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Abstract 
An experiment was conducted in Standoff, Southern Alberta in April, 2020. The objective of the experiment was 
to investigate effect of rock phosphate organic fertilizer on growth and yield of potato crop grown in Standoff. 
The varying levels of rock phosphate were broadcasted into the soil at control (0 P Kg ha-1), Low P level (50 P 
Kg ha-1) and High P level (100 P Kg ha-1). The basal application of urea inform of nitrogen fertilizer was applied 
at 280 N Kg ha-1. Potato seeds were planted at a distance of 30 by 90 cm. The three treatments were replicated 
three times, resulting into nine plants. One plant was taken out of uniformly grown tallest plant in each of the 
treatment to measure yield parameters. The yield parameters collected were subjected to analysis of variance 
(ANOVA) using Duncan’s Multiple Range Test (DMRT) for separation of means. Results of the experiment 
indicated that High P and Low P rock phosphate fertilizer levels positively influenced weight of potatoes at 76 
and 112 Days after sowing (DAS), respectively while High P rock phosphate fertilizer level got highest number 
of potatoes than Low P and control at 76 DAS. Furthermore, High P rock phosphate fertilizer level and control 
plots supported marketable number of potatoes at 76 DAS while High P rock phosphate fertilizer level favoured 
unmarketable number of potatoes at 112 DAS. It was quite obvious from the results that marketable weight of 
potatoes was positively influenced by High P rock phosphate level and Low P rock phosphate level at 76 and 112 
DAS, respectively whereas unmarketable weight of potatoes was affected by High P rock phosphate fertilizer 
level at 112 DAS. These results revealed the beneficial use of rock phosphate for potato crop production 

Keywords: rock phosphate, marketable weight, unmarketable weight, marketable number, unmarketable number, 
standoff, soil, potatoes yield 

1. Introduction 
Potato (Solanum tuberosum) is a staple food crop for First nations, Kainai Blood Tribe in Southern, Alberta and 
Canada as a whole. It is a tuber vegetable crop, which can be boiled or fried and eat with leafy vegetable. It 
could also be processed by food industries as a snack. Potatoes accounted for 376,826,967 metric tonnes of 
world production (FAO, 2016). In Canada, it is accounted for 4,324,110 metric tonnes of production (FAO, 
2016). The factors that support growth and yield of potatoes are fertile soils, water, nutrients especially nitrogen 
and phosphorus, light and temperature (Ensign, 1935; Mugo, et al., 2020). Potatoes production could be 
supported by adequate nutrient management (Koch, M. et al., 2020), but soil degradation caused essential 
nutrient to be deficient in western Canada soils (Oldeman, 1994; FAO, 1995; Lakshminarayan et al., 1996; 
UNEP, 2000). Southern Alberta soils have been affected by soil degradation, whereby most of the essential 
nutrients are deficient especially nitrogen, phosphorus and potassium. However, managing the soil phosphorus in 
this region is very important to increase production of potatoes.  

Rock phosphate fertilizer is an organic fertilizer that increase phosphorus in soil deficient P (Chien & Menon, 
1995; Rajan et al., 1996; Zapata, 2003). It is a resource cheap fertilizer that is mined from sedimentary rock 
(Chien, 1992; Chien & Friesen, 1992; Chien & Van Kauwenbergh, 1992). Application of rock phosphate 
increase other nutrients in the soil such as nitrogen, potassium, magnesium, sulphur, calcium and some 
micronutrients (Zapata, 2003). Furthermore, phosphorous in form of mono or di phosphate was released to the 
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weakly acidic soil so as to increase crop yield and yield components (Jensen, 2010). However, the dissolved P in 
the soil can be taken up effectively by crops within the soil pH of 5.5 to 6.5 (Black, 1968; FAO, 1984; Jensen, 
2010). Rock phosphate which contains lime materials is able to reduce the alkaline nature of soils for effectively 
P uptake by crops (Black, 1968; FAO, 1984; Zapata, 2003). Moreover, it has been discovered by Zapata and Roy 
(2004) that rock phosphate has residual effect, it builds up P for next cropping season. Nevertheless, many crops 
have been identified to use P from rock phosphate effectively (Flach et al., 1987; Kamh et al., 1999; Hocking, 
2001; Montenegro & Zapata, 2002; Chien, 2003). However, most farmers in North America are still using water 
soluble fertilizer such as single supper phosphate, triple supper phosphate on their farms, not recognizing 
agronomical benefits of rock phosphate fertilizer. Therefore, the objective of this research effort was to evaluate 
effect of rock phosphate on the yield and yield components of potato planted in Standoff soil.  

2. Materials and Methods 
2.1 Site Description 

The experimental trial was conducted in Standoff, Southern Alberta community garden. Standoff is a first 
nations, Kainai Blood Tribe (KBT) reserve community. It is located on latitude 49o North and longitude 113o 
West. Its location is on Hwy 2, 43 km South West of Lethbridge. Average temperature from April, 2020 to 
September, 2020 ranged between minimum of 7.6 oC to maximum of 20.7 oC while total daily rainfall was 261 
mm from April, 2020 to September, 2020 (Agricultural Moisture Situation Update, 2021). Standoff is 
characterised by windy, dry and warm temperature in summer with little rainfall. Irrigation water was used to 
support little rainfall in the experimental site. Standoff soil is a Brown Chernozemic soils that are found in the 
Southern part of Alberta.  

2.2 Physico-chemical Soil Composition 

Soil samples from 0 to 15 cm layer were taken for physico-chemical analysis (Table 1). Nitrate-Nitrogen was 
extracted in the soil using 0.01M calcium chloride and N was detected by colorimetry. The phosphorus was 
extracted using modified Kelowna method and read by auto flow colorimeter while potassium was extracted 
from the soil using 1 N neutral ammonium acetate and K was detected by flame photometry. Micro nutrients 
were extracted from the soil using DTPA and measured by atomic absorption spectrophotometer (AAS). The soil 
texture was measured by hydromentry in soil samples dispersed in a water solutions of sodium 
hexametaphosphate. The major soil nutrients Nitrogen (N) was deficient, Phosphorus (P) was optimum and 
Potassium was in excess. Moreover. Secondary nutrients such as Calcium (Ca) and Magnesium (Mg) were at 
optimum levels whereas Sulphur (S) was deficient. Micro nutrients such as Zinc (Zn), Boron (B), Copper (Cu) 
and Sodium (Na) were at low levels while soil Iron (Fe) and Manganese (Mn) were in excess. The pH of the soil 
was 7.6 (1:1 soil:water). Soil textural class was silty clay loam. Southern Alberta soil is classified as Brown 
Chernozemic.  
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Table 1. Physico-chemical properties of potatoes field soil trial 

Properties Soil  

N (Kg ha-1) 40.35 

P (Kg ha-1) 97.50 

K (Kg ha-1) 2006.32 

S (Kg ha-1) 15.70 

Ca (ppm) 4449.00 

Mg (ppm) 510 

Zn (ppm) 1.80 

B (ppm) 0.90 

Cu (ppm) 1.30 

Fe (ppm) 23.00 

Mn (ppm) 11.30 

Na (ppm) 23.10 

OM (%) 5.40 

pH 7.6 

EC 0.60 

Saturated Bases (%)  

Ca 77.10 

K 8.00 

Mg 14.60 

Na 0.30 

ECEC 28.80 

K/Mg 0.55 

Sand % 19.9 

Silt % 42.1 

Clay % 38.0 

Textural class Silty clay loam 

 

2.3 Experimental Design 

The total area used in this trial plot was 450 m × 300 m = 135,000 m2 The fertilizer was applied on April 30, 
2020 at the rate of 100 P Kg ha-1 (High level), rate of 50 P kg ha-1 (Low level) and no application of fertilizer as 
control. The rock phosphate fertilizer was broadcasted to entire field according to P levels mentioned above. The 
basal application of nitrogen inform of urea was broadcasted at 280 N Kg ha-1 to entire experimental plot. The 
sangre potatoes variety were planted on May 8, 2020 at a space of 30 by 90 cm. Sangre is a new potato variety, 
dark red-skinned, white-fleshed oval potato recommended for boiling. Sangre potato variety is a mid to late 
season maturing with excellent tuber set and good yields. The treatments (Low P, High P and Control) were 
replicated three times, resulting into nine plants. One plant was taken from uniformly grown tallest plants in each 
of the treatment. The plant taken in each of the treatment was used to measure agronomic parameters: number of 
potatoes was measured by counting, weight of potatoes was measured by sensitive electronic weighing scale 
(Sartorius Lab. Instruments, GMBH & Co, Germany-ENTRIS 2202-1SUS), marketable number of potatoes was 
measured by counting harvested number of potatoes that weighed more than 33 g in each replicate and 
unmarketable number of potatoes was measured by counting harvested number of potatoes that weighed less 
than 33 g in each replicate, marketable and unmarketable weight of potatoes were measured by weighing 
potatoes that weighed more than 33 g and less than 33 g, respectively and residual phosphorus level in the soil 
after harvest was measured by using modified Kelowna method and read by auto flow colorimetry. The 
agronomic parameters were collected from May 8, 2020 when potato seeds were planted to September 15, 2020 
when matured potatoes were harvested, resulting to total experimental period of 131 days after sowing.  

2.4 Statistical Analysis 

The agronomic parameters measured were subjected to analysis of variance (ANOVA) using IBM SPSS version 
27 software, Duncan’s Multiple Range Test was used for separation of means.  
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3. Results 
3.1 Effect of Rock Phosphate Fertilizer on Weight of Potatoes and Number of Potatoes 

Table 2 shows effect of varying levels of rock phosphate fertilizer on weight of potatoes and number of potatoes. 
Weight of potatoes was significantly influenced by rock phosphate fertilizer. It was obvious from Table 2 that 
High P rock phosphate treated plot had higher potato weight (655.50 g) than either Low P rock phosphate treated 
plot or control at 76 DAS, whereas at 112 DAS, Low P rock phosphate treated plot gave higher weight of 
potatoes (2038.10 g) than either High P rock phosphate treated plot or control. There was a marked increase of 
210.9% from 76 DAS to 112 DAS, when soil was treated with high and low rock phosphate fertilizer. There was 
no effect in the effort of the treatments to support weight of potatoes at 98 and 131 DAS. Furthermore, number 
of potatoes produced was significantly highest at 76 DAS, when high P rock phosphate treated plot produced 
highest number of potatoes (16.30) than Low P rock phosphate treated plot and control. Thereafter, there was no 
significant effect of the treatments to support number of potatoes.  

 

Table 2. Effect of rock phosphate fertilizer on weight of potatoes and number of potatoes produced over time 

Treatments 

Days After Sowing 

Potatoes Weight (g) Number of Potatoes 

76 98 112 131 76 98 112 131 

Control 335.90b 252.02 268.90b 1243.10 9.30b 8.30 6.30 6.30 
Low P 155.60b 1509.50 2038.10a 5497.70 6.00b 13.30 9.30 11.00 
High P 655.50a 1610.40 1225.80b 2205.60 16.30a 10.70 10.30 12.00 

SE 125.30 304.90 251.50 2439.20 3.70 4.50 2.50 3.50 

Note. Means with different letters are significantly different according to Duncan Multiple Range Test (DMRT) p 
< 0.05.  

SE: Standard Error. 

 

3.2 Effect of Rock Phosphate Fertilizer on Marketable and Unmarketable Number of Potatoes 

Table 3 shows effect of varying levels of application of rock phosphate fertilizer on marketable and 
unmarketable number of potatoes. It was clearly seen from Table 3 that marketable number of potatoes at 76 
DAS in High P rock phosphate treated plot and control plot jointly produced higher marketable number of 
potatoes than Low P rock phosphate treated plot, whereas High P rock phosphate treated plot gave higher 
unmarketable number of potatoes than either Low P rock phosphate treated plot or control at 112 DAS.  

 

Table 3. Effect of rock phosphate fertilizer on marketable and unmarketable number of potatoes 

Treatments 

Days After Sowing 

Marketable Number Unmarketable Number 

76 98 112 131 76 98 112 131 

Control 
Low P 
High P 
SE 

6.30ab 
2.30b 
11.00a 
1.90 

7.30 
8.70 
9.70 
3.50 

6.00 
9.30 
8.00 
2.30 

5.70 
9.70 
7.30 
2.0 

3.0 
3.7 
5.3 
2.0 

1.0 
1.0 
4.7 
2.0 

0.30b 
0.00b 
2.30a 
0.39 

0.70 
1.30 
5.00 
2.20 

Note. Means with different letters are significantly different according to Duncan Multiple Range Test (DMRT) p 
< 0.05.  

SE: Standard Error. 

 

3.3 Effect of Rock Phosphate Fertilizer on Marketable and Unmarketable Weight of Potatoes 

Table 4 reveals that High P rock phosphate treatment significantly gave higher marketable weight of 585.30 g 
than either Low P rock phosphate treatment or control with marketable weight of 112 .60 g and 294.60 g for Low 
P rock phosphate treatment and control, respectively at 76 DAS. High P rock phosphate treatment gave marked 
increase of 98.70% over control at 76 DAS. Furthermore, Low P rock phosphate treatment produced higher 
marketable weight (2037.90 g) than either High P rock phosphate treatment or control plots with 1179.20 g and 
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965.5 g, respectively at 112 DAS. Low P rock phosphate treatment had an increase of 111.10% over control at 
112 DAS. There was no significant effect in the effort of the treatments to support marketable weight of potatoes 
at 98 and 131 DAS. Moreover, unmarketable weight of potatoes was observed at 112 DAS only, where High P 
rock phosphate treatment gave higher weight of 44.50 g than either Low P treatment or control with 
unmarketable weight of 0 g for Low P rock phosphate treatment and 3.20 g for control. 

 

Table 4. Effect of rock phosphate fertilizer on marketable and unmarketable weight of potatoes 

Treatments 

Days After Sowing 

Marketable Weight (g) Unmarketable Weight (g) 

76 98 112 131 76 98 112 131 

Control 
Low P 
High P 
SE 

294.60b 
122.60b 
585.30a 
106.13 

239.60 
1412.20 
1569.90 
287.60 

965.50b 
2037.90a 
1179.20b 
248.00 

1222.40 
2102.20 
2106.20 
498.20 

40.90 
33.10 
62.80 
26.40 

10.70 
95.00 
38.60 
36.00 

3.20b 
0.00b 
44.50a 
10.40 

20.70 
28.60 
98.40 
53.50 

Note. Means with different letters are significantly different according to Duncan Multiple Range Test (DMRT) p 
< 0.05.  

SE: Standard Error.  

 

3.4 Residual Phosphorus Level in the Soil After Potato Harvest 

Table 5 shows residual phosphorus levels in the soil after potato harvest. There was no significant difference in 
residual P level in the treated soil with rock phosphate fertilizer and control. 

 

Table 5. Residual Phosphorus level after potatoes harvest 

Treatments 
Residual Phosphorus Level (Kg/ha) 
131 Days After Sowing 

Control 
Low P 
High P 
SE 

38.50 
46.30 
67.60 
23.20 

Note. Means with different letters are significantly different Duncan Multiple Range Test (DMRT) p < 0.05.  

SE: Standard Error. 

 

4. Discussion 
Potatoes gained weight at 76 DAS, when rock phosphate was applied at high rate of 100 P Kg ha-1. It was also 
observed at 112 DAS that low rate of 50 P Kg ha-1 positively influenced weight of potatoes, thereafter, there was 
no significant effort of the applied rock phosphate fertilizer to support weight of potatoes. This outcome reveals 
that concentration of rock phosphate applied may not be enough to support yield of potato crop beyond 112 DAS. 
Incorporation of large applications of PR (500-1000 Kg ha-1) followed by a regular maintenance application of P 
would increase availability of P in the soil, as well as maintain the P in the soil (Zapata & Roy, 2004). 
Furthermore, rainfall data collected in the experimental site revealed inconsistent of rainfall (261 mm) and 
shortage of irrigation water during hot Summer period which contributed to low solubility of rock phosphate to 
support effectiveness of phosphorus uptake by plant for increase in potato yield (Agricultural Moisture Situation 
Update, 2021). It was clearly seen in our results that rock phosphate has no effect at 98 DAS and 131 DAS due 
to inadequate of soil moisture to dissolve rock phosphate. It has been confirmed by Weil et al. (1994) that rainfall 
is the most important climate factor that influences PR dissolution and its agronomic effectiveness. It was also 
stated by Weil et al. (1994) that increased soil moisture brought about by rainfall or irrigation, increases PR 
dissolution. The highest number of potatoes were produced from the plot treated with high P (100 P Kg ha-1) at 
76 DAS which indicated that large application of rock phosphate above 100 P Kg ha-1 could influenced number 
of potatoes (Weil et al., 1994).  

Our result observed that control experiment with no rock phosphate fertilizer application and high P rock 
phosphate treatment favoured marketable number, whereas high P rock phosphate treatment supported 



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 4; 2021 

40 

unmarketable number. This signifies that rock phosphate applied was not enough to support marketable number 
of potatoes (Perrott et al., 1996; Rajan et al., 1996).  

Our result also revealed that application of high P rock phosphate treatment gave highest potato marketable 
weight than other treatments at 76 DAS while low P rock phosphate treatment significantly favoured highest 
marketable weight of potatoes than other treatments including control at 112 DAS. Moreover, unmarketable 
weight of potatoes was positively influenced by high P rock phosphate treatment at 112 DAS. High and Low 
rock phosphate applied to the soil able to support growth and yield of potato crop at 76 and 112 DAS due to 
favourable growing condition. However, inconsistent of rainfall (261 mm) and shortage of irrigation water at 98 
and 131 DAS negatively influenced dissolution of rock phosphate. This was also confirmed by Perrott et al., 
(1993); Perrott and Wise (2000) that application of P would sustain P availability in the soil, as well as 
availability of moisture to dissolved rock phosphate.  

After potatoes were harvested on the field, residual level of P was noticed in the soil that was treated with high P 
rock phosphate plot followed by low P treated rock phosphate plots while control gave the least, but there was no 
significant difference in the treated soils with rock phosphate and control, which indicated that rock phosphate 
applied at varying levels were not enough (Hedley & Bolan, 1997; Sale et al., 1997). However, Alberta 
Agriculture Food and Rural Development (2005) stated that the values of residual phosphorus obtained in this 
present study (38.50 P Kg ha-1 for control experiment and 46.30 P Kg ha-1 for Low P rock phosphate treated soil) 
were marginal P level in Alberta soils while 67.60 P Kg ha-1 for High P rock phosphate treated soil was adequate 
P level in Alberta soils. This confirmed that there was considerable amount of residual P in the soil after potatoes 
were harvested.  

5. Conclusion 
Direct application of rock phosphate is beneficial for potato crop production in Kainai Blood Tribe Southern 
Alberta soil. The rock phosphate organic fertilizer influenced potatoes yield, but we discovered that application 
of rock phosphate rates applied at 50 and 100 P Kg ha-1 were not enough to give real potatoes yield for the 
present study, as well as insufficient of soil moisture inform of rain fed or irrigation to dissolve P in rock 
phosphate for effective P uptake by potato crop. However, there was considerable quantity of P left in the soil 
after harvest. The P left in the soil could be used by plants in the next growing season. I would recommend that 
this trial should be repeated with higher rate of P than rate of P used in this experiment. Irrigation facilities must 
also be installed to supply water to soil for dissolution of rock phosphate for easy P uptake by potato crop, if 
there is no natural rainfall. 

References 
Agricultural Moisture Situation Update. (2021). Open Government. Retrieved from http://www.open.alberta.ca 

Alberta Agriculture Food and Rural Development. (2005). Nutrient Management Planning Guide (p. 104). 
Retrieved from https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/epw11920/$FILE/nutrient-mana 
gement-planning-guide.pdf 

Black, C. A. (1968). Soil-plant relationships. New York, USA, John Wiley & Sons. 
Chien, S. H. (1992). Reactions of phosphate rocks with acid soils of the humid tropics. In A. T. Bachik & A. 

Bidin (Eds.), Proceedings of a workshop on phosphate sources for acid soils in the humid tropics of Asia 
(pp. 18-29). Kuala Lumpur, Malaysian Society of Soil Science. 

Chien, S. H. (2003). Factors affecting the agronomic effectiveness of phosphate rock: A general review. In S. S. 
S. Rajan & S. H. Chien (Eds.), Direct application of phosphate rock and related technology: Latest 
developments and practical experiences (p. 441). Proc. Int. Meeting, Kuala Lumpur, July 16-20, 2001, 
Muscle Shoals, IFDC, USA.  

Chien, S. H., & Friesen, D. K. (1992). Phosphate rock for direct application. In F. J. Sikora (Ed.), Future 
directions for agricultural phosphorus research (Bulletin Y-224, pp. 47-52). Muscle Shoals, Valley 
Authority, USA. 

Chien, S. H., & Menon, R. G. (1995). Factors affecting the agronomic effectiveness of phosphate rock for direct 
application. Fert. Res., 41, 227-234. https://doi.org/10.1007/BF00748312 

Chien, S. H., & Van Kauwenbergh, S. J. (1992). Chemical and mineralogical characteristics of phosphate rock 
for direct application. In R. R. Campillo (Ed.), First national seminar on phosphate rock in agriculture 
(Serie Carillanca No. 29, pp. 3-31). Instituto de Investigaciones Agropecuarias, Temuco, Chile. 



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 4; 2021 

41 

Ensign, M. (1935). Factors Influencing the Growth and Yield of Potatoes in Florida. Plant Physiology, 10(3), 
465-482. https://doi.org/10.1104/pp.10.3.465 

FAO. (1984). Fertilizer and plant nutrition guide. FAO Fertilizer and Plant Nutrition Bulletin No. 9. Rome, Italy. 
FAO. (1995). In N. Alexandratos (Ed.), World agriculture: towards 2010. New York, USA, John Wiley & Sons. 

FAO. (2016). Global of Potatoes Production. Retrieved from http://www.fao.org 

Flach, E. N., Quak, W., & Van Diest, A. (1987). A comparison of the rock phosphate-mobilising capacities of 
various crop species. Trop. Agric., 64, 347-352.  

Hedley, M. J., & Bolan, N. S. (1997). Developments in some aspects or reactive phosphate rock research and use 
in New Zealand. Aus. J. Exp. Agric., 37, 861-884. https://doi.org/10.1071/EA96104 

Hocking, P. J. (2001). Organic acids exuded from roots in phosphorus uptake and aluminum tolerance of plants 
in acid soils. Adv. Agron., 74, 63-93. https://doi.org/10.1016/S0065-2113(01)74031-X 

Jensen, T. L. (2010). Soil Ph and the availability of plant nutrients. IPNI Plant Nutrition Today (No. 2). Retrieved 
from http://www.ipni.net/pnt 

Kamh, M., Horst, W. J., Amer, F., Mostafa, H., & Maier, P. (1999). Mobilization of soil and fertilizer phosphate 
by cover crops. Plant Soil, 211, 19-27. https://doi.org/10.1023/A:1004543716488 

Koch, M., Naumann, M., Pawelzik, E., Gransee, A., & Thiel, H. (2020). The Importance of Nutrient 
Management for Potato Production Part I: Plant Nutrition and Yield. Potato Res., 63, 97-119. 
https://doi.org/10.1007/s11540-019-09431-2 

Lakshminarayan, P. G., Gassman, P. W., Bouzaher, A., & Izaurralde, R. C. (1996). A Metamodeling Approach to 
Evaluate Agricultural Policy Impact on Soil Degradation in Western Canada. Canadian Journal of 
Agricultural Economics, 44(3), 277-294. https://doi.org/10.1111/j.1744-7976.1996.tb00151.x 

Montenegro, A., & Zapata, F. (2002). Rape genotypic differences in P uptake and utilization from phosphate 
rocks in an andisol of Chile. Nut. Cyc. Agroecosys., 63(1), 27-33. https://doi.org/10.1023/A:1020523625712 

Mugo, J. N., Karanja, N. N., Gachene, C. K., Dittert, K., Nyawade, S. O., & Schulte-Geldermann, E. (2020). 
Assessment of soil fertility and potato crop nutrient status in central and eastern highlands of Kenya. 
Scientific Reports, 10(1), 7779. https://doi.org/10.1038/s41598-020-64036-x 

Oldeman, L. R. (1994). The global extent of soil degradation. In D. J. Greenland & I. Szabolcs (Eds.), Soil 
resilience and sustainable land use (pp. 99-118). Wallingford, UK, CAB International. 

Perrott, K. W., & Wise, R. G. (2000). Determination of residual reactive phosphate rock in soil. Com. Soil Sci. 
Plant Anal., 31, 1809-1824. https://doi.org/10.1080/00103620009370539 

Perrott, K. W., Kerr, B. E., Watkinson, J. H., & Waller, J. E. (1996). Phosphorus status of pastoral soils where 
reactive phosphate rock fertilizers have been used. Proc. N. Z. Grass Ass., 57, 133-137. https://doi.org/ 
10.33584/jnzg.1995.57.2171 

Perrott, K. W., Saggar, S., & Menon, R. G. (1993). Evaluation of soil phosphate status where phosphate rock 
based fertilizers have been used. Fert. Res., 35, 67-82. https://doi.org/10.1007/BF00750221 

Rajan, S. S. S., Watkinson, J. H., & Sinclair, A. G. (1996). Phosphate rock for direct application to soils. Ad. 
Agron., 57, 78-159. https://doi.org/10.1016/S0065-2113(08)60923-2 

Sale, P. W. G., Simpson, P. G., Lewis, D. C., Gilkes, R. J., Bolland, M. D. A., Ratkowsky, D. A., … Johnson, D. 
(1997). The agronomic effectiveness of reactive phosphate rocks: 1. Effect of the pasture environment. Aus. 
J. Exp. Ag., 8, 921-936. https://doi.org/10.1071/EA96108 

UNEP (United Nations Environment Programme). (2000). Global environment outlook 2000. London, Earthscan 
Publications Ltd. 

Weil, S., Gregg, P. E. H., & Bolan, N. S. (1994). Influence of soil moisture on the dissolution of reactive 
phosphate rocks. In L. D. Currie & P. Loganathan (Eds.), The efficient use of fertilizers in a changing 
environment: Reconciling productivity and sustainability (pp. 75-81, Occasional Report No. 7). Palmerston 
North, New Zealand, Fertilizer and Lime Research Centre, Massey University. 

Zapata, F. (2003). FAO/IAEA research activities on direct application of phosphate rocks for sustainable crop 
production. In S. S. S. Rajan & S. H. Chien (Eds.), Direct application of phosphate rock and related 



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 4; 2021 

42 

technology: Latest developments and practical experiences (p. 441). Proc. Int. Meeting, Kuala Lumpur, 
July 16-20, 2001, Muscle Shoals, IFDC, USA.  

Zapata, F., & Roy, R. N. (2004). Use of phosphate rocks for sustainable agriculture FAO Fert. Plant Nutr. Bul., 
13. Food and Agriculture Organization of the United Nations, Rome, Italy. 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


