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ABSTRACT

Plants require a balanced nutrition program formulated to provide specific needs for maintenance and
for expected production performance. Hence this experiment was conducted to evaluate the optimum
level of phosphorus and potassium for growth and productivity of young Kinnow (Citrus reticulata
Blanco) plants. The experiment was designed under Randomized Complete Block Design (RCBD)
comprised with seven treatments and replicated thrice. The treatments included, T1= 200 g P,Os + 200
g K20, T,= 150 g P,0s + 200 g K20, T3= 250 g P.Os + 200 g K;0, T4= 300 g P>0s + 200 g K0, Ts=
250 g P20s + 150 g K20, Te= 200 g P,Os + 250 g K,O and T,= 200 g P20s + 300 g K,O. Maximum
plant height (3.12 m) and Juice (43.48%) was observed in Ts= 250 g P,Os + 150 g K,O. The highest
number of flush (33.08), number of leaves (101.25 m?), length of flush (13.75 cm), Seed weight (1.33
g), Aborted seeds/fruit (8), mature seed fruit (5.48) were noted in T;. Leaf area index and peel
thickness were significantly increased in Te= (200 g P2Os + 250 g K»0) with values 1.91 cm® and 4.30
mm respectively. So, it is concluded that Ts= 250 g P,Os + 150 g K>O and T-= 200 g P,Os + 300 g K;O

is the best treatments for the growth and better yield of young Kinnow plants.
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INTRODUCTION

Kinnow (Citrus reticulata Blanco) is a main fruit
among citrus group and is liked by all type of
people due to its outstanding flavor, nutritional
values, rich in vitamin-C and more juice contents
(Khan et al., 2016). Citrus is the important fruit
crop of Pakistan relative to area, yield and
export. It provides 95% stake of annual citrus
exports from Pakistan (Tahir et al., 2014).
Pakistan is at 13" number with production of
2.35 million tons and area of 1.84 thousand
hectare (Anonymous, 2018-19).

Share of Punjab province is the highest due
to its climate (Niaz, 2004). Sargodha, Sahiwal
and Toba Tek Singh are the main citrus
producing districts in Punjab. At this point
Sargodha is the leading citrus producing district,
with almost 23 percent of Pakistan’s total citrus
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plantings (Niaz, 2004). However, the demand of
Pakistan Kinnow fruit is more than as compared
to other mandarin group member, however our
exporting potential is merely 8% due to large
portion going waste due to infertile soil, poor
fertilizer management practices, poor
management during harvesting, transportation,
packaging and storage (Amina et al., 2018).

Plant nutrient management can impact on
plant characteristics like flowering, fruit set, fruit
size and the volume of vegetative growth. By
wisely picking the constituents of fertilizer
programme, the farmer can encourage the crop
toward earlier and heavy fruit setting (lbrahim et
al., 2004; Abd-Allah, 2006). The balanced
nutrition has been paid less consideration in
agricultural areas of the developing world.
Nutrients are significant for plant growth and
development. (Alva et al., 2006).
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The macro-nutrients particularly nitrogen
(N), phosphorus (P) and potassium (K) are
required by the citrus plant in higher amount
than any other crop. They plays a vital role in
yield, along with fruit quality (Albrigo, 2002;
Storey et al.,, 2002; Srivastava et al., 2009;
Hammami et al., 2010; Lester et al., 2010; Liu et
al., 2010). Phosphorus performs various
vigorous functions in the plant photosynthesis,
enzyme activity, metabolism and movement of
sugars (Davies et al, 1994b). Minimum
phosphorous contents in leaves have been
described to produce misshaped poor quality
Kinnow mandarin fruit along open centers, rough
and thickened peel and low acidity in juice (Raza
et al.,, 1999). Citrus fruit tree takes up more
amount of potassium (K) compared to other
macronutrients (Ashraf et al., 2010; 2012). Since
it has an important part in many key physical
processes like water relations, opening and
closing of stomata, cell division, formation of
sugars and starch, neutralization of organic
acids, making of proteins, and activation of
enzymes (Liu et al.,, 2000; Srivastava et al.,
2006). Potassium increases citrus fruit quality by
improving fruit size, juice contents, color, size
and juice flavor (Tiwari, 2005; Ashraf et al.,
2010). So, inadequate quantity of K may affect
the yield and quality of citrus fruit and quicken
the fruit dropping. The K plays a regulatory role
in physiological and bio-chemical processes of
citrus plant (Davies et al., 1994a). The K
application has also been described to show
significant role in the acid metabolism of the
citrus juice (Achilea et al., 2002).

The development of young trees is more
speedy as compared to fruiting tree, so the
amount of macronutrients is more essential to
accomplish the requirement of these fast
growing trees and growth. But commonly
research has been showed everywhere in the
world on mature citrus trees hence there is a
dire need to evaluate the outcomes of
macronutrients (P and K) on young citrus trees
on growth, fruit quality and vyield (Obreza.,
2001). This experiment was directed to
determine the fertilizer application program for
young plants. The main aim of experiment were
to enhance doses of P and K for young citrus
plants, regulate the response of various doses of
Phosphorus and Potassium application on yield
and yield contributing factors and to analysis the
effect of different doses of phosphorus and
potassium on fruit quality.
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MATERIALS AND METHODS
This study was conducted at the research area
of Horticultural Research Institute, Ayub
Agricultural  Research  Institute  (31.42°N,
73.09°E longitude, altitude 189 m) Faisalabad
Pakistan during year 2017-2019. This area falls
in a sub-tropical zone, with warm summer and
moderate winter. Approximately 18.88 mm
rainfall throughout cropping duration along with
relative humidity of 29.07%. Average maximum
and minimum temperature throughout the
cropping season were 36.46°C and 28.46°C,
respectively. The soil was loamy in texture,
alkaline (8.1) in reaction and low in organic
matter (0.86%). The research was carried out on
five years old Kinnow mandarin plants grafted
on rough lemon rootstock. During the course of
experiment, cultural practices such as weeding,
hoeing, irrigation, fertilization and insect pest
management were done where and when
needed. The trees were applied with the
recommended doses of nitrogen fertilizer into
three split doses to maintain the plant vigor and
the growth. The soil application of fertilizers was
done in February with dose of nitrogen and rest
of doses were applied in April and September.
The research was carried out on five years
old Kinnow mandarin (Citrus reticulata Blanco.)
plants grafted on rough lemon rootstock. The
experiment consisted of the following treatments
replicated thrice.

T1 =200 g P,0s + 200 g K20
T, = 150 g P2Os + 200 g K,0
Ts = 250 g P,0s + 200 g K20
T4 =300 g P,0s + 200 g K20
Ts = 250 g P2Os + 150 g K,0
Te = 200 g P,0s + 250 g K20
T; = 200 g P,0s + 300 g K20

Morphological parameters

Plant height (m)

Plant height was measured in meters with the
measuring pole by placing the pole close to the
tree. The initial reading was taken in the month
of January 2017 and the final reading was in the
month of January 2018. The difference between
initial and the final reading was taken as the
increased height in response to the treatment
application.

Plant spread (m)

The plant spread was measured in meters by
two way observations from North-South and
East-West with the measuring tape. Their mean
values were considered as the actual spreading
of the tree.
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Plant canopy volume (m3)

Plant canopy volume (CV) was calculated using
the following formula after measuring the outer
peripheral branches of the plant canopy in East-
West and North-South directions (Smit, 2008).
Canopy Volume = H x S? x 0.3852

Where H = Plant height, S = Plant Spread

Stock-scion ratio (cm)

Vernier caliper was used for measurement of
stock-scion girth at 2 inches above the graft
union of R/S.

Number of new leaves per flush

Total number of new leaves or nodes were
counted on each tagged flush in both active
growth seasons i.e., spring and autumn.

Number of flushes per m?

Total number of flushes were counted in both
active growth seasons spring and autumn. The
data was taken by counting the total number of
new flushes per square meter from four sides of
the tree.

Length of new flushes (cm)

Five new flushes were tagged per square meter
from four sides of tree and their mean values
were calculated.

Leaf Area Index

For calculating LAI, leaves were collected from
four sides of the plant per treatment and
measured by using leaf area meter (CI-203 Leaf
Area Meter Inc. Japan).

Leaf area
Surface area

LAI =

Fruit weight (g)

Fruit weight was calculated by taking 10 fruits
per treatment on digital electric balance and
average was calculated in grams.

Fruit size (mm)

Fruit size of sampled fruit was measured in
millimeter with the help of digital Vernier caliper
and the average was taken.

Peel thickness (mm)
Peel thickness was calculated in millimeter by
using digital Vernier caliper for sampled fruits.

Rag (membranes and cores) %
Rag% was calculated by the following formula in
percentage (Umar.M. et al., 2017)
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Average peel weight of fruit (gm)
Average fruit weight (gm)

Rage% = X 100

Juice %
Juice weight percentage was calculated by
using the following formula:

Average juice weight (qm)
Average fruit weight (gm)

Juice weight%= X 100

Number of seeds per fruit

To count the total number of seeds per sampled
fruit, five fruits were taken as a sample from
each side of the tree of the respective treatment.
Average weight of seed per fruit

Weight all the seed in representative fruit
sample and were averaged. Weighing unit of
seed were expressed in grams.

Average number of mature and aborted
seeds per fruit

Mature as well as aborted seeds of each fruit
were counted sample wise and was averaged.

Statistical Design and Analysis

The data was analyzed by using software
(version 8.1) through Randomized Complete
Block Design (RCBD) to obtain analysis of
variance (ANOVA). Means of all treatments
were compared pair wise by lest significant
difference test (LSD) and significance was
tested at 5% significance level.

RESULTS AND DISCUSSION
Plant height
Our results indicated that effect of phosphorus
and potassium on plant height was non-
significant. Plant height was taken into
consideration to determine the role of different
levels of phosphorus and potassium on the
vegetative performance of the tree. Although
results were non-significant but maximum plant
height 3.12 m was observed in T5 (2509 P,Os +
150g K,0) whereas, minimum plant height 2.96
m was shown in T, (300g P,Os5 + 200g K,0).
Shirgure et al. (2013) found that biometric
growth parameters of Nagpur mandarin revealed
that out of various growth parameters, plant
height produced a non-significant effect in
relation to P and K treatments. Same results of
plant height were found in close consonance
with (Ahmed et al., 2001; Dudi et al., 2007;
Barak et al., 2012) they studied similar results.

Plant spread (m)
Results of plant spread was revealed non-
significant. Maximum plant spread (2.61 m) was
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observed in T, (200g P,Os + 200g K,0) followed
by Ts (250g P,Os + 150g K,0) showed 2.44 m.
While minimum (2.18 m) plant spread was found
in T, (150g P,O5 + 200g K,0). The observations
are closely related to (Dudi et al., 2007; Ibe et
al., 2011and Ashkevari et al., 2013) they studied
the response of fertilizer (P, K) and described
non-significant results in Thomson novel.
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Figure 1. Effect of P and K on plant height of young Knnow
plants
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Figure 2. Effect of P and K on Plant spread of young

Kinnow Plants

Plant canopy (m?)

The efficiency of the use of nutrients and other
resources by tree depends upon the tree canopy
volume. Data was collected and indicated
overall non-significant results among treatments
as shown in (Figure 3). Statistical evaluation of
the data depicted that maximum value (10.75
m® was indicated by T; (200g P,Os + 200g
K,0).While minimum value (7.86 m3) depicted
by T, (150g P,Os + 200g K,0).

Our results are confirmed the findings of
Shirgure et al. (2013) reported that canopy of
plant showed non-significant results in Nagpur
mandarin plant. The results of the present
investigation are in line with the findings of
Barakat et al. (2012) in Naval orange Obreza
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(2001) in Grape fruit and Ibe et al., (2000) in
sweet orange.
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Figure 3. Effect of P and K on Plant Canopy of young
Kinnow

Stock scion girth ratio (cm)

Stock scion girth reflected the most responsible
index of tree vigor. Results indicated that there
was no overall significant effect of phosphorus
and potassium on stock scion girth ratio.
Resultantly the T, (200g P,Os + 200g K,0) with
value show highest stock scion girth ratio (1.09
cm). Lowest plant canopy (0.95 cm) was seen in
T, (150g P,Os + 200g K,0). Our results
confirmed the findings of Shirgure et al. (2013)
reported that effect of phosphorus and
potassium non-significant on the stockscion
girth. Ahmed et al. (2001) concluded that
different levels of phosphorus and potassium
clearly showed non-significant results regarding
citrus plant girth.
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Figure 4. Effect of P and K
Kinnow plants

stockscion girth on young

Number of flushes per m?

The data indicates that phosphorus and
potassium had a significant effect on the number
of new flushes among all treatments. It was
examined that maximum value 33.08 m” was
found in T; (200g P,Os + 300g K,0), followed by
31.29 m® T¢ (200g P,0s + 250g K,O). While
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minimum no. of flushes (24.67 m?) recorded in
T3 (2509 P,0s + 200g K;0).

(Dudi et al.,, 2007; Ashkevari et al., 2013)
and Smith, Cheary and Carroll (1995) studied
the growth behavior of the citrus plant and found
a significant interaction was detected for the
number of current-season shoots produced from
phosphorus application slightly increased the
number of current-season shoots.
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Figure 5. Effect of P and K on Number of Flush in Young
Kinnow

Noumber of leaves per m? on new flushes
Leaves are considered as the most active part
as for the plant nutrient metabolism. The
statistical analysis of data regarding to the
number of leaves per m? on flushes revealed
highly significant results. Application of different
levels of P and K had maximum number of
leaves was observed in T; (200g P,Os + 300g
K,0O) with 101.25 as showed in (Figure 6).
Minimum value perceived by T3 (2509 P,Os +
200g K,0) depicted 65.41. (Dudi et al.,, 2007,
Ashkevari et al., 2013) reported that phosphorus
application significantly effected on number of
leaves per shoot from 54.22 to 72.05 at 320 and
480g P,0s per plant levels of P application
Similarly dose of potassium 210g per plant also
increased significantly number of leaves.
Phosphorus is a necessary nutrient for energy
production and hence can affect different plant
growth parameters i.e. number of leaves and
Potassium is important for water efficient use by
plant and other functions including the activity of
enzymes affecting plant growth.

Length of flushes (cm)

The data depicted highly significant results of
length of flushes. Highest length of flushes
(13.97cm) was noted in T, (300g P,0Os+200g
K,0) in young Kinnow plants. Moreover lowest
value depicted by T; (200g P,Os + 200g K,O)
showed the minimum mean value (12 cm) in
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length of flushes. Dudi et al. (2007) described
that flush length significantly increased at P,0Os
320g and 210g K,O application per plant of
Kinnow.
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Figure 6. Effect of P and K on No. of Leaves on Young
Kinnow plants
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Figure7. Effect of P and K on Length of flushes of young
Kinnow plants

Leaf area index (LAI)

Leaf area index results depicted significant
results. Maximum leaf area index (1.58 cm®) was
found in Tg (200g P,Os + 250g K,0). Leaf area
increased, because K enhances the rate of
photosynthesis. Same results were observed
Barakat et al. (2012) and described that leaf
area was significantly affected by K fertilization
dose. Lowest value of leaf area index (1.26 cm3)
was recorded in T, (200g P,Os + 200g K,0).

Our results also confirmed the findings of Al
et al. (2004) reported that the lowest leaf area
index (1.94) was observed in treatment where
less phosphorus was applied. (Singh et al.,
1983; Yahiya et al. 1995) have found the similar
findings that leaf area index increased with
application of phosphorus fertilizer.

Fruit weight (g)

According to the mean values of fruit weight
ranges from 93.03-73.37g. Maximum fruit weight
(93.03g) was observed in T; (200g P,Os+200g
K,0), and similarly T, (1509 P,0s+200g K,O)
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with value 89.33g. While the minimum fruit
weight (73.37 g) was found in T, (200g P,Os+
300g K,0), which was statistically different from
other treatments.

Results indicated the prominent effect of
maximum 300g/plant K application increased the
fruit weight. So there should be more fruit weight
if having more K in leaves of plant. In this
context our results confirmed the findings (Dudi
et al., 2007; Shirgure et al., 2013) reported that
fruit weight response was non-significant to
phosphorus and potassium fertilizers sources.
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Figure 8. Effect of P and K on No. of Leaves on Young
Kinnow plants
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Figure 9. Effect of P and K on Number of Fruit weight on
Young Kinnow plants

Peel thickness (mm)

Peel thickness is an important parameter of fruit
quality and statistically data pertaining the result
showed non-significant effect for peel thickness.
Treatment Tg (200g P,Os + 2509 K,0) had the
maximum peel thickness (4.30 mm), which was
statistically different from other treatments.
While T, (200g P,Os + 200g K,O) with minimum
(3.14mm) peel thickness values.

In this context the results confirmed the
results of Zaied, Khafagy, and Saleh (2006) on
Washington navel orange responses P
fertilization decreased rind thickness. Dubey et
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al. (2003) peel thickness was not affected
significantly by application of potassium.
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Figure 10. Effect of P & K on peel thickness of kinnow

Number of seeds (seeds/fruit)

The analysis of variance showed significant
effect of phosphorus and potassium on number
of seed per fruit of young plants. The perusal of
(Figure 11) shows that means for number of
seeds per fruit ranges from (7.73- 12.33) seeds
per fruit. Maximum number of seeds (12.33
seeds/fruit) were found in T; (200g P,Os + 300g
K,O). Whereas, minimum value 7.73 was
observed in T (200g P,0s5 + 2509 K,0).

Our findings were closely related with Saeed
et al. (2011) they found that number of seed was
significantly affected by phosphorus and
potassium fertilizers.
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Figure 11. Effect of P and K on Avg. no. of seeds in kinnow

Seed weight (g)

Analysis of variance (Figure 12) showed non-
significant effect of P and K on seed weight.
Maximum seed weight 1.33 g was recorded in T,
(200g P,0s5 + 300g K,0), which was statistically
different from other treatments. Lowest seed
weight showed by T; (250g P,Os + 200g K,O)
with mean value 0.29g.

Results showed overall non-significant effect
of P and K on weight of seeds per fruit. Our
results are confirmed findings of (Saeed et al.
(2011; Ashkevari et al., 2013) concluded that
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non-significant differences were found among
different levels of phosphorus and potassium for
seed weight.
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Figure 12. Effect of P & K on Avg. seed weight of kinnow

Aborted seeds per fruit
According to (Figure 13) mean values for the
number of aborted seeds in kinnow mandarin
ranges from 8- 1.93 seeds per fruit. The
maximum number of aborted seeds (8) was
observed in case of T, (200g P,0Os + 300g K,0),
which was statistically different from other
treatments. While minimum value 1.93 shows by
Ts (2509 P,0Os + 1509 K,0).

Our results confirmed the findings by (Altaf,
Khan and Hussain (2008; Ashkevari et al. 2013)
reported that PK effected on aborted seed

significantly.
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Figure 13. Effect of P and K on Avg. no. of aborted seeds in
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Mature seeds per fruit

Observations regarding the effect of P and K on
the number of mature seeds in Kinnow mandarin
were statistically significant as shown (Figure
14). Data showed that maximum number of
mature seeds were 5.48 found in T; (200g P,Os
+ 300g K,0O) while lowest number of mature
seeds were found in 2.53 in T3 (250g P,0Os +
2009 K;0). Results concluded that there is some
effect of treatments on number of mature seeds
in fruits. Number of healthy seeds might also be
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affected by nutritional imbalance, like deficiency
of phosphorus can increase the seediness in
fruits.

Different levels of P and K effected
significantly on number of aborted of citrus.
Results are confirmed the findings of (Altaf et al.
(2008; Ashkevari et al., 2013) reported that P,Os
and K,O effected significantly.
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Figure 14. Effect of P and K on Mature seeds of kinnow fruit

Juice %

Result regarding juice percentage revealed non-
significant difference for treatments (Figure
15).The highest juice percentage 43.48% was
observed in case of Ts (2509 P,O5 + 150g K,0).
Moreover, minimum juice % (31.19) was
observed in treatment T, (200g P,Os + 300g
K,0) respectively.

Our results in line with the findings of Salik
et al. (2000) reported that with the application of
phosphorus and potassium showed non-
significant results regarding juice% in Kinnow.
The results confirmed the findings of Obreza
and Rouse (1993) juice concentration was
unaffected by fertilizer rate.

oo | A T &
30 6O 4 bel L -
%500 4
¥ o #1500 F 150 g f 5 3] ¥ %]
200 "N g » 0 3009

p. ] . - ; g K 1%y

Tredrsants

Figure 15. Effect of P and K on juice % of kinnow fruit

Rag %

The fruit physical analysis profile is incomplete
without the inclusion of rag weight percentage.
The perusal of this table shows that the means
of rag % ranges from 16.89-28.74%. Maximum
rag% was recorded in case of T, (200g P,Os5 +
200g K,0O) control and minimum rag % was
noticed 16.89% in T (250g P,Os + 150g K,0).
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Our findings showed non-significant results.
Phosphorus and Potassium fertilizers not
effected on rag%. (Wang et al.,, 2006; Dudi et
al., 2007 and Ashkevari et al.,, 2013) and)
studied that the effect of phosphorous and
potassium on rag% non-significantly.

4000
3500
.00
2500
20.00
1500
10.00

5.00

100

1698

ag %

30¢P. 2609 P-300g P 20 g 2
00¢< 2009 K 2009 K 150g X 250 K 300g

Treatments

Figure 16. Effect of P and K on rag% of kinnow fruit

CONCLUSION

This study unravel the effect of different
combinations and doses of phosphorous and
potassium fertilizers upon various parameters of
young Kinnow. The verified parameters were
plant height, plant spread, No. of flushes, length
of flushes, No. of leaves, Leaf area index, Seed
weight, Aborted seeds, Mature seed, Peel
thickness, Juice% and Rag%. The treatment
with combination of 250 g P,O5 + 150 g K,O and
200 g P,0Os + 300 g K,0 is recommended to get
better quality fruit.
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