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Project Identification

1. Project Title: Soybean response to starter nitrogen and phosphorus fertilizer application

S T

Project Number: 20130390

Producer Group Sponsoring the ProjectiIndian Head Agricultural Research Foundation
Project Location(s): Indian HeadSaskatchewarR.M. #156

Project start and end dates (month & year):September 2012anuary 204

Project contact person & contact details:

Chris Holzapfel Research Manager

Indian Head Agricultural Research Foundation
P.O. Box 156, Indian Head, SK, SO0G 2K0
Phone: 306954200

Email:

Objectives and Rationale

7.

Project objectives:

The objective of this projeetasto demonstrate the yield response of soybean tebsiddedurea
andsidebanded versus se@thcedphosplorus fertilizer applications near Indian Head,
Saskatchewan.

. Project Rationale:

While both interest and acres in soybelaagerecentlyseen rapid growtn Saskatchewamgrowers
and agronomists alike have relatively little experience with this crop iaraironment. Soybeans
are large nutrient user and, while they are legumes and as suoh atmnospheridN, often require
more N tharthey can produce through biological fixatidost research in more traditional soybean
regions has shown that N responses are most likely aitfearyield potential is high or under
stressful conditions such as when nodulation is poor or the soilsayeligoand/or low in residual

N. While data fromSaskatchewan and Manitoba on the subject are limited, N fertilig#ication is
not recommended for soybeans in Saskatchemmder most circumstancedlith respect to
phosphorus, soybeans prefer soildwhitgh levels of reslual P, howeverresponse to fertilizer
applicatiors can be inconsistent. many parts of the United Statéspadcasting P isommonand
frequently recommenddalit in the cool calcareous soilssafutheasSaskatchewarsidebandedor
seedplacedP may bemore effective. While soybeamsll likely benefitfrom P fertlizer application
when soil residual levels are lpthey are sensitive to fertilizer placed in close proximity tosted
and therefore iiurrow placement is not geraly recommendednless relatively low rates are used
This projects intended tdenefit producerby demonstratinghe potential response starter N for
soybeans irsaskatchewan and lpyoviding regionally relevant datan thissubject It will also

allow for the discussion of P fertilizer considerationsgoybeansvhile demonstrang the potential
response to varying rates of P fertilizer applied in either thers@edr in a sideéband, the two most
common placement methods in Saskatchewan
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Methodology and Results

9. Methodology:

January 2015

A replicatd soybean demonstratiorms conducted in 2012014( 50 A32658 0 N,neat 03 A3 46
Indian Head, Saskatchewan wittelve fertilizertreatments arranged in a randomized complete

block design (RCBD) with four replicateBhe fertilizer treatments wesecombination of different

N, P rate and granular inoculant rates that were selected to evaluate potential bemafies td s

(with adequate and poor nodulation) and to demonstrate soybean response to P fertilizer placed either

in a saneband or in the seeww. The specific treatments are provided in Table 1.

Table 1. Treatment evaluation ina soybean N and P fertility
demonstration at Indian Head, Saskatchewarin 2014

# N-P,Os Rate Phosphorus Granular Inoculant
(kg/ha®) Placement

1 00 nla 4.1 kg CeliTech h&
2 550 nla 4.1 kg CeliTech h&
3 220 sidebanded 4.1 kg CeliTech hd
4 220 seedplaced 4.1 kg CeliTech hd
5 440 sidebanded 4.1 kg CeliTech hd
6 440 seedplaced 4.1 kg CeliTech hd
7 5520 sidebanded 4.1 kg CeliTech ha
8 5520 seedplaced 4.1 kg CeliTech hd
9 5520 sidebanded none

10 5520 seedplaced none

11 5540 sidebanded 4.1 kg CeliTech hd
12 5540 seedplaced 4.1 kg CeliTech hd

Thesoybearvariety LS002R23 (Legend Seeds)wdisectseeded intdarleystubbleon May 27

using a SeedMastdrill with 8 openers spaced 30 cm apart (2.4 m total seeded width) and a trimmed
plot length of 10.5 mThe width of the seed knife is approximately 20 ninereforehe seedbed
utilization (SBU) is 6.3%. With this particular drill, he sideband is locted approximately 19 mm
beside and 38 mm below the se@ed. Soil moisture at seedingas abundant arcbnditions were
consideredxcellentfor emergencehowever, some issues with straw / residue clearance were
encountered on the sit@ranular értilizerwas applied as per protocol and the forms were (dia
0-0), which was alwaysidebandegdandmoncammonium phosphate ({BR2-0), which was either
sidebanded or placed in the seemlv. The seedor all entrieswas treated with Cruizer Maxx Beans
and Prmo CL liquid inoculantUnless prohibited by the protocol, the granular inoculanti€eh
soybean (Monsanto BioAg) was applied in the sesdat the recommended (30 cm row spacing) of
4.1 kg h&. Weeds were controlled usitgo in-crop herbicide appliationsof 890 g glyphosate Ha
during the vegetative stage (W2) on June 26 and at early flowering (R1) oryJil. The centre

five rows of allplots were direetombinedon October 12ising a Wintersteiger plot combine

Spring crop establishment was assessed by counting the number of pliaxits im sections of crop
row per ploton June 2%nd converting the values to planté.ifihe minimum pod height was
estimated by measuring and averaging the distance from treudaite to the bottom of the lowest
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hanging pod on 10 plants per plot. Maturity was defined as days from planting to when 95% of the
pods had changed coloout was not recorded because the plots were terminated by frost (September
10-11) before any of thpods had started to turn colo@tain yieldsare expressed in kg hand

were determined byeighing the entire harvest sample and adjusting the valudsdkage antb a
uniform moisture contendf 14%. Growing season weatlfer the site wagstimated using online

data from the neareEnvironment Canada weather statisinich waslocated approximately km

westof thesite

Response data were analyzesihg the GLMprocedure of SAS.3wi t h Tukeyds student
testused to separate treant meansSeveralpredetermined contrasts were used to conyatieus
combinations of N, P, placement and inoculant treatméfitereatment effects and differences

between means were considered significaf@t 0. 05 .

10. Results:

Weather and Solhformation

Mean monthly average temperatures and precipitation tota?®iagtgrowing seasaare provided

in Table3. While May was slightly cooler than averagiewas relatively warm ahe time ofseeding

with daytime highs of 228 °C and night timéws of 68 °C during the 24 hour period following
seedingJunewasmuchwetter than normakith 199 mm of precipitatiof258%of the longterm
averaggand thereforewhile precipitation in July was extremely low, the soils remained wet until
the latterhalf of the monthAugust was wet with approximately normal temperatures and 142 mm of
precipitation(278% of the long term averggeith was good for seed filling in the soybeans;
however as indicated earlier, the plotgre terminated by frost on Septieer 910, at which timeno

pods had started tarn colour.

Table 2. Mean monthly temperatures and precipitation amounts along with longerm (1981-2010)
averages for the2014growing season at Indian HeadSaskatchewan

Year May June July August Avg. / Total
Mean Temperature (°G)---------======mmmmmmmmenen
2014 10.2 14.4 17.3 17.4 14.8
Longterm 10.8 15.8 18.2 17.4 15.6
———————— Precipitation (mmy}
2014 36.0 199.2 7.8 142.2 385
Long-term 51.8 77.4 63.8 51.2 244

A threedepth 0-15 cm, 1530 cm and 3@0 cm) composite soil sample was collected from plot area
on May 22 and submitted to ALS Laboratories (Saskatoon, SK) for residual nutrient analyses and
fertilizer recommendations along witletermination obther soil properties. Results from these
analyses are provided in Table 3. The soil was classified as-alaywith a pH of 8.0 and soll
organic matter (SOMgontentof 3.9% in upper 15 cm profile. While N and P levels were not
especially low, both werconsidered potentially limiting depending on environmental conditions and
soybean yield potentidPercent SOM was considered slightly below the typical levels for these soils
and pH was considered moderately alkaline.
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Table 3. Residual soil nutrient and recommended fertilizer rates for
soybean nitrogen and phosphorugertility trial at Indian Head,
Saskatchewan (2014). The previous crop was canola and the soil at thi
site is an Indian Head Heavy ClayRego Black Chernozem)

Sglgr:wﬁgrzté,a/tion Residual Recommendef
kg/ha

N (60 cm) 29 22.34

P (15 cm) 30.2 2834

K (15 cm) >605 0-17

S (60 cm) 39 11-17

pH (15 cm) 8.0 5

S.O.M. (%) 3.9

“ALS Laboratories 2822 kg h# (42 bu at) yield target

Soybean Response to Fertilizer Treatments

Individual reatment means and type 3 tests of fixed effledtisong t he means separ at |
studentized ranged te®O 0 ar@ @rgvided for emergence, minimum pod height and seed yield in

Table 4. Thd--tests were significant for emergené&e=0.002), pod heigh{= 0.021) and seed

yield (P < 0.001) indicating significant treatment effects in all cases.

Table 4. Treatment means and tests of fixed effects for N and P fertility treatment effects on soybear
emergence, pod height and seed yield at Indian Head in 2014.

Treatment Emergence Pod Height Seed Yield
kg N-P,Os ha' --- plants/mf == ------ || L p— kg/ha-----
1) ON-OP 45.6 ab 36b 937 e
2) 55N0P 50.1 ab 4.9 ab 1498 abc
3) 2N-20P (sideband) 49.4 ab 4.3 ab 1178 cde
4) 2N-20P (seegblaced) 52.1a 4.0 ab 1290 abcd
5) 4AN-40P (sideband) 525a 4.2 ab 1207 cde
6) 4N-40P (seeglaced) 523 a 4.1 ab 1282 bcde
7) 55N-20P (sideband) 46.3 ab 4.7 ab 1598 ab
8) 55N-20P (seegblaced) 48.4 ab 4.2 ab 1640 a
9) 55N40P (sidebandi uninoculatedl 46.0 ab 54a 1053 de
10) 55N40P (seegpblacedi uninoculatedl 50.2 & 49 ab 1213 cde
11) 55N40P (sideband) 43.5 ab 4.3 ab 1606 ab
12) 55N40P (seeglaced) 414 Db 4.3 ab 1599 ab
S.EM 1.90 0.31 70.9
Overall Ftest (pvalue) 0.002 0.021 <0.001
Coefficient of Variation (%) 7.9 14.0 10.6
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Theresults of theoredetermined, single degrekfreedom contrast comparisons are presented for
emergence in Table Bverall, excellent establishment was achieved for all treatments with
46-50 plants rif established, or 886% emergenca&here were relatively few signifimt

differences amongst the selected groups of treatments with the only cases being slightly higher plant
populations with 2210 kg BOs (averaged across placementdative to no MARand a slight

reduction in emergence with N fertilizer (averaged ackosstes and placement methods). One of

the key project objectives was to demonstrate potential risks opssadg P fertilizer; however,

there were no effects of P placement on emergence detected at the rates that were evaluated and
environmental condibns encountereduring this demonstration

Table 5. Predetermined contrasts comparing the effects of selected groups of N, P and inoculant
treatments on soybean emergence at Indian Head in 2014.

Predetermined Contrast Emergencéplants/m)

(Group A vs Group B) -- Group A-- --Group B-- ---Pr.>F ---
Check vs Rest 45.6 a 48.4 a 0.157
Sidebanded P vs Seqaaced P (all rates) 475 a 48.9 a 0.263
Sidebanded vs Seeplaced (20 kg s ha') “ 479 a 50.3 a 0.214
Sidebanded vs Seeglaced (40 kg s ha') 48.0 a 46.9 a 0.557
0 P,Os vs 20 BOs 47.8 a 49.1a 0.452
0 P,Os vs 40 RBOs 478 a 47.4 a 0.809
20 ROs vs 40 BOs 49.1a 47.4 a 0.227
0 N-0 P,Os vs 2 N20 ROs 456 b 50.8 a 0.032
0 N-0 P,Os vs 4 N40 ROs 456 b 524 a 0.006
2 N-20 ROs vs 4 N40 ROs 50.8 a 52.4 a 0.390
55 N0 P,Os vs 55 N20 ROs 50.1 a 47.4 a 0.253
55 N0 P,Os vs 55 N40 RBOs 50.1a 42.4b 0.002
55 N-20 BOs vs 55 N40 ROs 47.4 a 42.4b 0.013
ONvs55N 50.4 a 459b 0.001
55 N inoculated vs 55 N uninoculated 474 a 48.1 a 0.709

“ Inoculated treatments only;uninoculated treatments (9 & 10) did not receive granular inoculant

The contrast results f@omparisons of treatment effectsrmmimum pod leight or pod
clearanceare presented in Table 6. There was a small but significant overall increase in pod
height with fertilizer P = 0.039); however this was primarily due to the effect of N fertilizer

as P fertilizer rate or placement did not have a significant effect in any Saseewhat
unexpectedly, there was an overall reduction in minimum pod height observed with granular
inoculant when combined with N fertilizewhile any observed effects on poéarance

were small,tishould be noted that these measurements higinéy variable because of the
unevenness in the soil surfeered do not reflect differences in total plant ieigyhich also
affected overall harvestabilityVhile detailed measurements were not completed, the
treatments that received fertilizer N were generally slightly taller than those that diadhot
there was also a visible reduction in height when granodenuiant was not applied
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Table 6. Predetermined contrasts comparing the effects of selected groups of N, P and inoculant
treatments on soybean pod height at Indian Head in 2014.

Predetermined Contrast Pod Height (cm)

(Group A vs Group B) -- Group A-- --Group B-- ---Pr. >F ---
Check vs Rest 3.60b 429 a 0.039
Sidebanded P vs Seqaaced P (all rates) 433 a 412 a 0.158
Sidebanded vs Seeplaced (20 kg s ha') “ 4.45 a 4.01a 0.230
Sidebanded vs Seeglaced (40 kg s ha') 421 a 4.16 a 0.871
0 P,Os vs 20 BOs 4.23 a 4.26 a 0.889
0 P,Os vs 40 BOs 423 a 419 a 0.889
20 BOs vs 40 BOs 4.26 a 419 a 0.731
0 N-0 P,Os vs 2 N20 ROs 3.60 a 410 a 0.192
0 N-0 P,Os vs 4 N40 ROs 3.60 a 411 a 0.181
2 N-20 ROs vs 4 N40 ROs 410 a 411 a 0.968
55 N0 P,Os vs 55 N20 ROs 4.85a 4.43 a 0.266
55 N0 P,Os vs 55 N40 ROs 4.85a 4.26 a 0.127
55 N-20 BOs vs 55 N40 ROs 443 a 4.26 a 0.599
ONvs55N 401b 4.45 a 0.030
55 N inoculated vs 55 N uninoculated 443D 5.12a 0.029

“ Inoculated treatments only;uninoculated treatments (9 & 10) did not receive granular inoculant

Contrast results for soybean seed yield are presented in L.aliere was an overall seed yield

increase 063% with fertilizer when averaged across all products, placements and rates. There was
also a slight tendency for higher yields with spétement when averaged across P rates and N
levels; however, the observed difénce was not significant at the desired probability ld¥el (

0.099). This tendency was not observed at either of the individual P levels when considered
separately® = 0.2880.637) and, as such,igfair to conclude that the resposse the two

placement methods evesimilar. Averaged across N rates and P placement methods, both P rates (20
and 40 kg BOs ha?) resulted in a significant yield increase over the 0 P treatr(lert®.002)but

yields were similar between the two ratBs=(0.947) Further inspection of the contrast results
suggests that the response to P fertilizer was most evident without starter NP(32002)

compared when 55 kg N was applied as-sideded urea (7.5%,= 0.1740.241). Nitrogen

fertilizer application resultkin a 35% yield increase on averaBe<(0.001) but did not negate the

value of granular inoculant which further increased yields by 43%Q.001).in general, ields

were somewhat lower than expected, presumably due to the early frost, and this enaypaated

the results tsomeextent if any of the treatments delayed maturity; howevenoticeable

differences in crop development were observed amongst treatments at any point during the season.
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11.

Table 7. Predetermined contrasts comparing the effects of selected groups of N, P and inoculant
treatments on soybearseed yieldat Indian Head in 2014.

Predetermined Contrast Seed Yieldkg/ha)

(Group A vs Group B) -- Group A-- --Group B-- ---Pr.>F ---
Check vs Rest 937 b 1433 a <0.001
Sidebanded P vs Seqaaced P (all rates) 1328 a 1405 a 0.099
Sidebanded vs Seeplaced (20 kg s ha') “ 1388 a 1465 a 0.288
Sidebanded vs Seeglaced (40 kg s ha') 1406 a 1440 a 0.637
0 P,Os vs 20 BOs 937 b 1427 a 0.002
0 P,Os vs 40 BOs 937 b 1423 a 0.002
20 BOs vs 40 BOs 1427 a 1423 a 0.947
0 N-0 P,Os vs 2 N20 ROs 937 b 1234 a 0.002
0 N-0 P,Os vs 4 N40 ROs 937 a 1244 a 0.001
2 N-20 ROs vs 4 N40 ROs 1234 a 1244 a 0.886
55 N0 P,Os vs 55 N20 ROs 1498 a 1619 a 0.174
55 N0 P,Os vs 55 N40 ROs 1498 a 1602 a 0.241
55 N-20 BOs vs 55 N40 ROs 1619 a 1602 a 0.811
ONvs55N 1179 b 1588 a <0.001
55 N inoculated vs 55 N uninoculated 1619 a 1133 b <0.001

“ Inoculated treatments only;uninoculated treatments (9 & 10) did not receive granular inoculant

Extension and Acknowledgement

The demonstration was featuratthe annudHARF Crop Management Fielddy which was held
onJuly 21and attended by over 200 producers and industry represent&areg.

Hnatowich from the Irrigation Crop Diversification Corporation (ICDC) was invited to
discuss soybean agronomy in Saskatchewan and Chris Holzapfel led the attiandagh
the individual treatments for an interactive discussion on soybean fertility considerations
Results from this project will be made available in the 2014 IHARF Annual Report
(available online) and through a variety of other media as opportunities arise (i.e. oral
presentations, popular agriculture press, fact sheets, etc.).

Conclusions and Recommendations

Overall, this project demonstratéthtsidebanded and sequaced phosphorus fertilizer provided
similar yield benefits and there were no significant effects on emergetiheraites evaluatedhere
was a strong overall response to P fertilizer, but no yield benefit to applying more thgu23

under these conditions. Further research would be required to evaluate the effects of P placement at

higher application rates and under a broader rangeilcdindenvironmental conditions. Contrary to
our expectationghere was also a strong pesise to siddanded N fertilizer. While high mineral N
levels can reduce nodulation Byadyrhizobiumthere was still a strong response to granular
inoculant even when combined with starter N. While we are hesitant to recommend N fertilizer
applicationson N fixing crops such as soybeans, these results justify a mdepih evaluation of
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interactions between granular inoculant rates and N fertilizer applicétiosgybeans in
Saskatchewarfgain, previous research has shown that responses to N avacwhmon when soil
residual levels are extremely low or when cool or dry conditions reduce nodulation and N fixation
early in the season.
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