different mango cultivars under the subtropical 

climate of Faisalabad Pakistan 
 

In columns figures followed by different letters are statistically different at (P ≤ 0.05). 
 

Besides other characters, fruit weight also depends upon the genotypes, 
nutrition programme and cultural practices (fruit thining and pruning). 
Similarly, Ali (4) also found similar information in various indigenous mango 
accessions of Multan region of Pakistan as fruit weight ranged from 51.5 to 
441.7 g. In case of pulp and peel weight, Sindhri excelled with highest pulp 
contents (301 g), and peel weight (42.66 g), while, Neelum and Pope 
exhibited least pulp and peel contents (13g) (Table 6). Similarly, Jillani et al. 
(20) found maximum pulp contents in Fajri and Sindhri varieties. As far as 
stone weight is concerned, Neelum and Sindhri exhibited least (22.75 g) and 
maximum (85.67 g) stone weight, respectively (Table 6). Hossain et al. (16) 
found stone weight in the range of 11.88 to 18.99 g in Amarpali and Malika 

Varieties Fruit weight (g) Pulp weight (g) Peel weight (g) Stone weight (g) 
Almas 244.60c 172.10c 21.60d 50.90b 
Alphonso 281.21b 210.21b 29.76c 41.24c 
Collector 182.50d 111.83d 32.07b 38.61c 
Neelum 88.5g 50.5f 15.25e 22.75e 
Pope 143e 99e 13e 31d 
Shahpasand 147e 105e 14e 28d 
Sindhri 429.33a 301a 42.66a 85.67a 
SS-II 111.67f 59.67 20.65d 31.35d 
LSD (P ≤ 0.05) 10.345 4.239 3.741 6.582 
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mangoes. The variations in case of stone weight were due to different 
varieties and different production locality. 
 

Biochemical attributes: In case of total soluble solids (TSS), Almas 
excelled  with  maximum TSS (17 ºBrix), followed by Neelum (16.20) 
whereas,   SS-II    exhibited    lowest    TSS    (9.3 ºBrix)    value    (Table 7).  
 
Table 7.  Biochemical attributes of different mango cultivars under the subtropical 

climate of Faisalabad Pakistan. 
 

 

Akhtar et al. (3) found TSS in the range of 6.85 to 10.5 °Brix in Langra and 
Dusehri mango cultivars in different mango production regions of Pakistan. 
Almas revealed maximum TA (0.37%), while, Collector showed minimum TA 
(0.19%) (Table 7). 
 
As far as TSS/TA ratio is concerned, maximum TSS/TA ratio (73.68) was 
found in Collector. On the other hand, SS-II exhibited lowest sugar acid ratio 
(26.57) (Table 7). Likewise, Mannan et al. (23) reported TA in the range of 
0.18 to 0.41 percent in Neelum Bori and Amarpali varieties. Maximum 
ascorbic acid (43.5 mg/100 g) was observed in Neelum whereas, SS-II 
exhibited lowest (10.75 mg/100 g) ascorbic acid (Table 7). Similarly, 
Abourayya et al. (1) found more ascorbic acid in Tommy Atkins compared to 
Keitt mangoes. In case of sugars, maximum reducing sugars (RS), non-
reducing sugars (NRS) and total sugars (TS) were found in Pope (9.21%), 
Almas (6.18%) and Pope (11.33%), respectively. On the other hand, 

Varieties TSS (ºBrix) TA (%) TSS/TA (Ratio) AA (mg/100 g) NRS (%) 
Almas 17.0a 0.37a 45.94d 27.9c 3.19b 
Alphonso 12.3c 0.35a 35.14e 29.3c 2.98c 
Collector 14.0b 0.19d 73.68a 36.4b 2.22c 
Neelum 16.20a 0.25c 64.82b 43.5a 8.26a 
Pope 14.10b 0.21c 67.14b 37.4b 9.21a 
Shahpasand 15.4b 0.31b 49.67c 27.56c 2.56c 
Sindhri 11.2c 0.23c 48.69c 19.35d 3.55b 
SS-II 9.3d 0.35a 26.57f 10.75e 3.78b 
LSD (P ≤ 0.05) 1.348 0.034 3.261 2.385 0.451 
Varieties RS (%) TS (%) TC 

( µg/mL FW ) 
AO 

(mMTrolox/g) 
TPC 

(mg/100g) 
Almas 6.18a 9.27b 2.5c 51.3c 0.57 
Alphonso 4.22b 7.20c 1.57d 31.6f 0.43 
Collector 3.89c 6.10c 5.9a 49.3c 0.36 
Neelum 2.34d 10.60a 0.74e 42.0e 0.68 
Pope 2.12d 11.33a 1.32d 79.0a 0.51 
Shahpasand 4.77b 7.33c 0.87e 45.6d 0.53 
Sindhri 5.44a 8.99b 3.43b 63.4b 0.95 
SS-II 3.20c 6.98d 2.11c 40.9e 0.17 
LSD (P ≤ 0.05) 0.512 2.153 0.142 3.682 0.046 
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minimum RS, NRS and TS were found in Collector (2.22%), Pope (2.12%) 
and Collector (6.10%), respectively (Table 7). Hossain et al. (14) also 
reported similar trend of sugars in Bishawanath and Malika mango varieties. 
As far as total carotenoids (TC) and anti-oxidant (AO) are concerned, Sindhri 
(3.43µg mL-1 fruit weight) and Pope (79mMTrolox/g) showed maximum TC 
and AO in all the varieties studies, whereas, total phenolic contents (TPC) 
were found in the range of 0.17 (SS-11) to 0.95 mg/100g (Sindhri) (Table 7). 
Likewise, Manthey and Veazie (23) found TPC ranged from 19.5 to 166.6 mg 
gallic acid/ 100 g in Tommy Atkins and Haden mango varieties. 
 

CONCLUSION 
 

It has been concluded from the present study that significant variations were 
observed in different mango cultivars. These are very useful for the 
identification and characterization of available mango cultivars when 
morphological, physiological and biochemical attributes. Furthermore, the 
beneficial and desirable traits found in the studied mango varieties may 
successfully be exploited in future mango breeding programmes to broaden 
the range of cultivated mango varieties and to extend the harvesting window 
of mango not only in the Punjab Province but also all over the country. 
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