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ABSTRACT 
Potassium is an essential macro-element that has a key role and beneficial effects in yield increase and quality 
improvement of agricultural products. To investigate the effects of potassium nitrate foliar application with a reduction 
in pH on the potassium absorption and some nut characteristics of Pistacia vera cv. Kalleghouchi, an experiment was 
conducted in completely randomized design with seven treatments in three replications in Rafsanjan. The treatments 
included T1- control, T2- potassium nitrate 2000 mg/l, T3- potassium nitrate 2000 mg/l with pH 6, T4- potassium 
nitrate 2000 mg/l with pH 5, T5- potassium nitrate 4000 mg/l, T6- potassium nitrate 4000 mg/l with pH 6 and T7- 
potassium nitrate 4000mg/l with pH 5 that applied in nut filling stage. According to results, leaf potassium content was 
significant at 1% level. The maximum leaf potassium was obtained in T7 but there was no significant difference between 
the T7 and T6; the minimum was in T1. Nut characteristics such as the percentage of split nuts and non-split nuts and 
the number of grains per ounce were significant at 1% level. The most percentage of split nuts, the least percentage of 
non-split nuts and the least number of grains per ounce were obtained in T7.  According to the results, a reduction in pH 
caused the more absorption of potassium and applying potassium nitrate 4000mg/l with pH 5 had more favorable effect 
than other treatments in potassium absorption and the improvement of nut characteristics. 
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INTRODUCTION 
Potassium is the third basic nutrient element for plant growth which plays a leading role in enzyme 
activity, protein synthesis and plant photosynthesis [1]. In pistachio trees, experiments of Zeng et al [1] 
showed that after nitrogen, potassium is the second element with maximum absorption from the soil per 
year. The main symptom of lack of potassium in the trees is leaf’s margin burn; but it should be noted that 
this burn is not seen in the early season and gradually becomes clear. Another outcome of lack of 
potassium is sensitivity to sun burn and smaller split of ripe nuts [3]. This element plays an important 
role in increasing the performance of pistachio trees. Studies showed that during “on-years” of pistachio 
trees, the absorbed potassium is directly consumed in the embryo or pith but during “off-years” the 
absorbed potassium by the roots is stored in other organs; hence, the concentration of potassium in the 
leaves at the “on-years” is less than “off-years”. As a result, potassium fertilizers should be added in 
orchards during “on-years” [4]. Zeng et al [5] stated that the concentration of potassium is changed in the 
trees in a seasonal manner, i.e. the need of tree for potassium is little and potassium absorption is 
minimum in the spring (April to May) and the concentration of potassium is usually less than 1 percent; 
meanwhile during nut growth and nut filling stage potassium concentration is increased and reaches to 
its maximum from July to September. This study showed that the concentration of potassium in the leaves 
after the harvest season in September had a sharp reduction. In studies by Rosecrance et al [6-7] it was 
found that nitrogen absorption is often done during spring growth and nut setting stage, but potassium 
absorption and its release is done during pistachio nut filling stage, the nuts function as sink at this time. 
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Suitable potassium nutrition is the key of efficiency and better yield in pistachio orchards [2]. Ashworth 
et al [8] reported that with increase of potassium levels in the soil, potassium concentration of leaves of 
pistachio trees increases. Many pistachio orchards in Iran are located in arid and semi-arid areas and 
water shortages and lack of water resources as a major problem of the orchards in this area. According to 
studies of Beede et al [9], soil humidity has a significant effect on the efficiency and better absorption of 
potassium; and the soil draught especially in the summer reduces the absorption of this element by the 
trees; unfortunately this is the time when the trees most needed this vital element. Also, Bilgen et al [10] 
reported that due to the deep root system, pistachio tree is not able to use adequately the fertilizers 
which are at the surface of soil and foliar fertilization system has the best result for increasing the 
efficiency of fertilizer. The benefit of foliar application is faster absorption by leaves compared to the 
roots [11]. One of potassium fertilizers that are used as a foliar application is potassium nitrate. It was 
reported that potassium nitrate foliar spray increased yield in mango [12], ‘Washington navel’ orange 
[13], clementine [14], pomegranate [15], olive [16] and grapes [17]. Potassium nitrate foliar application 
increased fruit size in pear [18], peach [19], nectarine [20], ‘Valencia’ orange [21], and grapefruit [22] and 
leaf potassium content in olive [23], clementine [24] and avocado [25]. Regarding others presented 
reports in relation with positive effects of potassium nitrate foliar application on different plants the aim 
of this study was evaluation of the effects of potassium nitrate foliar spray with a reduction in pH on the 
potassium absorption and some pistachio nut characteristics. 
  
MATERIALS AND METHODS  
This experiment was conducted in completely randomized design with seven treatments in on 25-year-
old pistachio trees cv. Kalleghouchi in Rafsanjan in “on-year” of trees. Each treatment was applied on 
three rows of trees (45 to 50 trees in each row) and in three replications. The treatments included T1- 
control, T2- potassium nitrate 2000 mg/l, T3- potassium nitrate 2000 mg/l with pH 6, T4- potassium 
nitrate 2000 mg/l with pH 5, T5- potassium nitrate 4000 mg/l, T6- potassium nitrate 4000 mg/l with pH 
6 and T7- potassium nitrate 4000mg/l with pH 5. First in laboratory to reduce pH, different amount of 
citric acid was added to potassium nitrate solution and was measured with pH meter until reach to six 
and five (Table 1). Solution was sprayed in nut filling stage between 7 a.m. and 9 a.m. in mid-June. To 
measure potassium and some else nutrients, sampling of leaves was done from treated trees after 24 
hours. After moving samples to laboratory, plant extract was prepared with dry ash method [26]. For this 
purpose, after washing leaf samples and drying them in air, they were grounded and placed in oven 700C 
for 24h. Then 1g of each sample was weighted and burnt in electric furnace 5500C for 5h to change to 
white ash. When the samples were cooled 10cc HCL 3 normal was added to each sample and reached to 
volume 100mm with distilled water. In obtained extract, potassium was measured with Flame 
Photometer, phosphorus, calcium and magnesium with Atomic Absorption Spectrometer. To investigate 
some nut characteristics, the numbers of split nuts, non-split nuts, immature nuts, small nuts and the 
numbers of grains per ounce were counted by gleaning 30 clusters of 5 pistachio trees randomly for each 
treatment and in three replications at harvest. Data were analyzed with SAS 9.1 Software and means were 
compared with Tukey test at 5% level. 
 

Table 1. Different pH of potassium nitrate by adding citric acid 
KNO3 Citric acid pH 

2000 mg/l --------- 7.6 
2000 mg/l 300 mg/l 6 
2000 mg/l 550 mg/l 5 
4000 mg/l ----------- 7.9 
4000 mg/l 300 mg/l 6 
4000 mg/l 600 mg/l 5 

 
 
RESULTS 
In this research, the analysis of variance (ANOVA) for leaf nutrient content, amount of potassium was 
significant at 1% level but amounts of phosphorous, calcium and magnesium were not significant. In the 
mean comparison, the maximum of potassium was obtained in T7, there was no significant difference 
between T7 and T6 and it reduced in T5, T4, T3, T2 and T1 respectively (Figure 1). The analysis of 
variance for some nut characteristics including the percentage of split nuts, non-split nuts and the 
number of grains per one ounce were significant at 1% level but the percentage of immature nuts and 
small nut were not significant. In the mean comparison, the most percentage of split nuts was obtained in 
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T7 and it reduced in T6, T5, T4, T3, T2 and T1
least number of grains per ounce was observed in T7 and the most was in T1 (Figure 1).
Figure 1. The effect of different potassium nitrate treatments on the percentage of potassium, split nuts, 

non-split nuts and the number of grains per ounce.

 
DISCUSSION 
Potassium is effective on quantity and quality of pistachio product. If adequate potassium is 
pistachio tree, the number of clusters and fruits, split nut percentage and nut dry weight increase 
significantly [9]. Previous studies showed that application of potassium t
increased the percentage of potassium in l
on reduction of other elements of the leaves such as nitrogen, phosphorus, and magnesium. The 
percentages of other elements in the leaves were reported at an optimum level [27]. In accordan
these findings, our results showed that potassium nitrate spray on the leaves increased the concentration 
of potassium, the split percentage and the number of grains per ounce; however, it did not change the 
amount of phosphorus, magnesium and calc
range of 1.6% to 2%, the maximum yield will be observed in the pistachio [5]. The results of this 
experiment showed that after potassium nitrate spray, the highest concentration of leaf potassium 
%) was obtained at the treatment of 4000 mg/l potassium nitrate with pH 5, where the best result was 
observed. Sarcheshmepour and Malakouti [4] reported that potassium increases the pistachio 
resistance against water and soil salinity
especially the nut splitting percentage and number of grains
our finding that potassium nitrate spray increased the nut splitting percentage and number of gr
ounce. In a field experiment, Zeng et al [2] examined the effects of potassium fertilizers on the potassium 
of leaf, yield and quality of pistachio nut. They observed that a positive relationship exists between yield 
and the concentration of leaf potassium during filling the nut. According to our findings, through 
increasing the concentration of potassium nitrate spray in the nut filling stage, the potassium of leaf 
increased which in turn improved nut characteristics. Nut splitting may be associat
potassium in translocation of carbohydrates to growing fruit, as reported by Zeng et al [2], Zeng and 
Brown [28], Beede et al [9] and Ben
been reported in other products, potassium nitrate spray increased olive leaf potassium content [23] its 
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T7 and it reduced in T6, T5, T4, T3, T2 and T1 respectively. The least percentage of non
least number of grains per ounce was observed in T7 and the most was in T1 (Figure 1).

The effect of different potassium nitrate treatments on the percentage of potassium, split nuts, 
split nuts and the number of grains per ounce. 

Potassium is effective on quantity and quality of pistachio product. If adequate potassium is 
pistachio tree, the number of clusters and fruits, split nut percentage and nut dry weight increase 
significantly [9]. Previous studies showed that application of potassium through foliar spray system 
increased the percentage of potassium in leaves of pistachio tree and luckily did not have a negative effect 
on reduction of other elements of the leaves such as nitrogen, phosphorus, and magnesium. The 
percentages of other elements in the leaves were reported at an optimum level [27]. In accordan
these findings, our results showed that potassium nitrate spray on the leaves increased the concentration 
of potassium, the split percentage and the number of grains per ounce; however, it did not change the 
amount of phosphorus, magnesium and calcium. If the amount of potassium in the leaves is within the 
range of 1.6% to 2%, the maximum yield will be observed in the pistachio [5]. The results of this 
experiment showed that after potassium nitrate spray, the highest concentration of leaf potassium 
%) was obtained at the treatment of 4000 mg/l potassium nitrate with pH 5, where the best result was 
observed. Sarcheshmepour and Malakouti [4] reported that potassium increases the pistachio 

water and soil salinity, droughts, pests and diseases, as well as the 
splitting percentage and number of grains per ounce. This report is also consistent with 

our finding that potassium nitrate spray increased the nut splitting percentage and number of gr
ounce. In a field experiment, Zeng et al [2] examined the effects of potassium fertilizers on the potassium 
of leaf, yield and quality of pistachio nut. They observed that a positive relationship exists between yield 

potassium during filling the nut. According to our findings, through 
increasing the concentration of potassium nitrate spray in the nut filling stage, the potassium of leaf 
increased which in turn improved nut characteristics. Nut splitting may be associat
potassium in translocation of carbohydrates to growing fruit, as reported by Zeng et al [2], Zeng and 
Brown [28], Beede et al [9] and Ben-Mimoun et al [27]. The positive effect of potassium nitrate have also 

cts, potassium nitrate spray increased olive leaf potassium content [23] its 
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respectively. The least percentage of non-split nuts and the 
least number of grains per ounce was observed in T7 and the most was in T1 (Figure 1). 

The effect of different potassium nitrate treatments on the percentage of potassium, split nuts, 

Potassium is effective on quantity and quality of pistachio product. If adequate potassium is available to 
pistachio tree, the number of clusters and fruits, split nut percentage and nut dry weight increase 

hrough foliar spray system 
eaves of pistachio tree and luckily did not have a negative effect 

on reduction of other elements of the leaves such as nitrogen, phosphorus, and magnesium. The 
percentages of other elements in the leaves were reported at an optimum level [27]. In accordance with 
these findings, our results showed that potassium nitrate spray on the leaves increased the concentration 
of potassium, the split percentage and the number of grains per ounce; however, it did not change the 

ium. If the amount of potassium in the leaves is within the 
range of 1.6% to 2%, the maximum yield will be observed in the pistachio [5]. The results of this 
experiment showed that after potassium nitrate spray, the highest concentration of leaf potassium (1.9 
%) was obtained at the treatment of 4000 mg/l potassium nitrate with pH 5, where the best result was 
observed. Sarcheshmepour and Malakouti [4] reported that potassium increases the pistachio trees 

, as well as the quality of nuts 
per ounce. This report is also consistent with 

our finding that potassium nitrate spray increased the nut splitting percentage and number of grains per 
ounce. In a field experiment, Zeng et al [2] examined the effects of potassium fertilizers on the potassium 
of leaf, yield and quality of pistachio nut. They observed that a positive relationship exists between yield 

potassium during filling the nut. According to our findings, through 
increasing the concentration of potassium nitrate spray in the nut filling stage, the potassium of leaf 
increased which in turn improved nut characteristics. Nut splitting may be associated with the role of 
potassium in translocation of carbohydrates to growing fruit, as reported by Zeng et al [2], Zeng and 

Mimoun et al [27]. The positive effect of potassium nitrate have also 
cts, potassium nitrate spray increased olive leaf potassium content [23] its 
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fruit growth and oil quality [29]. Spray during the inflorescence development period reduced post fruit 
set drop and increased tree yield in mango [30]. Potassium nitrate sprays increased peach fruit weight 
and potassium content in the leaves [31]. It increased flowering and fruit weight of strawberry [32] and 
enhanced fresh and dried fig quality [33]. According to the findings, a reduction of pH in potassium 
nitrate spray increased the absorption of potassium nitrate; and among the treatments the maximum 
absorption and the best nut quality was observed in T7. Since 90 percent of potassium absorption by 
pistachio tree occurs during nut filling stage, foliar spray of fertilizers with high percentage of potassium 
and decreasing the pH of solution helps to better absorption of this element and improving the quality of 
crop. 
 
REFERENCES 
1. Basak, B. B., & Biswas, D. R. (2009). Influence of potassium solubilizing microorganism (Bacillus mucilaginosus) 

and waste mica on potassium uptake dynamics by sudan grass (Sorghum vulgare Pers.) grown under two 
Alfisols. Plant and Soil, 317(1-2), 235-255.  

2. Zeng, D.Q., Brown, P.H., & Holtz, B.A. (2001). Potassium Fertilizer Affects Soil K, Leaf K Concentration, and Nut 
Yield and Quality of Mature Pistachio Trees. Hort Science, 36(1): 85- 89. 

3. Alipour, H., & Hosseinifard, J. (2006). Determining and removing deficiency of nutrition elements in Pistachio. 
Tehran: Iran pistachio researches press. 

4. Sarcheshmepour, M. & Malakouti, M. J. (2005). Necessity potassium fertilization in pistachio “Higher Yield with 
Better Quality. Agricultural research, Education & Extension Organization. Soil and Water Research Institute, 
pp:17. 

5. Zeng, D.Q., Brown P.H., & Holtz, B.A. (1999). Potassium Fertilization and Diagnostic Criteria for Pistachio Trees. 
Better Crops, 83(3): 10-13. 

6. Rosecrance, R.C., Weinbaum, S.A., & Brown, P.H. (1998). Alternate Bearing Affects Nitrogen, Phosphorous, 
Potassium and Starch Storage Pools in Mature Pistachio Trees. Annals of Botany, 82(4): 463-470. 

7. Rosecrance, R. C., Weinbaum, S. A., & Brown, P. H. (1996). Assessment of nitrogen, phosphorus, and potassium 
uptake capacity and root growth in mature alternate-bearing pistachio (Pistacia vera) trees. Tree Physiology, 
16(11-12): 949-956. 

8. Ashworth, L. J., Gaona, S. A., & Surber, E. (1985). Nutritional diseases of pistachio trees: Potassium and 
phosphorus deficiencies and chloride and boron toxicities. Phytopathology, 75(10), 1084-1091. 

9. Beede, R. H., Brown, P. H., Kallsen, C., & Weinbaum, S. A. (2005). Diagnosing and correcting nutrient 
deficiencies. Pistachio Production Manual. 4ª Ed. Ferguson L. University of California, Davis.  

10. Bilgen, A. M., Gezerel, Ö. & Kaska, N. (1994). Effects of systemic leaf fertilizers on the yield and quality of pistachio 
nuts. In I International Symposium on Pistachio 419 (pp. 135-136).  

11. Chiţu, V., Coman, M., Bulgaru, L., & Chiţu, E. (2002). Effects of “Calmax” And “Nutri Vit” Foliar Fertilisers on Plant 
Growth and Strawberry Fruit Quality. International Symposium on Foliar Nutrition of Perennial Fruit Plants. 
doi:10.17660/actahortic.2002.594.61 

12. Afiqah, A. N., Nulit, R., Hawa, Z. E. J., & Kusnan, M. (2014). Improving the Yield of ‘Chok Anan’(MA 224) Mango 
with Potassium Nitrate Foliar Sprays. International Journal of Fruit Science, 14(4), 416-423.  

13. Abd El-Rahman, G.F., Hoda M.M., & Ensherah, A.H.T. (2012). Effect of GA3 and potassium nitrate in different 
dates on fruit set, yield and splitting of Washington navel orange. Nature and Science, 10(1): 148-157. 

14. Hamza, A., Bamouh, A., El Guilli, M., & Bouabid, R. (2012). Response of clementine citrus var. Cadoux to foliar 
potassium fertilization; Effects on fruit production and quality. Research findings: Electronic- International 
Fertilizer Correspondent, 31: 8-15.  

15. Khayyat, M., Tehranifar, A., Zaree, M., Karimian, Z., Aminifard, M.H., Vazifeshenas, M.R., Amini, S., Noori Y., & 
Shakeri, M. (2012). Effects of potassium nitrate spraying on fruit characteristics of ‘Malas Yazdi’ pomegranate. 
Journal of Plant Nutrition, 35(9): 1387-1393. 

16. Hegazi, E.S., Mohamed, S.M., El-Sonbaty, M.R., Abd El-Naby, S.K.M. & El-Sharony T.F. (2011). Effect of potassium 
nitrate on vegetative growth, nutritional status, yield and fruit quality of olive cv. "Picual". Journal of 
Horticultural Science & Ornamental Plants, 3(3): 252-258.  

17. Ceylan, Ş., & Atalay, İ. Z. (1999). Effect of KNO3 applications on fruit yield and N, P, K content of leaves in Vitis 
Vinifera grapes. In Improved Crop Quality by Nutrient Management (pp. 27-29). Springer Netherlands.  

18. Gill, P.P.S., Ganaie, M.Y., Dhillon, W.S., & Singh, N.P. (2012). Effect of foliar sprays of potassium on fruit size and 
quality of ‘Patharnakh’pear. Indian Journal of Horticulture, 69(4): 512-516. 

19. Al-Bamarny, S.F.A., Salman M.A., & Ibrahim, Z.R. (2010). Effect of some chemical compounds on some 
characteristics of shoot and fruit of peach (Prunus persica L.) cv. Early Coronet. Mesopotomia Journal of 
Auricular, 38 (1): 35– 44. 

20. Ruiz, R. (2005). Effects Of Different Potassium Fertilizers On Yield, Fruit Quality And Nutritional Status Of´ Fairlane´ 
Nectarine Trees And On Soil Fertility. In V International Symposium on Mineral Nutrition of Fruit Plants 721 (pp. 
185-190). 

21. Boman, B. J. (2001). Foliar nutrient sprays influence yield and size of ‘Valencia’orange. In Proc. Fla. State Hort. Soc 
(Vol. 114, pp. 83-88).  

22. Boman, B. J., & Hebb, J. W. (1998). Post bloom and summer foliar K effects on grapefruit size. In Proceedings-
Florida State Horticultural Society (Vol. 111, Pp. 128-134). Florida State Horticultural Society. 

Hossein Sajadian 
 



ABR Vol 6 [6] November 2015 43 | P a g e       ©2015 Society of Education, India 

23. Restrepo-Diaz, H., Benlloch, M., & Fernández-Escobar, R. (2009). Leaf potassium accumulation in olive plants 
related to nutritional k status, leaf age, and foliar application of potassium salts. Journal of Plant Nutrition, 32(7): 
1108-1121 

24. Bañuls, J., Quinones, A., Martin, B., Primo-Millo, E., & Legaz F. (2001). Effect Complementary of foliar application 
of potassium nitrate potassium nutrition and fruit quality in Clementina de Nules. Raise Agricultural: 
International Journal of citrus, 368-377. 

25. Sing, J. L., & McNeil, R. J. (1992). The effectiveness of foliar potassium nitrate sprays on the'Hass' avocado (Persea 
americana Mill.). In World Avocado Congress II, Proceedings:" The Shape of Things to Come"(Lovatt, CJ ed.) (Vol. 
1, pp. 337-342). 

26. Emami, A. (1996). Methods of plant analysis. Agricultural Research and Education Organization. Tehran:  Soil & 
Water Research Institute.  

27. Ben-mimoun, M., Loumi, O., Ghrab, M., Latiri, R., & Helalli, R. (2004). Foliar Potassium Application on Pistachio 
Tree. Hort Science, 111:224-228. 

28. Zeng, D.Q. & Brown. P.H. (1998). Effect of potassium application on soil potassium availability, leaf potassium 
status, nut yield and quality in mature pistachio (Pistacia vera L.) tree. California Pistachio Industry, Annual Rep, 
90- 60.   

29. Inglese, P., Gullo, G., & Pace, L. S. (2000). Fruit growth and olive oil quality in relation to foliar nutrition and time 
of application. In IV International Symposium on Olive Growing 586 (pp. 507-509). 

30. Oosthuyse, S. A. (2013). Spray Application of KNO3, Low Biuret Urea, and Growth Regulators and Hormones 
during and after Flowering on Fruit Retention, Fruit Size and Yield of Mango. In X International Mango 
Symposium 1075 (pp. 135-141). 

31. Sotiropoulos, T., Therios I., & Voulgarakis, N. (2010). Effect of various foliar sprays on some fruit quality 
attributes and leaf nutritional status of the peach cultivar ‘Andross’. Journal of Plant Nutrition, 33(4): 471-484. 

32. Eshghi, S., Safizadeh, M.R., Jamali, B., & Sarseifi, M. (2012). Influence of foliar application of volk oil, dormex, 
gibberellic acid and potassium nitrate on vegetative growth and reproductive characteristics of strawberry cv. 
Merak journal of biological and environmental science, 6(16): 35-38.  

33. Irget, M. E., Aydın, Ş., Oktay, M., Tutam, M., Aksoy, U., & Nalbant, M. (1999). Effects of foliar potassium nitrate and 
calcium nitrate application on nutrient content and fruit quality of fig. In Improved Crop Quality by Nutrient 
Management (pp. 81-84). Springer Netherlands. 

 

 

Hossein Sajadian 
 


