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Background

In 2001-02, Manitoba produced an estimated 12.8 million cwt of processing potatoes valued at $97.3 million.  While phosphorus is routinely applied to most potato fields in Manitoba, much of the research regarding potato responses to P in Manitoba was conducted in the 1960’s.  More recently, Geisel (1995) and Tomasiewicz (1994) conducted field trials to assess P response in irrigated potato.  In five field trials conducted from 1991 through 1994, Geisel (1995) reported significant yield increases with P application in two of five trials, with yield increases evident only where soil test P levels were less than 40 lbs acre-1 (45 kg ha-1).  In a one-year study, Tomasiewicz (1994) found no effect of P application on potato yield or quality for a site that, based on the soil test P level, would be expected to respond to P fertilization most of the time.
Objective

The objective of this study is to determine the effect of P fertilizer rate on tuber yield and quality, petiole P concentration, and post-harvest soil extractable-P levels for irrigated processing potato.
Materials and Methods
In 2003, one field experiment was conducted at the Manitoba Crop Diversification Centre at Carberry (Tables 1 and 2).
A randomized complete block design consisting of four replicates of four P fertilizer rates (0, 34, 67, 100 kg P2O5 ha-1) was established.  Phosphorus fertilizer in the form of monoammonium phosphate was pre-plant broadcast incorporated at the rates indicated by treatment.  Nitrogen fertilizer in the form of urea was applied to each treatment in order to balance N provided by the monoammonium phosphate, such that each treatment received a total of 46 kg N ha-1 as monoammonium phosphate and/or urea.  In addition, for all treatments, a total of 104 kg N ha-1 as urea and 50 kg K2O ha-1 as potash was pre-plant broadcast incorporated.  All pre-plant fertilizer was applied just below the soil surface using a Great Plains seeder to meter the fertilizer.  Immediately following fertilizer application, the area was tilled with a Roterra.

Potato (cv. Russet Burbank) was planted on May 21 in plots measuring 6 rows wide x 16 m long.  A row spacing of 95 cm, and in-row spacing between seed pieces of 38 cm was used.
Pesticide applications to the plot area were conducted by MCDC using recommended products at recommended rates.  The crop was irrigated as required using the field irrigation system.

Soil samples in increments of 0-15 cm, 15-30 cm, and 30-60 cm were collected on May 16th prior to plot establishment.  Two methods of sampling were used: 1)12 cores/rep were collected from the 0-15 cm depth using a hand-held probe; 2) 10 cores/experiment were collected from the 0-15, 15-30, and 30-60 cm depth using a Giddings probe.

Plant stand in the harvest rows of each plot was measured after emergence.  Petiole samples were collected at approximately 10 day intervals throughout the growing season (July 9, July 21, July 29, August 7, August 18, August 27, September 10) from rows 2 and 5 within each plot.  Petiole samples were oven-dried and ground.  Potato plots were harvested on September 26 by harvesting approximately 10-11 m of row from each of rows 3 and 4.  The harvested area was measured and tuber yields were determined.

On October 7, soil samples in increments of 0-15 cm, 15-30 cm and 30-60 cm were collected from each plot, air-dried and ground.  Two methods of sampling were used: 1)10 cores/plot were collected from the 0-15 cm depth using a hand-held probe; 2) 2 cores/plot were collected from the 0-15, 15-30, and 30-60 cm depth using a Giddings probe.  Surface samples were extracted with 0.5 M NaHCO3 and the extractable P concentration in the extract determined colorimetrically.
Following harvest, a subsample of potato tubers from each plot was graded.  The graded sample for each plot was equivalent to approximately 25% of the harvested yield.  The number and weight of tubers was determined based on five tuber weight classes (<3 oz, 3-6 oz, 6-10 oz, 10-12 oz, >12 oz).  In addition, the number and weight of small tubers was determined based on five tuber size classes (< 1 ¾”; 1 ¾” to 1 7/8”, <3”; 1 ¾” to 1 7/8”, >3”; 1 7/8” to 2”, <3”; 1 7/8 to 2”, >3”).  The number and weight of green tubers, and tubers affected by rot and hollow heart/brown centre were determined.  As well, specific gravity was determined.  Due to a problem during storage, sugar content could not be determined.

Preliminary analysis of the yield and quality data has been completed.  Nutrient analysis for soil and petiole samples was not yet complete at the time this report was prepared.

Results and Discussion

In 2003, total tuber yield averaged 380 cwt acre-1.  Phosphorus fertilizer rate had no effect on total tuber yield.  Further, P fertilizer rate had no effect on the yield of the various tuber size fractions measured (Table 3).  Analysis of the yield data based on the yield of tubers <3 oz, 3 to 10 oz, > 10 oz, and > 3 oz also revealed no effect of P fertilizer rate (Table 4).

Preliminary soil samples collected in fall 2002 from the field in which the experiment was established had a soil test P level of 26 kg NaHCO3-extractable P ha-1 (Table 1).  As such, this field would have received a recommendation for P fertilizer, and a yield response to P would have been expected in most cases.  However, preliminary analysis of soil samples collected in the spring from only the plot area indicated a comparatively higher concentration of NaHCO3-extractable P than the fall samples.  The average concentration of NaHCO3-extractable P in the 0-15 cm depth averaged 21.8 mg kg-1 (based on sampling of 10 cores within the experimental area) to 25.9 mg kg-1 (based on sampling of 12 cores per replicate).  Based on the Guide to Commercial Potato Production (Western Potato Council, 2003), a soil test P level of 25 to 50 lb P acre-1 to 6” is considered medium, while a level of >50 lb P acre-1 to 6” is considered high.  A “medium” test results in a recommendation for 40 to 70 lbs P2O5 acre-1 based on a banded fertilizer application, while a “high” test results in a recommendation for 10 to 40 lbs P2O5 acre-1.  Geisel (1995) reported yield responses with P application only where soil test P levels were less than 40 lbs acre-1.  The medium to high soil test levels in the current study may have reduced the potential for a crop response to P fertilization.
Specific gravity appeared to be influenced by P application (P=0.10), with preliminary contrast analysis indicating that specific gravity was significantly (P=0.02) lower in the highest P treatment than in the other treatments (Table 3).  Fertilizer treatment did not appear to influence hollow heart (data not presented).
The extractable P concentration of the surface soil following potato harvest appeared to be affected somewhat by treatment (Table 5).  Where 10 soil cores/plot had been sampled, soil P concentration increased with P application.  However, where only 2 cores/plot had been sampled, no effect of P fertilizer rate on soil P concentration was evident, and a higher coefficient of variation was noted. 
The information presented is preliminary and based on only one field study.  Field experiments will continue next year in order to collect additional information regarding the impact of P rate on crop and soil parameters.
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	Table 1.  Soil test levels (fall 2002) from the field in which the experiment was located

	Soil nutrient
	Soil depth (cm)
	kg ha-1

	NO3-N
	0-60
	75

	
	60-120
	44

	NaHCO3-extr. P
	0-15
	26

	Extr. K (Kelowna)
	0-15
	454

	SO4-S
	0-60
	126


	Table 2.  Soil test P concentration (spring 2003) in each replicate of 2003 experimental site

	Replicate
	Soil depth (cm)
	NaHCO3-extractable P (mg kg-1)*

	1
	0-15
	24.3

	2
	0-15
	24.0

	3
	0-15
	26.8

	4
	0-15
	28.8

	Mean
	
	25.9


*Reported results are based on analysis of a composite sample made up of 12 cores per replicate.  A second set of samples collected at the same time, but based on 10 cores from within the experimental area using a Giddings probe, contained an average of 21.8 mg kg-1 NaHCO3-extractable P.
	Table 3.  Effect of P fertilizer rate on tuber yield for various size fractions, total tuber yield, and specific gravity

	Treatment
	
	<3 oz
	3-6 oz
	6-10 oz
	10-12 oz
	>12 oz
	Total
	S.G.

	
	
	
	---------------------------cwt acre-1---------------------------
	

	Means
	
	
	

	  P Rate
	0 kg P2O5 ha-1
	22.9
	97.6
	144.6
	37.8
	75.6
	378.5
	1.0888

	  
	34 kg P2O5 ha-1
	22.1
	114.0
	130.4
	42.9
	80.7
	390.1
	1.0884

	
	67 kg P2O5  ha-1
	20.1
	85.2
	146.1
	42.5
	80.3
	374.2
	1.0896

	
	100 kg P2O5 ha-1
	22.2
	104.4
	146.22
	56.7
	49.7
	379.1
	1.0863

	P-values
	
	
	
	
	
	
	
	

	   Rep
	
	0.89
	0.92
	0.13
	0.83
	0.68
	0.75
	0.006

	   Rate
	
	0.98
	0.42
	0.60
	0.61
	0.40
	0.82
	0.10

	Contrasts
	
	
	
	
	
	
	
	

	   Linear rate
	0.86
	0.88
	0.64
	0.25
	0.24
	0.80
	0.13

	   Quadratic rate
	0.77
	0.91
	0.47
	0.66
	0.23
	0.79
	0.11

	    Cubic rate
	0.81
	0.11
	0.31
	0.67
	0.70
	0.40
	0.13

	CV (%)
	
	45.4
	23.7
	13.3
	45.0
	39.2
	6.4
	0.15


	Table 4.  Effect of P fertilizer rate on yield of tubers < 3 oz, 3 to 10 oz, > 10 oz and > 3 oz

	Treatment
	
	<3 oz
	3 to 10 oz
	>10 oz
	>3 oz

	
	
	---------------------------cwt acre-1---------------------------

	Means
	
	
	
	
	

	  P Rate
	0 kg P2O5 ha-1
	22.9
	242.2
	113.4
	355.6

	  
	34 kg P2O5 ha-1
	22.1
	244.4
	123.6
	368.0

	
	67 kg P2O5  ha-1
	20.1
	231.3
	122.8
	354.1

	
	100 kg P2O5 ha-1
	22.2
	250.6
	106.3
	356.9

	P-values
	
	
	
	
	

	   Rep
	
	0.88
	0.09
	0.76
	0.68

	   Rate
	
	0.98
	0.68
	0.87
	0.88

	Contrasts
	
	
	
	
	

	   Linear rate
	0.86
	0.81
	0.78
	0.87

	   Quadratic rate
	0.77
	0.46
	0.46
	0.73

	    Cubic rate
	0.81
	0.36
	0.95
	0.50

	CV (%)
	
	45.4
	9.2
	29.6
	7.5


	Table 5.  Effect of fertilizer P rate on the extractable P content of soil following potato harvest

	Treatment
	
	Hand sampled (10 cores/plot)
	Giddings samples (2 cores/plot)

	
	
	---NaHCO3-extractable P content in soil (kg ha-1, 0 to 15 cm)---

	Means
	
	
	

	  P Rate
	0 kg P2O5 ha-1
	42.4
	51.1

	  
	34 kg P2O5 ha-1
	50.5
	52.6

	
	67 kg P2O5  ha-1
	49.1
	58.7

	
	100 kg P2O5 ha-1
	50.7
	58.1

	P-values
	
	
	

	   Rep
	
	0.06
	0.50

	   Rate
	
	0.05
	0.47

	Contrasts
	
	
	

	   Linear rate
	0.03
	0.16

	   Quadratic rate
	0.14
	0.80

	    Cubic rate
	0.20
	0.55

	CV (%)
	
	8.3
	14.4
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