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Abstract    A field study was undertaken to investi-

gate the impact of foliar application of potash and its

spray schedule on quality parameters of sweet or-

ange cv Jaffa during the year 2014-15. The results

revealed that foliar application of KNO
3
 (at the rate of

2 and 4%) and K
2
SO

4
 (at 1.5 and 3.0%) exhibited dif-

ferential response on the quality parameters of sweet

orange cv Jaffa. All the treatments of potash increased

total soluble solids (TSS), total sugar, non-reducing

sugar and reducing sugar over control (water spray)

irrespective of harvesting stage. Maximum value of

the quality parameters was recorded with K
2
SO

4
 at

the rate of 3% and minimum with control. The quality

of all the parameters was found to be improved with

the increase in duration after the last spray. Maximum

TSS, total sugar, non-reducing sugar and reducing

sugar was recorded in the fruit harvested at 45 days

after the last spray and minimum when the fruit was

harvested at 15 days after the last spray irrespective

of treatments. Maximum value of these parameters

was observed with the foliar application of K
2
SO

4
 at

3% recorded at the harvesting stage of 45 days after

the last spray. Three sprays of K
2
SO

4
 at the concen-

tration of 3% done in the last week of April, May and

August resulted in maximum improvement in quality

parameters.

Keywords   Potash, Foliar application, Spray sched-

ule, Quality parameters, Harvesting stage.

Introduction

Citrus is an important fruit crop grown in India.l The

cultivation of citrus in North-Western states of India

has consistently increased due to its high productiv-

ity under various agro-climatic conditions. Applica-

tion of K particularly at anthesis and fruiting stage

had been found to enhance the quality and yield of

citrus [1].

Foliar application of K is related with increased
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Table 1. Effect of foliar application of potassium, spray sched-

ule and harvesting stages on TSS of sweet orange cv Jaffa.

1a. Harvesting stage × Treatment

                                                                  Control

                          KNO
3
              K

2
SO

4
          (water

Treatment     2%       4%      1.5%      3%     spray)    Mean

Harvesting stage

    D
1
: 15 7.89 8.38 8.23 8.46 7.56 8.10

    D
2
: 30 8.26 8.71 8.27 8.66 7.86 8.35

    D
3
: 45 8.52 8.68 8.88 8.97 8.11 8.63

    Mean 8.22 8.59 8.46 8.70 7.84

   CD

(p=0.05)  Treatment (T)–0.09   Harvesting stage (H)–0.07

                T×H–0.16

1b: Harvesting stage × Spray schedule

Harvesting                    Spray schedule

  stage                    S
1
              S

2
                 S

3
          Mean

    D
1
: 15 7.89 8.11 8.31 8.10

    D
2
: 30 8.16 8.39 8.49 8.35

    D
3
: 45 8.45 8.58 8.87 8.63

    Mean 8.16 8.36 8.56

   CD

(p=0.05) Harvesting stage (H)–0.07  Spray schedule (S)–0.07

               H × S–NS

1c: Treatment × Spray schedule

                                    Spray schedule

Treatment         S
1

  S
2

  S
3

Mean

T
1
: KNO

3
 2% 7.85 8.31 8.51 8.22

T
2
: KNO

3
 4% 8.55 8.49 8.72 8.59

T
3
: K

2
SO

4
 1.5% 8.15 8.45 8.77 8.46

T
4
: K

2
SO

4
 3% 8.44 8.70 8.94 8.69

T
5
: Control

(water spray) 7.83 7.86 7.83 7.84

Mean 8.16 8.36 8.55

CD

(p=0.05)     Treatment (T)–0.09   Spray schedule (S)–0.07

                   T × S–0.16

Table 2. Effect of foliar application of potassium, spray sched-

ule and harvesting stages on total sugar of sweet orange cv

Jaffa.

2a. Harvesting stage × Treatment

                                                                  Control

                          KNO
3
              K

2
SO

4
          (water

Treatment     2%       4%      1.5%      3%     spray)    Mean

Harvesting stage

    D
1
: 15 6.42 6.77 6.52 6.71 6.05 6.50

    D
2
: 30 6.59 6.78 6.61 6.92 5.93 6.57

    D
3
: 45 6.84 6.94 7.09 7.17 6.50 6.91

    Mean 6.62 6.83 6.74 6.93 6.16

   CD

(p=0.05)  Treatment (T)–0.07   Harvesting stage (H)–0.05

                T×H–0.12

2b: Harvesting stage × Spray schedule

Harvesting                    Spray schedule

  stage                    S
1
              S

2
                S

3
           Mean

    D
1
: 15 6.37 6.44 6.68 6.50

    D
2
: 30 6.41 6.61 6.68 6.57

    D
3
: 45 6.76 6.87 7.09 6.91

    Mean 6.51 6.64 6.81

   CD

(p=0.05) Harvesting stage (H)–0.05  Spray schedule (S)–0.05

               H × S–NS

2c: Treatment × Spray schedule

                                    Spray schedule

Treatment         S
1

  S
2

  S
3

Mean

T
1
: KNO

3
 2% 6.40 6.65 6.81 6.62

T
2
: KNO

3
 4% 6.72 6.78 6.99 6.83

T
3
: K

2
SO

4
 1.5% 6.52 6.69 7.01 6.74

T
4
: K

2
SO

4
 3% 6.74 6.93 7.12 6.93

T
5
: Control

(water spray) 6.19 6.16 6.13 6.16

Mean 6.51 6.64 6.81

CD

(p=0.05)     Treatment (T)–0.07   Spray schedule (S)–0.05

                   T × S–0.12

translocation of sugars from leaves to fruits [2]. Its

impact on yield and quality parameters has been stud-

ied by different workers in various crops such as

guava [3], banana [4], mango [5], pear [6], kokum [7]

and kinnow mandarin [8]. The studies on the influ-

ence of foliar application of different sources of K

and its schedule on quality aspects in sweet orange

are hardly traceable. The present investigation was,

thus, undertaken to evaluate the impact of foliar ap-

plication of potassium and timing of its application

on quality parameters in sweet orange cv Jaffa under

agro-climatic conditions of western Haryana.

Materials and Methods

The present investigation was conducted at experi-

mental orchard of Department of Horticulture, CCS
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Table 3. Effect of foliar application of potassium, spray sched-

ule and harvesting stages on non-reducing sugar of sweet or-

ange cv Jaffa.

3a. Harvesting stage × Treatment

                                                                  Control

                          KNO
3
              K

2
SO

4
          (water

Treatment     2%       4%      1.5%      3%     spray)    Mean

Harvesting stage

    D
1
: 15 3.80 4.04 3.91 4.02 3.62 3.88

    D
2
: 30 3.92 4.02 3.90 4.12 3.55 3.90

    D
3
: 45 4.03 4.11 4.15 4.25 3.87 4.08

    Mean 3.92 4.06 3.99 4.13 3.68

   CD

(p=0.05)  Treatment (T)–0.05   Harvesting stage (H)–0.04

                T×H–0.08

3b: Harvesting stage × Spray schedule

Harvesting                    Spray schedule

  stage                    S
1
              S

2
                S

3
           Mean

    D
1
: 15 3.79 3.86 3.99 3.88

    D
2
: 30 3.83 3.92 3.96 3.90

    D
3
: 45 3.96 4.06 4.22 4.08

    Mean 3.86 3.95 4.06

   CD

(p=0.05) Harvesting stage (H)–0.04  Spray schedule (S)–0.04

               H × S–0.06

3c: Treatment × Spray schedule

                                    Spray schedule

Treatment         S
1

  S
2

  S
3

Mean

T
1
: KNO

3
 2% 3.81 3.93 4.01 3.92

T
2
: KNO

3
 4% 3.97 4.02 4.18 4.06

T
3
: K

2
SO

4
 1.5% 3.84 3.97 4.16 3.99

T
4
: K

2
SO

4
 3% 3.97 4.14 4.27 4.13

T
5
: Control

(water spray) 3.69 3.68 3.66 3.68

Mean 3.86 3.95 4.06

CD

(p=0.05)     Treatment (T)–0.05   Spray schedule (S)–0.04

                   T × S–0.08

Haryana Agricultural University, Hisar (Haryana) dur-

ing the year 2014-15. Forty five sweet orange cv Jaffa

trees having uniform size and plant vigor were se-

lected for investigation. The experiment comprised of

four treatments of K fertilizers and its rate of applica-

tion viz. potassium nitrate at 2 (T
1
) and 4% (T

2
), po-

tassium sulfate at 1.5% (T
3
) and 3.0% (T

4
) which were

compared with T
5
 i.e. control (water spray). There were

three spray schedules i.e. S
1
 (two sprays in the last

week of April and August), S
2
 (two sprays in the last

week of May and August) and S
3
 (three sprays in the

last week of April, May and August). All the fifteen

treatments were replicated three times taking one plant

as a single unit in randomized block design (RBD).

Uniform cultural practices and plant protection mea-

sures were followed for these trees throughout the

study period as per package of practices [9].

The total soluble solids (TSS) of five randomly

selected fruits was determined at room temperature

by using Hand Refractometer having a range of 0 to

32, by placing a drop of juice and taking the readings.

The Refractrometer was calibrated with distilled wa-

ter with every use and the values were expressed in

degree brix. Sugars were analysed by using standard

method of sugar estimation [10]. For analyzing the

reducing sugars, 5 ml of diluted juice was taken in a

test tube and 5 ml of potassium ferricyanide solution

was added to it. The tubes were covered with alu-

minium foil and kept for 15 minutes in boiling water

bath. After cooling under water tap, 5 ml of potassium

iodide solution followed by 3 ml of acetic acid solu-

tion were added in each test tube. The liberated io-

dine was titrated with sodium thiosulfate solution

(0.01N) using starch as an indicator.  The end point

was the disappearance of blue color and the appear-

ance of milky white color. A blank was also run simul-

taneously. The results were calculated by using the

following formula and expressed in per cent:

mg of sugars/5 ml of diluted juice (X) = [(ml of

sodium thiosulfate used in blank–ml of sodium thio-

sulfate used for sample) + 0.05] × 0.338.

                                       ‘X’ × dilution factor

     Reducing sugars (%) = –––––––––––––––– × 100

                                       ml of sample × 1000

To determine total sugars, 10 ml of diluted juice

was taken in test tube and 2 ml concentrated HCl was

added and kept for 15 minutes in water bath at 68oC

temperature. Acidity was neutralized by adding an-

hydrous sodium carbonate till the effervescence

stopped. After this, the volume was made to 25 ml

and total sugars were then determined as per proce-

dure described in reducing sugars. The non-reduc-

ing sugar was determined by subtracting the value of
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Table 4. Effect of foliar application of potassium, spray sched-

ule and harvesting stages on reducing sugar of sweet orange cv

Jaffa.

4a. Harvesting stage × Treatment

                                                                  Control

                          KNO
3
              K

2
SO

4
          (water

Treatment     2%       4%      1.5%      3%     spray)    Mean

Harvesting stage

    D
1
: 15 2.62 2.73 2.61 2.69 2.44 2.62

    D
2
: 30 2.67 2.76 2.70 2.81 2.39 2.67

    D
3
: 45 2.81 2.83 2.94 2.92 2.70 2.84

    Mean 2.70 2.77 2.75 2.80 2.48

   CD

(p=0.05)  Treatment (T)–0.04   Harvesting stage (H)–0.03

                T × H–0.07

4b: Harvesting stage × Spray schedule

Harvesting                    Spray schedule

  stage                    S
1
              S

2
                S

3
           Mean

    D
1
: 15 2.58 2.58 2.69 2.62

    D
2
: 30 2.59 2.69 2.72 2.67

    D
3
: 45 2.82 2.81 2.88 2.84

    Mean 2.66 2.69 2.76

   CD

(p=0.05) Harvesting stage (H)–0.03  Spray schedule (S)–0.03

               H × S–0.05

4c: Treatment × Spray schedule

                                    Spray schedule

Treatment        S
1

  S
2

  S
3
         Mean

T
1
: KNO

3
 2% 2.59 2.72 2.80 2.70

T
2
: KNO

3
 4% 2.75 2.76 2.81 2.77

T
3
: K

2
SO

4
 1.5% 2.68 2.72 2.85 2.75

T
4
: K

2
SO

4
 3% 2.77 2.79 2.85 2.80

T
5
: Control

(water spray) 2.50 2.48 2.47 2.48

Mean 2.66 2.69 2.76

CD

(p=0.05)     Treatment (T)–0.04   Spray schedule (S)–0.03

                   T × S–0.11

reducing sugar from the estimated total sugar for each

sample.

Results and Discussion

Total soluble solids increased significantly with all

potassium treatments over control which also differed

significantly among each other and there was an in-

crease in TSS with the increase in doses of KNO
3
 and

K
2
SO

4
, irrespective of spray schedule (Table 1a, 1b

and 1c). The perusal of data reveal that maximum TSS

(8.70obrix) was recorded with K
2
SO

4
 @ 3%, whereas,

minimum value (7.84obrix) with control. All the spray

schedules increased the TSS content and maximum

TSS (8.56obrix) was recorded with three sprays of

potassium in the last week of April, May and August,

whereas, minimum TSS (8.16obrix) was found with two

spray of potassium in the last week of April and Au-

gust. TSS content was significantly influenced by

harvesting stages. TSS content increased significantly

with every increase in the harvesting interval. This

shows that fruits are approaching towards maturity

and ripening. Maximum TSS (8.63obrix) was recorded

in fruits harvested at 45 days after last spray and

minimum value (8.10obrix) at 15 days after last spray.

The interactive effect of treatments and harvesting

stages was also found significant and maximum TSS

(8.97obrix) was recorded with K
2
SO

4
 @ 3% at 45 days

after last spray. This further reveals that K foliar spray

advances the maturity by increasing the quality pa-

rameter at early stage. The increase in TSS content

with foliar application of K is related with role of po-

tassium in the synthesis of more carbohydrates and

its translocation from leaves to fruits [2]. Increase in

TSS with the increase in K concentration or number

of K spray from two to three in fruit plants has also

been reported by other workers [6], [8], [11].

All the potassium treatments increased signifi-

cantly total sugar, reducing sugar and non-reducing

sugar content over control (Table 2a, 2b and 2c) and

which also differed significantly among each other

and there was an increase in sugar content with an

increase in K doses of KNO
3
 and K

2
SO

4
, irrespective

of spray schedule. Maximum total sugar (6.93%), non-

reducing sugar (4.13%) and reducing sugar (2.80%)

were recorded with K
2
SO

4
 @ 3% and minimum value

with control. Sugar content differed significantly

among the spray schedule )Tables 3 and 4). However,

there was an increase in sugar content with the in-

creased frequency of potassium sprays and spray in

the later stages (May and August, and April, May

and August) as compared to earlier stages (April and

August). This reflects that K foliar application during

May and August; and April, May and August ad-
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vances the maturity by increasing the quality param-

eters in fruit and the effect of K
2
SO

4
 was some what

more pronounced. Maximum total sugar (6.81%), non-

reducing sugar (4.06%) and reducing sugar (2.76%)

were recorded with three sprays of potassium in the

last week of April, May and August. Harvesting

stages significantly influenced the sugar content and

maximum sugar content was recorded at 45 days after

last spray, whereas, minimum value was recorded at

15 days after last spray. Interactive effect of treat-

ments and harvesting stages significantly influenced

sugar content. Maximum total sugar (7.17%) and non-

reducing sugar (4.25%) was with K
2
SO

4
 @ 3% re-

corded at 45 days after last spray, whereas, reducing

sugar was found maximum (2.94%) with K
2
SO

4
 @

1.5% recorded at 45 days after last spray which was

at par with K
2
SO

4
 @ 3% recorded at 45 days after last

spray. Higher sugar content can be explained by the

role of K in translocation of sugars from leaves to

fruits [2], [8]. These results are in accordance with the

earlier findings in guava [3], in banana [4], in mango

[5] and in pear [6]. In contrast, sugar content of juice

did not vary significantly with K treatments. How-

ever, maximum total and reducing sugar increased with

all the potassium treatments in Kinnow mandarin [12].

From the present study it can be inferred that

foliar application of K
2
SO

4
 at the rate of 3% done in

the last week of April, May and August was found

superior to K
2
SO

4
 at lower dose (1.5%) and KNO

3
 at

both the doses (2 and 4%) in combination with two

spray (either in the last week of April and August or

May and August) or three sprays in improving total

soluble solids, total sugar, non-reducing sugar and

reducing sugar. All the quality parameters improved

with the increase in duration of fruit harvesting after

the last spray done in the last week of August which

was the highest in the fruits harvested at 45 days

than when harvested at 15 or 30 days after the last

spray irrespective of K treatments or spray schedule.

However, these value were the highest with the foliar

application of K
2
SO

4
 at 3%.
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