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3. Principal Investigator with contact information 
Chris Holzapfel, Research Manager 
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Phone: 306-695-4200 (office) 306-695-7761 (cell) 
Email: cholzapfel@iharf.ca 

4. Collaborators with contact information 
Garry Hnatowich, Research Director 
Irrigation Crop Diversification Corporation (ICDC) 
Box 1460, Outlook, SK S0L 2N0 
Phone: 306-867-5405 (office) Email: garry.icdc@sasktel.net 
 

Jessica Pratchler, Research Manager 
Northeast Agriculture Research Association (NARF) 
Box 1240, Melfort, SK S0E 1A0 
Phone: 306-231-4797 (office) Email: neag.agro@gmail.com  
 

5. Introduction 
Historically, soybean production in Saskatchewan has been negligible, primarily due to a lack of varieties that 
matured early enough for the region; however, breeders have made tremendous progress in this regard and 
today Saskatchewan producers now have dozens of suitable varieties to choose from. While still a relatively 
minor crop provincially, soybean acres initially moved into southeast Saskatchewan and since then, to a limited 
extent, have been adopted throughout much of the wetter growing regions of the province. In 2013, the first 
year where Saskatchewan soybean production numbers were specifically recorded (Statistics Canada), producers 
seeded 68,800 ha (170,000) of soybeans and by 2017 that number had increased to 344,000 ha (850,000 ac). In 
Manitoba, farmers have adopted soybeans as a major component of their crop rotation, with 424,900 ha (1.1 
million ac) seeded back in 2013 up to a reported 926,700 ha (2.3 million ac) in 2017. While crop demand 
obviously varies with yield, soybeans are larger users of N. However, as a legume they are capable of meeting 
most of these requirements by way of biological N fixation through symbiotic relationships with Bradyrhizobium 
japonicum. A study completed in Manitoba showed that a 3056 kg/ha (45.5 bus/ac) soybean crop can take up 
223 kg N/ha in the above-ground plant material, 88% (197 kg N/ha) of which is subsequently removed in the 
harvested grain (Heard 2006). Despite the fact that soybeans can benefit from biological N fixation, because the 
percentage removed in the grain so high, the N benefit of soybeans credited to subsequent crops is often low or 
even negative (Salvagiotti et al. 2008). 

In regions where soybeans are a relatively new addition to crop rotations, such as most Saskatchewan fields, 
proper inoculation is known to be of utmost importance. Applying both granular and seed-applied inoculant has 
been common practice for new soybean growers in Saskatchewan and, in most cases, first time growers are 
being advised to use rates above those recommended by the product labels. Recent trials in eastern Manitoba, in 
fields where soybeans had been historically grown, only showed an economic response to granular inoculant 
(when also using a seed applied inoculant) in 3 of 17 sites (Tone et al. 2014). In the U.S. Midwest, many growers 
do not inoculate at all and De Bruin et al. (2010) found that there was no yield response to inoculant in 86% of 73 
fields that were evaluated. The probability of a break-even economic response ranged from 4-59% for individual 
states while the probability of a 2:1 return on investment was only 0.2-11% (De Bruin et al. 2010). A general 
recommendation from Minnesota is that soybeans should be inoculated for at least the first five years of 
production in a field and after that economic response may be unlikely (Randal 2012); however, this may vary 
depending on environment and rotation. That said, many soybeans grown in Saskatchewan over the next several 
years will be grown on fields that have not been historically seeded to soybeans and there are questions 
regarding how well B. japonicum will survive in our comparatively harsh environment. Consequently, inoculation 

mailto:cholzapfel@iharf.ca


 

2 
 

is expected be an important component of soybean production in Saskatchewan for the foreseeable future and 
the question will not be so much whether to inoculate but how much to inoculate. Most of the soybeans in 
Saskatchewan and Manitoba are purchased pre-treated with both a seed treatment and liquid inoculant so 
growers need to know whether they should be applying granular inoculant on top of that and, if so, at what rate. 
While the consensus in Saskatchewan is that proper inoculation is currently critical for this crop, the probability 
of response to granular inoculant over and above a liquid applied product, sometimes at rates well above label 
recommendations, requires further validation over a range of environments. 

Nitrogen fertilizer is generally not recommended for soybeans and can even reduce nodulation and, 
subsequently, biological N2 fixation; however, on average, biological fixation only supplies 50-60% of the total N 
requirements so additional N must come from either the soil or fertilizer (Salvagiotti et al. 2008). Despite the 
general recommendation not to apply N with soybeans, yield benefits to starter N are occasionally reported, 
particularly under cool/ dry conditions or in soils with very low organic matter or residual N (Osborne and Riedell 
2006; Randal 2012). In a review of 637 data sets published between 1966-2006, soybean yields were increased 
with N fertilizer approximately half the time; however, Salvagiotti et al. (2008) noted that responses typically 
occurred either with high yielding (>4.5 Mg/ha) crops or under stressful conditions such as poor nodule 
establishment, extremely low soil N at planting, low soil temperature or with absence of native B. japonicum. If N 
fertilizer is to be applied, the most logistically efficient application method is banding at seeding; however, there 
is evidence that soybeans respond better to N applied later in the growing season and that doing so reduces the 
potential for negative impacts on nodulation and biological N fixation (Salvagiotti et al. 2008). With this in mind, 
banding a slow release form of N fertilizer such as ESN® during seeding may outperform untreated urea without 
the added operation of a post-emergent application. In cases where responses to N have been reported, low 
rates (50 kg N/ha or less) have generally been sufficient.    

This project was initiated to expand upon the current knowledge base by investigating soybean response to 
various combinations of granular inoculant rates (when applied in addition to a liquid inoculant) and contrasting 
N fertilization strategies. The broad objective was to fine-tune N management recommendations for the growing 
number of new soybean producers in the province of Saskatchewan. While we recognize that including a fully 
uninoculated control was desirable from a scientific perspective, we chose to exclude this treatment as it created 
significant logistic challenges with seed sourcing, preparation and distribution amongst sites. It was our opinion 
that the current treatments adequately addressed the most important questions on inoculation and N 
fertilization as soybean acres expand and this crop becomes more established in Saskatchewan. 

6. Objective(s) or purpose of the project  
Broadly speaking, the objective of this project was to improve upon current N management recommendations 
for soybean production in Saskatchewan. More specific objectives were: 

1) To quantify the potential benefit of dual inoculation (seed-applied liquid plus granular) for soybean 
production on Saskatchewan fields with limited or no previous soybean history. 

2) To evaluate the potential merits of various N fertilization strategies (i.e. starter N, in-crop application) for 
soybean production in Saskatchewan to determine if and where such practices might beneficial. 

3) To investigate potential interactions between inoculation practices and N management strategies for 
soybean production in Saskatchewan. 

7. Materials and Methods 
Nitrogen fertility / inoculant trials with soybeans were initiated at three Saskatchewan locations in 2015 and 
continued through the next two seasons for a total of nine site-years. The locations were selected to represent a 
broad range of soils / environments and included: 1) Indian Head (Black soil zone), 2) Melfort (Moist Black soil 
zone) and 3) Outlook (Dark Brown soil zone). The specific field trial sites had no history of soybean production 
except Outlook in 2016 where soybeans were previously grown in both 2010 and 2013. The treatments 
evaluated were four N fertilizer treatments (0 N or 55 kg N ha

-1
 as side-banded urea, side-banded ESN

®
 or post-

emergent surface dribble-banded urea ammonium-nitrate) and four granular inoculant rates (0, 1x, 2x and 4x the 
label recommended rate of 4.5 kg/ha). All treatments received seed-applied liquid inoculant and the surface-
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dribbled banded (SBD) urea ammonium-nitrate (UAN) was targeted for early pod fill (R2-R3). The 16 treatments 
were arranged in a Randomized Complete Block Design with four replicates. 

Seeding equipment, plot size, and basic crop management varied from site-to-site depending on equipment and 
the specific environmental conditions encountered; however, all factors other than those being evaluated were 
held constant within each site and were intended to be non-limiting. The variety at all locations was Dekalb® 23-
10 RY in 2015-16 and 23-60 RY in 2017. The soybean seed in all treatments was inoculated with Optimize liquid 
inoculant (Monsanto BioAg) and granular inoculant was applied as per protocol (Cell-Tech granular). In addition 
to the N applied as part of the treatments, all plots received a blanket application of 58 kg/ha of 
monoammonium phosphate (11-52-0) which provided 6 kg N/ha. Weeds were controlled using registered 
herbicide applications tailored to each site and the plots were harvested with small plot combines when mature 
and dry. Selected site information and other agronomic details are provided in Tables 1 (2015), 2 (2016) and 3 
(2017) of the Appendices. Weather data were acquired from the nearest weather station for each site-year and is 
reported along with the long-term averages (1981-2010) in Table 4.  

The data collected included background residual soil nutrients (NO3-N) and other characteristics, emergence, 
mid- to late-season above-ground biomass yields, whole plant tissue N concentrations, in-season N uptake, seed 
yield, seed N concentrations, and seed N exports. Response data from all site-years except for Outlook-2016 
were combined for mixed model analyses (PROC MIXED, SAS 9.3) with the effects of site-year, N fertilizer 
treatment, inoculant treatment and all possible interactions considered fixed and the effects of replicate (within 
site-year) considered random. Heterogeneous variance estimates for each site-year were permitted for all 
response variables and doing so always improved model convergence. All treatment means (both within 
individual site-years and averaged across them) were separated using Fisher’s protected LSD test. Orthogonal 
contrasts were used to test whether the granular inoculant rate responses were non-significant, linear or 
quadratic (curvilinear). The data from Outlook in 2016 was analyzed in a similar manner but kept separate due to 
the unique cropping history which was expected to influence crop response to the inoculant treatments in 
particular. All treatment effects and differences between means were considered significant at P ≤ 0.05. 

8. Results & Discussion 
The weather conditions encountered varied widely from site-to-site with growing season (May-August) 
precipitation totals ranging from as low as 117 mm (Indian Head 2017) to 367 mm at Outlook in 2016. In general, 
conditions were wet in 2016, intermediate in 2015 and driest in 2017. The fields were lowest in residual N at 
Indian Head (11-21 kg NO3-N/ha; 0-60 cm), intermediate at Outlook (44-53 kg NO3-N; 0-60 cm) and highest at 
Melfort (52-101 kg NO3-N/ha; 0-30 cm; Table 5). This combination of variable moisture conditions and residual 
nitrate levels provided a robust evaluation of the treatments being evaluated.  

Soybean emergence was affected by both site (P < 0.001) and N treatment (P < 0.001) while a significant 
interaction between these factors (P < 0.001) showed that the N effect varied with environment. Neither 
inoculant treatment (P = 0.188) nor any other interactions (P = 0.198-0.673) were significant (Table 6). The 
overall mean (across sites and treatments) plant density was 46 plants/m

2 
while the range was 33-59 plants/m

2
 

amongst individual sites (Table 7). Across site-years, plant densities tended to be lowest with urea and ESN (44-
45 plants/m

2
) compared to the treatments where no supplemental N was applied at seeding (46-47 plants/m

2
; 

however, this was due exclusively to the observed effects at Melfort in 2016 and 2017. At Melfort in 2016, both 
the urea and ESN treatments had lower populations compared to where no N was applied (33-38 versus 44-45 
plants/m

2
) while in 2017 only side-banded urea negatively affected emergence (33 versus 42-45 plants/m

2
). 

Nitrogen treatment did not affect emergence at any other sites. Individual treatment means are provided in 
Table 8; however, neither the N × I nor N × I × S interactions were significant indicating that the N effects (where 
significant) were generally consistent across inoculant treatments. 

Above-ground biomass, measured between the R1-R3 grow stages (flowering to early pod formation), was 
affected by site (P < 0.001), N treatment (P < 0.001) and inoculant (P = 0.016; Table 6). Aside from the N effect 
varying across sites (P = 0.024), no other interactions were significant (P = 0.160-0.990). Differences amongst 
sites, where biomass yields ranged from 2966 kg/ha to as high as 8345 kg/ha (Table 9), were partly attributable 
to variation in timing of the measurements in additional to differences in environmental conditions. Averaged 
across sites, significantly higher biomass production was observed when starter N (urea or ESN) was applied 
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(5942-5963 kg/ha) compared to the treatments where no starter N was applied (4849-5102 kg/ha). Regarding 
the S × N interaction, the trends were similar at the majority of sites; however, the F-test was not significant at 
Melfort in 2016 and, in two cases (Indian Head 2015 and Outlook 2017), the in-crop UAN also led to higher 
biomass. These subtle inconsistencies were likely due to differences in residual soil N and variation in the timing 
of the N applications relative to that of the biomass measurements. When averaged across sites and N 
treatments, above-ground biomass also increased quadratically (P = 0.034) with granular inoculant rate, peaking 
at 2x the label recommended rate; however, ranging from 5225-5681 kg/ha, the magnitude of the response was 
smaller than that observed with starter N. While the F-test for inoculant treatment was only significant at a 
quarter of the individual sites, this was partly due to high variability associated with biomass measurements and 
the trends were consistent enough that the S × I interaction was not significant (P = 0.160). Individual treatment 
means are provided in Table 10 despite the lack of an overall N × I interaction (P = 0.328).  

Tissue N concentrations were affected by all main effects (P < 0.001) and all possible interactions (P ≤ 0.001) 
except for the most complex S × N × I interaction (P = 0.063). Across sites and inoculant treatments, there was no 
difference in tissue N concentrations between the control and either treatment where starter N was applied 
(2.46-2.53%); however, concentrations were higher with the in-crop UAN application (2.73%; Table 11). This 
effect was somewhat inconsistent across sites despite the significant F-test at 7/8 possible sites. The treatment 
where in-crop UAN was applied had amongst the highest tissue N concentrations at 6/7 sites where the response 
was significant. In contrast, the control (no N applied) and each of the starter N treatments (urea, ESN) had 
amongst the highest values at 1/7 responsive sites. While the overall F-test for granular inoculant rate effects 
was only significant at 5/8 sites, the trends were similar at the responsive sites whereby tissue N concentrations 
increased quadratically with granular inoculant rate in all cases (P < 0.001). Averaged across the eight sites, the 
response to inoculant rate was still quadratic (P < 0.001) but increased significantly with each incremental 
increase in inoculant rate, from 2.10% when no granular inoculant was applied to 2.79% at the 4x label rate 
(Table 11). Importantly, the interaction between N treatment and inoculant showed that starter N (urea and 
ESN) led to higher tissue N concentrations in the absence of granular inoculant but either similar or lower tissue 
N concentrations when the soybeans were double inoculated (Table 12). While the trend was for lower tissue N 
with starter N for all inoculant treatments, the reduction was only significant at the 4x rate where an overall 
average of 2.9% tissue N was observed with in the control compared to 2.64-2.65% with side-banded N, 
regardless of form. While nodulation was not specifically assessed, this indicates that, overall, biological N 
fixation was negatively impacted by increased mineral N early in the season. There were no consistent benefits 
to the ESN over untreated urea despite the presumably slower N release. Except at the 4x label rate of granular 
inoculant, where values were similar to the 0N control, tissue N concentrations were always highest with the 
late-season application of UAN and significantly higher than the 0 N control treatments. With no S × N × I 
interaction, this response was reasonably consistent across site-years with the notable exception of Indian Head 
in 2017 (the driest site) where no main effects or interactions were significant for this variable. 
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Figure 1. Average soybean tissue N concentration response to contrasting N management strategies and dual inoculation 
(all treatments received liquid inoculant) across 8 site-years in Saskatchewan (all sites had no previous history of 
soybeans). The N rate was 55 kg N/ha in all applicable treatments - urea and ESN were side-banded while UAN was 
dribble-banded at the R2-R3 stage. Error bars are the S.E.M. (0.053). Actual responses varied at individual site-years.  

In-season N uptake, a function of both the observed biomass yields and tissue N concentrations, was affected by 
all three main effects with significant S × N and S × I interactions (P < 0.001; Table 6). Due to the timing of the 
biomass measurements, these values do not necessarily represent the peak, or total N uptake of the soybeans. 
Across all treatments and sites, mean in-season N uptake was 135 kg N/ha (Table 13). While the values for 
individual sites ranged widely from 71-283 kg N/ha, this variation was, similar to the biomass yields, at least 
partly due to differences in crop stage at sampling. Focussing on N effects, total N uptake was higher on average 
(across sites and inoculant treatments) with all fertilized treatments (138-139 kg N/ha) compared to the control 
(123 kg N/ha). The S × N interaction was due to the N rate responses only being significant at 4/8 sites with the 
non-responsive sites being either relatively high in residual N (Outlook 2015, Melfort 2015 and 2016) or limited 
by drought (Indian Head 2017). Nitrogen uptake also increased quadratically (P < 0.001) with granular inoculant 
(averaged across sites and N treatments) increasing from 101 kg N/ha to 137 kg N/ha when a 1x label rate was 
applied and levelling off at 149-151 kg N/ha with 2-4x the label recommended rate. The S × I interaction was due 
to a lack of response at all three locations in 2017 but otherwise generally consistent results. Although the N × I 
interaction was not significant at the desired probability level, the N treatment effects were more pronounced 
when no granular inoculant was applied (Table 14). While the F-test for this interaction was, in-fact, significant at 
7/8 individual sites, the responses tended to be variable and somewhat inconsistent.    

Soybean seed yield averaged 2722 kg/ha across all sites and treatments (Table 15) and was affected by all three 
main effects with all possible interactions being highly significant (P < 0.001-0.009; Table 6). From site-to-site, the 
average yields ranged from 1534-4030 kg/ha with lowest production at Indian Head in 2017 where drought was a 
major limiting factor. Averaged across all sites and inoculant treatments, yields were 5% (129 kg/ha) higher with 
N fertilizer but the response varied across granular inoculant treatments. Regarding the S × N interaction, N 
effects were inconsistent, only significantly impacting yield at 6/9 sites with further discrepancies amongst the 
responsive sites individually. The overall inoculant response was highly significant with yields increasing by 19-
20% (454-471 kg/ha) over the control at granular inoculant rates of 1-2x the label recommendation and by 24% 
(567 kg/ha) at the 4x rate. Although yields at the 4x granular inoculant rate were significantly higher than those 
at the 1-2x rate when averaged across sites and N treatments, the response was quadratic (P < 0.001) with 80% 
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of the potential yield benefit achieved at the 1x rate with diminishing returns as the rate was increased further. 
All sites (with no previous soybean history) were responsive to dual inoculation with the significant S × I 
interaction attributed to variation in the rate where maximum yields were achieved. While there were trends 
towards further increases in a few cases (i.e. Outlook 2015 and 2017, Melfort in 2017), there were no statistically 
significant yield benefits to exceeding the 1x rate at any individual sites except for Indian Head 2017 where yields 
at the 4x rate were higher than those achieved with 1-2x rates. Importantly, the N × I interaction was due the 
observed N benefit only occurring in the absence of granular inoculant – there were no significant differences 
amongst N treatments when granular inoculant was applied (when averaged across sites; Table 16).  However, 
with a significant S × N × I interaction, this response was not always consistent. The variation across sites was 
primarily due to differences in which N strategy (without granular inoculant) was most effective. Late season 
applications of UAN provided the greatest benefit at Indian Head in 2015-16 but were ineffective in 2017 under 
drought conditions and at Melfort in 2017 where it was also dry late in the season when the supplemental N was 
applied. At Outlook in 2017, all N fertilizer strategies provided similar yield benefits and for the remaining 2 sites 
(Melfort 2015 and 2016), where residual N was higher, there was no yield benefit to N fertilization even in the 
absence of granular inoculant.  

 

Figure 2. Average soybean yield response to contrasting N management strategies and dual inoculation (all treatments 
received liquid inoculant) across 8 site-years in Saskatchewan (all sites had no previous history of soybeans). The N rate 
was 55 kg N/ha in all applicable treatments - urea and ESN were side-banded while UAN was dribble-banded at the R2-R3 
stage. Error bars are the S.E.M. (51.1). Actual responses varied at individual site-years.  

Seed N concentrations were affected by all three main effects (Table 6) with significant interactions between N 
treatment and inoculant rate (N × I; P = 0.026), site by N treatment (S × I; P < 0.001) and site by inoculant rate (S 
× I; P < 0.001). The three-way S × N × I interaction was also highly significant (P = 0.001) for percent seed N. 
Across sites, N effects were small with slightly higher seed N concentrations in the control and with in-crop UAN 
(5.78-5.79%) compared to where urea or ESN were side-banded (5.70-5.72%; Table 17). Inspection of individual 
site means reveals that this effect was only observed at 3/8 individual sites (Indian Head 2015 and 2016, Melfort 
2016) while, at the remaining five site-years, N treatment had no effect on seed N. Interestingly, residual soil 
NO3-N was extremely high at Melfort in 2016 (101 kg N/ha; 0-30 cm) while the other two responsive sites, at 
Indian Head, had amongst the lowest residual NO3-N levels (15-21 kg N/ha). Across all eight sites, seed N 
concentrations increased quadratically with granular inoculant in similar manner as observed with yield (i.e. 
greatest increase going from the 0-1x inoculant rate). With significant F-tests at 6/8 sites (no response at Indian 
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Head or Outlook in 2017), the inoculant response was more consistent across sites than the N treatment 
response but still varied with regard to the rate where seed N concentrations peaked. At two locations (Indian 
Head and Melfort in 2016), seed N concentrations increased right up the highest (4x) rate while for the other 
responsive sites values leveled off at 1-2x the label recommended granular inoculant rate. Similar to yield, the N 
× I interaction showed that the N effects were generally only significant in the absence of granular inoculant; 
however, the results varied to some extent amongst individual sites (Table 18). 

 

Figure 3. Average soybean seed N concentration response to contrasting N management strategies and dual inoculation 
(all treatments received liquid inoculant) across 8 site-years in Saskatchewan (all sites had no previous history of 
soybeans). The N rate was 55 kg N/ha in all applicable treatments - urea and ESN were side-banded while UAN was 
dribble-banded at the R2-R3 stage. Error bars are the S.E.M. (0.047). Actual responses varied at individual site-years.  

Nitrogen exports in the harvested seed were calculated from the observed seed yields and N concentrations and 
are a good indicator of cumulative N uptake. Nitrogen exports were affected by site and inoculant rate (P < 
0.001) but not N treatment (P = 0.146); however, the interactions with site were significant for both other main 
effects (P < 0.001), indicating that the responses varied with environment (Table 6). The N × I interaction was also 

significant (P = 0.026), but the S × N × I interaction was not (P = 0.570). While the overall N effect was not 

significant when averaged across sites, the interaction with site detected a response at 5/8 sites. Amongst the 
responsive sites, however, N fertilizer effects were inconsistent with lower exports associated with starter N at 
2/5 sites while the opposite occurred at 3/5 sites. The response to in-crop N varied, largely depending on 
precipitation late in the season with poor efficacy under dry late-season conditions. Focussing on the inoculant 
response, N exports were lowest in the control (131 kg N/ha), intermediate at the 1-2x rates (165 kg N/ha), and 
slightly but significantly higher at the 4x rate (171 kg N/ha) across sites.  As with the other variables, the N × I 
interaction was important and showed that the N treatments only affected soybean seed N exports when no 
granular inoculant was applied – when nodulation was presumably inadequate to meet the crop’s N 
requirements (Table 20). With no granular inoculant, total N exports in the seed were similar across all fertilized 
treatments (135-138 kg/ha) and 15% (18 kg N/ha) higher than the control. The F-test for the N × I interaction was 
significant at all individual site-years and the lack of an S × N × I interaction (P = 0.570) further indicates that this 
response was consistent. 
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Figure 4. Average soybean seed N export response to contrasting N management strategies and dual inoculation (all 
treatments received liquid inoculant) across 8 site-years in Saskatchewan (all sites had no previous history of soybeans). 
The N rate was 55 kg N/ha in all applicable treatments - urea and ESN were side-banded while UAN was dribble-banded at 
the R2-R3 stage. Error bars are the S.E.M. (3.75). Actual responses varied at individual site-years.  

Recall that the field history at Outlook in 2016 differed from the other sites in that it had hosted two previous 
soybean crops within the previous six years (2010 and 2013). All of the conditions of the Manitoba Pulse and 
Soybean Growers checklist (https://www.manitobapulse.ca/2016/05/soybean-fertility-fact-sheet/) to suggest 
that single inoculation was likely to be adequate were met at this site. Consequently, data from this site were 
analyzed separately and are presented for all variables in Tables 21 and 22. At this site, neither N treatment nor 
granular inoculant rate affected emergence, biomass yields, in-season N uptake, seed yields, seed N or N exports. 
The only factor that was affected was tissue N concentrations which tended to be highest with in-crop UAN and 
dual inoculation. Although only one site, this supports work in Manitoba which suggests that fields with sufficient 
previous history of soybeans are less likely to benefit from dual inoculation (i,e. Tone et al. 2014).  

9. Economic and Practical Implications For growers  
This research has provided Saskatchewan farmers with practical information on best management practices for N 
management in soybeans. The project evaluated a combination of granular inoculant rates (in addition to seed-
applied liquid inoculant), starter N (as either untreated urea or ESN) and late-season (R2-R3) top-dress 
applications of N fertilizer. While it is difficult to accurately determine the absolute economic value of the work 
completed, broad assumptions can be made and several key lessons derived from the project can be 
implemented to help new growers optimize N nutrition in soybean production. 

1) Total N requirements of soybeans varied widely with yield whereby 81-242 kg N/ha was removed (in the 
harvested seed) amongst individual sites with an overall average of 158 kg N/ha. Based on Heard (2006), we 
can estimate that total N uptake peaked at closer to 92-275 kg N/ha with a mean of 180 kg N/ha. Ultimately, 
these uptake amounts clearly demonstrate that the goal of soybean growers must always be to achieve 
adequate inoculation. While there may merit to N fertilization under specific circumstances, it is not 
practical, desirable nor economical to fertilize for the entire N requirements of this crop. On a per bushel 
basis, mean N removal in the current study ranged from 2.7-3.8 lb N/bu for individual sites and averaged3.5 
lb/bu which is in-line with other reputable sources (i.e. 3.2 lb N/bu of soybeans according to the 
International Plant Nutrition Institute).  
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2) Although the observed yield responses to dual inoculation were strong and consistent in fields with no 
previous soybean history, the effects of N varied and were typically only ever realized when nodulation was 
presumably poor due to inadequate inoculation. Although it did not generally translate into yield 
differences, there was occasional evidence of starter negatively impacting N fixation (i.e. lower tissue and 
seed N concentrations). This suggests that starter N (or fields with high residual N) should be avoided in 
order to get the best possible response to B. japonicum inoculation and, subsequently, best nodulation and 
most effective N fixation possible. Starter N, particularly side-banded urea, also occasionally (albeit rarely) 
reduced plant stands. Notably, starter N did consistently increase biomass yields, which often gave the 
impression of a healthier plant earlier in the season; however, it was extremely rare for this to lead to higher 
yields except when inoculation was inadequate.  

3) In the absence of granular inoculant, N fertilization did frequently (not always) lead to increased yields; 
however, yields were almost never increased to what was achieved with good nodulation and subsequent N 
fixation. For this reason, we cannot recommend starter N applications with soybeans, even with low levels of 
residual NO3-N. In such cases, the N provided in other fertilizer products (i.e. monoammonium phosphate) is 
likely adequate to prevent early season deficiencies.  While the responses were not always consistent, late 
season applications of 55 kg N/ha were reasonably effective for mitigating yield loss. Averaged across 8 sites, 
in-crop N applications recovered yield to approximately 88% of the yields achieved with dual inoculation 
while, for comparison, yields with no rescue application were 75%. While the product used in this project 
was liquid UAN (28-0-0) and it worked reasonably well, significant leaf burn was frequently observed and, for 
this reason, granular N products may be preferred for this application. Growers are advised to check nodules 
at the R1 stage (start of flowering) in order to be able to make arrangements to top-dress no later than R3 
(early pod fill) if poor nodulation is suspected (< 5 nodules per plant on average; MPSG 2016). Regardless of 
the form, in-crop N will be most effective if applied ahead of sufficient precipitation to move it into the 
rooting zone. 

4) While this work showed clear benefits to dual inoculation on fields with no previous soybean history, the 
optimal rate varied to some extent. Applying the label recommended rate (1x) was sufficient in the vast 
majority of cases, with no significant yield differences between the 1-2x rates detected at any individual 
sites. However, stronger responses did occasionally occur with a linear (but not quadratic) response at 2/8 
sites and, at one site (Indian Head 2017), higher yields at the 4x rate than at the 1-2x rates. The strongest 
responses were observed in 2017 when it was dry (presumably due to higher mortality of the B. japonicum) 
and, except for at Outlook where yields were consistently high, lowest yielding conditions. Due to the 
importance of adequate nodulation in soybean production, using higher than label recommended rates of 
granular inoculant may be reasonably justified; however, the results of this study suggest that, in most cases 
and particularly under good growing conditions, a 1x rate of granular inoculant will provide most of the yield 
benefit and usually be sufficient when using inoculated seed in fields with no previous soybean history.  

5) While soybean producers are not specifically paid for protein, minimum quality standards must be met and 
this project provided information on management effects on seed protein concentration (i.e. seed N). In 
general, protein was affected in a similar manner as yield with no consistent benefits to N fertilization but 
strong and consistent responses to granular inoculant. Averaged across all eight sites, seed N concentrations 
were actually reduced with starter N. Although the inoculant effects on seed N were consistent with the 
yield response, seed N concentrations (i.e. protein) did sometimes continue to respond to granular inoculant 
rates exceeding those required to maximize yield. 

6) While evaluating crop response under such conditions was not part of the initial objectives, the Outlook 
2016 site provided insights into what might expected going forward for growers who choose to integrate 
soybeans as major component of their crop rotations. With two preceding soybean crops (2010 and 2013) at 
this site, there was no to benefit dual inoculation for any factors other than tissue N concentrations. This is 
in agreement with other research and suggests that populations of B. japonicum are likely able to survive for 
a certain period and we can expect diminished returns to more aggressive inoculation on fields where 
soybeans have been integrated into the crop rotation. 
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7) Averaged across all site-years, yields were approximately 500 kg/ha (over 7 bu/ac) higher with dual 
inoculation in fields with no previous history of soybean production. In 2016, a new provincial record of 
approximately 850,000 acres of soybeans was seeded in Saskatchewan. Yield benefits associated with this 
work could be realized either through positive responses to dual inoculation, or by mitigating potential yield 
loss (due to nodulation failures) with in-crop applications of N fertilizer. While it is unlikely that the same 
level of response will continue to be achieved on fields where soybeans become an established and frequent 
part of the rotation, the number of acres where this is the case is likely currently very small and this will 
continue to be the case for the foreseeable future. While somewhat crude, if we assume a seeded area of 
500,000 ac, an average yield benefit of 7 bu, grain price of $10/bu, and granular inoculant cost of $10/ac (at 
1x rate) the potential economic impact of this research could be estimated at $30 million annually. At 1 
million seeded acres, if production were to reach that level, the value would double to $60 million dollars 
annually. This, of course, assumes that the majority of first time soybean producers were not previously 
double inoculating (which has not been the case); however, the results confirm commonly recommended 
practices and will increase producer confidence in their inoculation and N fertilization decisions. Further 
gains, which are more difficult to quantify, might be realized through higher seed protein concentrations, 
which has been a challenge with soybean production in Saskatchewan, and subsequently greater 
marketability of our product.  

10. Conclusions & Recommendations  
Several key conclusions and recommendations can be drawn from this work. 

1) Nitrogen uptake and removal: While this result was not particularly surprising given previously available 
information, the observed N removal and estimated peak uptake of soybeans in this study clearly illustrated 
the need for strong nodulation and subsequent N fixation to produce high soybean yields. Depending on 
yield, 81-242 kg N/ha was removed (in the harvested seed) with an overall average of 158 kg N/ha. If we 
assume that this was approximately 88% of the cumulative N uptake (Heard 2006), total uptake could be 
estimated at 180 kg N/ha on average and as high as 275 kg/ha. 

2) Starter Nitrogen Fertilizer: Although it did generally increase vegetative growth, tangible benefits to starter N 
(side-banded urea or ESN) were inconsistent and nearly always only observed in the absence of granular 
inoculant, when nodulation was presumably inadequate to meet the N needs of the crop. While, with poor 
inoculation, starter N was occasionally beneficial, there was also evidence of it having a negative impact on 
nodulation in double inoculated treatments (i.e. lower tissue and seed N concentrations in a few cases). 
While the negative effects did not usually translate into yield losses, when we consider the importance of 
biological N fixation, added cost and lack of benefit with well inoculated soybeans, starter N cannot be 
recommended. The small amounts of N provided with P and S fertilizer products are likely to be sufficient to 
prevent yield limiting N deficiencies before biological N fixation can take over in the vast majority of cases. 

3) Yield Response to Dual Inoculation: At the sites with no previous soybean history, there were strong yield 
responses to dual inoculation with a mean overall benefit of 497 kg/ha or 24%. This response was observed at 
all locations. At 5/8 sites there was no benefit to increasing rates beyond the 1x label rate but at 3 sites (all in 
2017) there was evidence of stronger responses. At the one site with a history of soybeans in production 
(Outlook 2016, analyzed separately) there was no practical benefit to dual inoculation. Overall, these results 
are consistent with other research and support the recommendation of dual inoculation (liquid plus at least a 
1x rate of granular inoculant) in fields with limited or no previous history of soybean production. For fields 
where soybeans are established (i.e. Outlook 2016), the potential benefit to dual inoculation is smaller and 
growers should consult the MPSGA checklist (https://www.manitobapulse.ca/2016/05/soybean-fertility-fact-
sheet). This checklist suggests that when all of the following conditions are met, single inoculation is likely to 
be sufficient: 1) field has had at least two previous soybean crops; 2) previous soybeans have nodulated well; 
3) most recent soybean crop was within the past four years; and 4) no significant flooding or drought.    

4) In-crop N Applications: While they would not be recommended as a general practice, in-crop N applications 
have a fit for mitigating yield loss when poor nodulation is suspected. In the current study, surface dribble-

https://www.manitobapulse.ca/2016/05/soybean-fertility-fact-sheet
https://www.manitobapulse.ca/2016/05/soybean-fertility-fact-sheet
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banded UAN at R2-R3 (early pod fill) increased yields by 368 kg/ha (18%) when no granular inoculant was 
applied. While effective for reducing yield loss, top-dressing N on inadequately nodulated soybeans never 
resulted in yields as high as could be achieved with good inoculation. Although the product used in this trial 
was liquid UAN, significant leaf burn was frequently observed and therefore granular products (i.e. urea) are 
more appropriate for later season rescue N applications in soybeans. 

5) Increasing Grain Protein: While low seed protein concentrations have occasionally been flagged as a concern 
for soybeans in Saskatchewan, the results of this project generally indicate that the optimal management for 
both yield and protein are similar. Starter or in-crop N was not beneficial when inoculation was adequate and, 
for starter N specifically, sometimes led to lower seed N concentrations. Occasionally, seed N continued to 
increase at granular inoculant rates beyond those required for maximizing yield; however, in general, the 
responses were similar.  

11. Future research 
Overall, this project achieved the intended objectives of evaluating the potential benefits of dual inoculation 
along with the feasibility of various N management strategies at different inoculation levels. Future work might 
consider investigating granular inoculant responses with and without seed-applied inoculant to determine 
whether the latter is necessary if adequate rates of granular inoculant are applied. This could reduce seeding 
costs and also potentially simplify seeding logistics by enabling growers to accept seed delivery earlier in the 
spring without concerns of commercially applied inoculant losing viability. Going forward, we suspect that 
growers who incorporate soybeans as a regular crop in their rotation will see diminishing benefits to the more 
intensive inoculation strategies; however, factors such as time between soybean crops and environmental 
conditions will impact B. japonicum survival and populations in the soil and subsequent inoculant responses. 
Because inadequate nodulation will result in yield reductions that cannot be fully mitigated with in-crop N, 
making the wrong decision regarding inoculation can potentially be very costly and many growers are likely to err 
on the side of caution. As such, there would be substantial benefit to a relatively low-cost test to assess viable B. 
japonicum populations in the soil along with information on critical thresholds to help guide inoculation 
decisions. Occasionally, whether due to human error or environmental circumstances, inoculation/nodulation 
failures can occur. For when this happens, producers may benefit from refined information on optimal rates, 
forms (i.e. might include UAN, granular urea, NBPT treated urea, foliar products) and application timing (i.e. R1 
through R4-R5) for rescue N applications.  
 

12. Technology transfer activities 
In 2015, the research was introduced and field trials shown at two major field days at Indian Head: 1) to 
approximately 70 retail agronomists on Jul-10 (Federated Coop Limited Tour) and 2) to 200 producers and 
agronomists on Jul-21 (Indian Head Crop Management Field Day). The first tour was hosted by Chris Holzapfel 
while, at the latter, John Heard (MAFRI) lead a discussion on soybean inoculation, starter N and options for 
rescuing crops in cases where nodulation is inadequate while Chris Holzapfel discussed the specific study details. 
The trial was also highlighted at a Faba bean & Soybean tour at Melfort on Jul-29 (2015) attended by 75 people. 

In 2016, the trial was again shown and discussed by Chris Holzapfel (IHARF) and Corey Loessin (SPG) at the Indian 
Head Crop Management Field Day (Jul-19, 212 guests) and on tours coordinated with Arysta Lifesciences (Jul-26, 
45 guests) and Richardson Pioneer (Jul-27, 33 guests). At Outlook in 2016, the trial was shown to approximately 
300 guests at the ICDC Field Day and again to approximately 50 guests on a smaller tour on Aug-16. At the 2016 
Scott Field Day on Jul-13, Jeff Schoenau and WARC staff showed the trials and presented on the subject to 
approximately 200 people. Preliminary results were also presented by Chris Holzapfel at the Corn and Soybean 
Summit in Estevan (Dec-9 2016, approximately 40 guests), at the IHARF Winter Seminar and AGM in Weyburn 
(Feb-1 2016, approximately 100 guests), and at a Crop Command Agronomy meeting (March 16, ~50 guests) in 
Southey. Jessica Pratchler presented preliminary results at the SIA Ag Update in Melfort (February 2, 
approximately 150 guests). 

In 2017, the field trials at Indian Head could not be shown during IHARF/AAFC’s main field day; however, the site 
was visited and preliminary results were discussed with approximately 100 guests on two other tours hosted for 
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Federated Co-Op (FCL) and Richardson-Pioneer agronomists on July 13 and July 21, respectively. At Scott, Jessica 
Weber highlighted the project during a Farm Writers of Saskatchewan tour hosted at the site on June 3. Chris 
Holzapfel also presented preliminary results to 382 attendants at the Pulse and Soybean Agronomy Workshop 
hosted by SPG in Saskatoon on November7-8.  

In addition to the field tours and oral presentations, interim reports for the project have been available for 
download from the IHARF website (www.iharf.ca) and this final report will also be made publicly available in the 
near future. 

13. Funding contributions 
Financial support specific to this project was provided by the Saskatchewan Pulse Growers. The organizations 
that completed the work also receive unrestricted funding from the Saskatchewan Ministry of Agriculture Agri-
ARM applied research program and have strong working relationships with Agriculture and Agri-Food Canada 
which must be acknowledged. Seed and inoculant for the project was provided in-kind by Monsanto Canada for 
all three years of the project. Danny Petty (IHARF) played an important role with regard to project administration 
and collaborator agreements. Finally, none of the work would have been possible without the land, equipment 
and staff of the Indian Head Agricultural Research Foundation (IHARF), Irrigation Crop Diversification Corporation 
(ICDC) and Northeast Agriculture Research Foundation (NARF). 

14. Appendices 

Table 1. Pertinent site and agronomic information for soybean nitrogen management field trials in 2015. 

Agronomic Factor 
/ Data Collection 

Indian Head 

2015 

Outlook 

2015 

Melfort 

2015 

Soybean History no previous soybeans no previous soybeans no previous soybeans 

Previous crop Spring Wheat Spring Wheat Oat 

Tillage System no-till cultivator/harrow rototilled 

Row spacing 30 cm 25 cm 19 cm 

Seeding date May 21 May-26 May-21 

Seeding rate 55 seeds m
-2

 53 seeds m
-2

 55 seeds m
-2

 

Emergence 
counts 

Jun-16 June 24 June 19 

In-crop 
herbicide 1 

890 g glyphosate ha
-1

 + 
50 g imazethapyr ha

-1
 

Jun-8 

1334 g glyphosate ha
-1

 

June-22 

1334 g glyphosate ha
-1

 

Jul-2 

In-crop 
herbicide 2 

890 g glyphosate ha
-1 

Jul-4 

1334 g glyphosate ha
-1

 

Jul-15 

1334 g glyphosate ha
-1

 

Jul-16 

UAN Treatments July 16 July 21 July 20 

Biomass harvest Aug-26 Aug-27 date not available 

Seed harvest Oct-13 Oct 13 Oct-16 

 

 

 

 

 

http://www.iharf.ca/
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Table 2. Pertinent site and agronomic information for soybean nitrogen management field trials in 2016. 

Agronomic Factor 
/ Data Collection 

Indian Head 

2016 

Outlook 

2016 

Melfort 

2016 

Soybean History no previous soybeans 2013 & 2010 no previous soybeans 

Previous crop Spring Wheat Spring Wheat Spring Wheat 

Tillage System no-till cultivator/harrow no-till 

Row spacing 30 cm 25 cm 30 cm 

Seeding date May 22 May-19 May-18 

Seeding rate 63 seeds m
-2

 53 seeds m
-2

 55 seeds m
-2

 

Emergence 
counts 

Jun-14 June 24 June 15 

In-crop 
herbicide 1 

890 g glyphosate ha
-1

 + 50 g 
imazethapyr ha

-1
 

Jun-17 

890 g glyphosate ha
-1

 

June 22 

1334 g glyphosate ha
-1

 

Jun-15 

In-crop 
herbicide 2 

890 g glyphosate ha
-1 

Jul-5 

n/a 

 

1334 g glyphosate ha
-1

 

Jul-5 

UAN Treatments July 22 July 21 July 19 

Biomass harvest Aug-19 Aug 27 Aug-16 

Seed harvest Oct-1 Nov-4 Nov-8 

 

Table 3. Pertinent site and agronomic information for soybean nitrogen management field trials in 2017. 

Agronomic Factor 
/ Data Collection 

Indian Head 

2017 

Outlook 

2017 

Melfort 

2017 

Soybean History no previous soybeans no previous soybeans no previous soybeans 

Previous crop Barley Spring Wheat Spring Wheat 

Tillage System no-till cultivator/harrow no-till 

Row spacing 30 cm 25 cm 30 cm 

Seeding date May-17 May-23 May-29 

Seeding rate 56 seeds/m
2
 56 seeds/m

2
 55 seeds/m

2
 

Emergence 
counts 

Jun-19 Jun-28 Jun-26 

In-crop 
herbicide 1 

890 g glyphosate/ha + 50 g 
imazethapyr/ha 

Jun-16 

890 g glyphosate/ha 

June 27 

890 g glyphosate/ha  

Jun-20 

In-crop 
herbicide 2 

890 g glyphosate/ha
 

Jul-7 
n/a 

890 g glyphosate/ha  

Jul-5 

UAN Treatments Jul-24 Aug-1 Jul-20 

Biomass harvest Aug-22 Aug-11 Aug-11 

Seed harvest Sep-29 Oct-12 Oct-6 
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Table 4. Mean monthly temperatures and total precipitation amounts for the 2015-17 growing seasons along with the 
long-term averages at four Saskatchewan locations: Indian Head, Outlook and Melfort, Saskatchewan.  

Year May Jun Jul Aug Avg   May Jun Jul Aug Sum 

  ---------------- Mean Temperature (°C) ----------------  ------------------ Precipitation (mm) ------------- 

Indian Head-15 10.3 16.2 18.1 17.0 15.4 
 

16 38 95 59 208 

Indian Head-16 14.0 17.5 18.5 17.2 16.8 
 

73 63 113 30 279 

Indian Head-17 11.6 15.5 18.4 16.7 15.6 
 

10 66 15 25 117 

Indian Head-LT 10.8 15.8 18.2 17.4 15.6   52 77 64 51 244 

            

Outlook-15 10.4 17.3 19.2 17.4 16.1   9 39 135 58 241 

Outlook-16 13.5 17.5 18.6 16.9 16.6 
 

56 46 195 70 367 

Outlook-17 12.2 16.2 19.8 17.9 16.5 
 

33 28 68 7 136 

Outlook-LT 11.5 16.1 18.9 18.0 16.1   39 64 56 43 202 

            

Melfort-15 9.9 16.4 17.9 17.0 15.3   7 55 150 57 269 

Melfort-16 13.6 17.1 18.1 16.3 16.3 
 

17 53 129 81 280 

Melfort-17 10.8 15.2 18.7 17.2 15.5 
 

46 44 33 3 127 

Melfort-LT 10.7 15.9 17.5 16.8 15.2   40 54 77 52 223 

 

Table 5. Soil test information for 9 site years (three locations over three years) in soybean nitrogen management study 
conducted in Saskatchewan.  

Location Year 
pH                 

(0-15 cm) 
OM              

(0-15 cm)         
Olsen-P       

(0-15 cm)   
NO3-N         

(0-60 cm)
Z
 

K                   
(0-15 cm)          

S                    
(0-60 cm)

Z
       

  -------------- ------- % ------- ----- ppm ----- ---- kg/ha ---- ----- ppm ----- ---- kg/ha ---- 

Indian 
Head 

2015 7.7 5.6 5 15 676 18 

2016 8.0 4.8 4 21 545 70 

2017 7.4 5.7 6 11 663 60 

        

Outlook 

2015 8 — 7 53 290 179 

2016 7.6 2.4 12 35 231 47 

2017 7.3 1.9 5 44 165 98 

        

Melfort 

2015 6.3 11.3 22 84 618 87 

2016 5.9 11.5 8 101 486 36 

2017 6.1 11.4 29 52 769 60 
Z
 Soil only sampled to 30 cm at Melfort 
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Table 6. Overall tests of fixed effects site (location × year), nitrogen fertilization strategy, granular inoculant rate and 
their interactions from mixed model analyses of soybean nitrogen trials conducted at three Saskatchewan locations 
(Indian Head, Outlook, and Melfort) over a three-year period (2015-17). Data from Outlook in 2016 were excluded 
from the combined analyses. 

 
Emergence 

(plants/m
2
) 

Biomass 

(kg/ha) 

Tissue N 

(% N) 

N Uptake 

(kg N/ha) 

Seed Yield 

(kg/ha) 

Seed N 

(% N) 

N Exports 

(kg N/ha) 

 -------------------------------------------------------- Pr > F (p-value) -------------------------------------------------------- 

Site (S) <0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Nitrogen (N) <0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.016 0.146 

Inoculant (I) 0.188 0.016 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

N × I 0.673 0.328 0.001 0.110 < 0.001 0.065 0.026 

S × N 0.002 0.024 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

S × I 0.198 0.160 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

S × N × I 0.243 0.990 0.063 0.901 0.009 0.001 0.570 
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Table 7. Main effect means, overall F-test and contrast results for nitrogen management and inoculant rate effects on soybean emergence over 8 site-years. Main 
effect means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Main Effect Indian Head Outlook Melfort All 

2015 2016 2017 2015 2017 2015 2016 2017 ─ 

N Fertilizer 
Z
 ------------------------------------------------------------------------------ Emergence (plants/m

2
) ------------------------------------------------------------------------------ 

  Control (0N) 51.2 a 48.2 a 50.2 a 58.2 a 45.2 a 32.5 a 44.5 a 42.4 a 46.6 ab 

  55 N – urea 51.0 a 47.2 a 49.0 a 58.3 a 46.5 a 34.7 a 33.2 b 33.0 b 44.1 c 

  55N – ESN 51.5 a 47.1 a 47.0 a 58.4 a 46.1 a 30.4 a 38.1 b 41.5 a 45.0 bc 

  55N – UAN 52.6 a 48.6 a 51.0 a 59.2 a 46.1 a 34.8 a 44.0 a 45.2 a 47.7 a 

  S.E.M. 1.54 1.62 2.43 1.51 1.45 2.60  2.15 1.97 0.69 

  Pr > F 0.799 0.797 0.604 0.925 0.853 0.522 <0.001 <0.001 <0.001 

Granular Inoculant 
Y
          

0x (liquid only) 52.1 a 48.8 a 48.9 a 57.7 a 45.6 a 29.5 bc 40.2 a 37.8 a 45.1 a 

1x granular 52.7 a 46.7 a 50.1 a 60.5 a 45.8 a 37.5 a 40.4 a 41.4 a 46.9 a 

2x granular 49.6 a 47.0 a 49.6 a 57.0 a 45.5 a 36.2 ab 41.5 a 39.3 a 45.7 a 

4x granular 51.8 a 48.7 a 48.5 a 58.8 a 47.1 a 29.2 c 37.6 a 43.6 a 45.7 a 

S.E.M. 1.54 1.62 2.43 1.51 1.45 2.60 2.15 1.97 0.69 

Pr > F 0.265 0.523 0.956 0.163 0.700 0.021 0.532 0.092 0.188 
          

Inoc – linear (Pr > F) 0.619 0.816 0.801 0.948 0.311 0.476 0.325 0.035 0.947 

Inoc – quad (Pr > F) 0.259 0.157 0.646 0.985 0.590 0.004 0.309 0.914 0.205 
          

All 51.6 b 47.8 c 49.3 bc 58.5 a 46.0 c 33.1 e 39.9 d 40.5 d 45.8 

S.E.M. 1.14 1.17 1.48 1.13 1.11 1.55 1.37 1.30 ─ 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 8. Individual treatment means and overall F-test results for interactions between nitrogen management and inoculant rate for soybean emergence over 8 
site-years. Means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Treatment Indian Head Outlook Melfort All 

Nitrogen – Inoculant 
Z
 2015 2016 2017 2015 2017 2015 2016 2017 ─ 

 ----------------------------------------------------------------------------- Emergence (plants/m
2
) ----------------------------------------------------------------------------- 

0N – 0x gran 49.8 49.4 53.7 54.7 44.1 28.1 46.8 a 37.7 b-d 45.5 b-e 

Urea – 0x gran 54.0 43.7 49.6 56.8 47.8 26.7 34.9 b-d 33.2 de 43.3 e 

ESN – 0x gran 49.9 49.4 45.5 59.1 46.8 28.5 39.0 a-d 36.5 c-e 44.3 de 

PE-UAN – 0x gran  55.0 52.7 46.8 60.3 43.6 34.8 40.2 a-d 43.7 a-c 47.1 a-d 

           

0N – 1x gran 50.9 49.2 45.9 62.3 47.7 36.5 43.1 a-c 42.2 a-d 47.2 a-d 

Urea – 1x gran 52.3 47.6 49.2 57.0 44.6 42.1 31.2 d 35.3 c-e 44.9 c-e 

ESN – 1x gran 56.6 42.9 51.3 62.1 45.8 34.4 39.0 a-d 39.8 a-d 46.5 a-e 

PE-UAN – 1x gran  51.1 47.2 54.1 60.6 45.2 36.9 48.4 a 48.2 a 49.0 a 

          

0N – 2x gran 51.9 45.3 48.0 56.3 41.9 28.8 45.9 a 42.7 a-d 45.1 b-e 

Urea – 2x gran 44.9 47.4 55.8 59.9 47.4 42.2 34.9 b-d 27.5 e 45.0 c-e 

ESN – 2x gran 50.3 45.5 42.7 55.6 46.2 32.3 41.0 a-d 43.1 a-c 44.6 de 

PE-UAN – 2x gran  51.3 49.6 52.1 56.4 46.6 41.4 44.3 ab 44.1 a-c 48.2 a-c 

           

0N – 4x gran 52.3 48.8 53.3 59.5 47.2 36.5 42.3 a-d 47.0 ab 48.4 ab 

Urea – 4x gran 52.9 50.2 41.4 59.5 46.3 27.8 32.0 d 35.9 c-e 43.2 e 

ESN – 4x gran 49.2 50.6 48.4 56.8 45.8 26.3 33.2 cd 46.8 ab 44.6 de 

PE-UAN – 4x gran  52.9 45.1 50.9 59.5 49.1 26.0 43.1 a-c 44.7 a-c 46.4 a-e 

          

S.E.M. 2.57 2.75 4.56 2.50 2.34 4.91 3.95 3.55 1.24 

Pr > F 0.241 0.347 0.611 0.429 0.762 0.119 0.015 <0.001 0.673 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 9. Main effect means, overall F-test and contrast results for nitrogen management and inoculant rate effects on soybean biomass yields (mid- to late-season) 
over 8 site-years. Main effect means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Main Effect Indian Head Outlook Melfort All 

2015 2016 2017 2015 2017 2015 2016 2017 ─ 

N Fertilizer 
Z
 ------------------------------------------------------------------------- Above-Ground Biomass (kg/ha) ------------------------------------------------------------------------- 

  Control (0N) 7419 b 5135 b 4187 bc 5404 c 2228 b 4248 bc 5990 a 4183 c 4849 b 

  55 N – urea 8446 a 6650 a 4906 a 6165 ab 3325 a 5565 a 7240 a 5241 ab 5942 a 

  55N – ESN 8891 a 6280 a 4487 ab 6873 a 3344 a 5362 ab 6804 a 5659 a 5963 a 

  55N – UAN 8622 a 5112 b 3733 c 5717 bc 2969 a 3963 c 6215 a 4483 bc 5102 b 

  S.E.M. 310.1 255.4 197.6 279.8 183.6 439.4 378.4 323.3 108.5 

  Pr > F 0.003 <0.001 <0.001 0.001 <0.001 0.018 0.071 0.003 <0.001 

Granular Inoculant 
Y
          

0x (liquid only) 8210 a 5037 b 4117 a 5554 c 3024 a 4440 a 6345 a 5071 a 5225 b 

1x granular 8177 a 5891 a 4362 a 5974 a-c 2944 a 4606 a 6695 a 4591 a 5405 ab 

2x granular 8471 a 6221 a 4412 a 5941 bc 2841 a 5259 a 7204 a 5098 a 5681 a 

4x granular 8520 a 6030 a 4422 a 6690 a 3057 a 4832 a 6005 a 4806 a 5545 a 

S.E.M. 310.1 255.4 197.6 279.8 183.6 439.4 378.4 323.3 108.5 

Pr > F 0.792 0.003 0.591 0.025 0.792 0.567 0.125 0.624 0.016 
          

Inoc – linear (Pr > F) 0.374 0.009 0.279 0.003 0.857 0.452 0.457 0.805 0.024 

Inoc – quad (Pr > F) 0.913 0.009 0.414 0.784 0.337 0.327 0.030 0.921 0.034 
          

All 8345 a 5794 c 4328 e 6040 bc 2966 f 4785 de 6562 b 4885 d 5463 

S.E.M. 170.8 146.4 122.1 157.2 116.5 231.1 202.3 176.8 ─ 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 10. Individual treatment means and overall F-test results for interactions between nitrogen management and inoculant rate for soybean biomass yields (mid- 
to late-season) over 8 site-years. Means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Treatment Indian Head Outlook Melfort All 

Nitrogen – Inoculant 
Z
 2015 2016 2017 2015 2017 2015 2016 2017 ─ 

 ----------------------------------------------------------------------- Above-Ground Biomass (kg/ha) ----------------------------------------------------------------------- 

0N – 0x gran 6529 3689 f 3657 de 4850 d 2265 cd 4494  5229 4593 4413 g 

Urea – 0x gran 8547 6384 a-d 4776 a-c 5745 b-d 3270 ab 4461  7055 5471 5714 b-d 

ESN – 0x gran 8908 5477 b-e 4575 a-d 6605 ab 3470 ab 5180  6978 5725 5865 a-c 

PE-UAN – 0x gran  8858 4597 ef 3460 e 5018 cd 3093 a-d 3626  6119 4495 4908 f-g 

           

0N – 1x gran 7251 5678 d-e 4409 a-e 5525 b-d 2195 d 3563  6262 3584 4808 fg 

Urea – 1x gran 8465 6492 a-c 4864 ab 6378 a-c 3190 ab 5146  7130 4839 5813 a-c 

ESN – 1x gran 8916 6401 a-d 4723 a-c 6358 bc 3718 a 5960  6750 6275 6138 ab 

PE-UAN – 1x gran  8079 4992 ef 3454 e 5638 b-d 2673 b-d 3756  6640 3666 4862 fg 

          

0N – 2x gran 8489 5323 c-e 4781 a-c 5438 b-d 2183 d 4587  6255 4978 5232 d-f 

Urea – 2x gran 8104 7038 a 4842 ab 6158 b-d 3713 a 6565  8785 5274 6310 a 

ESN – 2x gran 9211 6795 ab 4204 a-e 6680 ab 2760 b-d 5907  7357 5627 6068 a-c 

PE-UAN – 2x gran  8079 5728 a-e 3823 c-e 5488 b-d 2708 b-d 3979  6418 4692 5114 ef 

           

0N – 4x gran 7407 5851 a-e 3902 b-e 5805 b-d 2268 cd 4350  6214 3757 4944 e-g 

Urea – 4x gran 8670 6687 ab 5142 a 6380 a-c 3128 a-c 6085  5988 5381 5933 a-c 

ESN – 4x gran 8530 6448 a-d 4446 a-e 7850 a 3428 ab 4401  6132 5011 5781 a-d 

PE-UAN – 4x gran  9473 5131 de 4197 a-e 6725 ab 3405 ab 4492  5684 5077 5523 c-e 

          

S.E.M. 603.5 490.1 368.3 540.83 338.1 867.0 743.2 630.5 211.0 

Pr > F 0.065 <0.001 0.006 0.015 0.001 0.300 0.258 0.107 0.328 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 11. Main effect means, overall F-test and contrast results for nitrogen management and inoculant rate effects on soybean whole plant tissue N 
concentrations over 8 site-years. Main effect means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Main Effect Indian Head Outlook Melfort All 

2015 2016 2017 2015 2017 2015 2016 2017 ─ 

N Fertilizer 
Z
 --------------------------------------------------------------------------- Whole Plant Tissue N (% N) --------------------------------------------------------------------------- 

  Control (0N) 2.85 a 2.69 b 2.73 a 2.93 b 2.18 bc 2.74 b 2.54 b 1.54 c 2.53 b 

  55 N – urea 2.51 b 2.57 c 2.68 a 2.60 c 2.41 b 2.73 b 2.28 c 1.94 a 2.46 b 

  55N – ESN 2.53 b 2.62 bc 2.69 a 2.72 c 2.13 c 2.94 a 2.26 c 1.76 b 2.46 b 

  55N – UAN 2.79 a 2.92 a 2.70 a 3.26 a 2.77 a 3.07 a 2.71 a 1.67 bc 2.73 a 

  S.E.M. 0.063 0.063 0.148 0.078 0.103 0.073 0.066 0.070 0.031 

  Pr > F < 0.001 < 0.001 0.993 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Granular Inoculant 
Y
          

0x (liquid only) 1.89 c 1.89 b 2.67 a 1.91 c 2.41 a 2.38 c 1.95 d 1.66 a 2.10 d 

1x granular 2.81 b 2.91 a 2.66 a 2.99 b 2.28 a 2.96 b 2.41 c 1.74 a 2.59 c 

2x granular 3.01 a 2.99 a 2.67 a 3.24 a 2.31 a 3.03 ab 2.62 b 1.73 a 2.70 b 

4x granular 2.98 a 3.01 a 2.80 a 3.36 a 2.49 a 3.12 a 2.81 a 1.78 a 2.79 a 

S.E.M. 0.063 0.063 0.148 0.078 0.103 0.073 0.066 0.070 0.031 

Pr > F < 0.001 < 0.001 0.8791 < 0.001 0.371 < 0.001 < 0.001 0.326 < 0.001 
          

Inoc – linear (Pr > F) < 0.001 < 0.001 0.484 < 0.001 0.351 < 0.001 < 0.001 0.095 < 0.001 

Inoc – quad (Pr > F) < 0.001 < 0.001 0.671 < 0.001 0.146 < 0.001 < 0.001 0.617 < 0.001 
          

All 2.67 b 2.70 b 2.70 ab 2.88 a 2.37 c 2.87 a 2.45 c 1.73 d 2.55 

S.E.M. 0.054 0.054 0.086 0.059 0.068 0.057 0.055 0.056 ─ 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 12. Individual treatment means and overall F-test results for interactions between nitrogen management and inoculant rate for soybean whole plant tissue N 
concentrations over 8 site-years. Means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Treatment Indian Head Outlook Melfort All 

Nitrogen – Inoculant 
Z
 2015 2016 2017 2015 2017 2015 2016 2017 ─ 

 -------------------------------------------------------------------------- Whole Plant Tissue N (% N) -------------------------------------------------------------------------- 

0N – 0x gran 1.97 g 1.58 g 2.57 1.95 fg 1.94 g 2.23 i 1.75 i 1.33 f 1.91 f 

Urea – 0x gran 1.72 h 1.87 f 2.70 1.70 g 2.53 a-e 2.28 hi 1.93 hi 2.00 a 2.09 e 

ESN – 0x gran 1.73 h 1.78 fg 2.41 1.75 g 2.13 d-g 2.53 fgh 1.95 g-i 1.75 a-e 2.00 ef 

PE-UAN – 0x gran  2.16 g 2.33 e 3.01 2.25 f 3.03 a 2.50 ghi 2.18 fg 1.55 d-f 2.38 d 

          

0N – 1x gran 3.06 a-d 2.98 a-d 2.75 3.08 d 2.07 e-g 2.78 efg 2.50 de 1.50 ef 2.59 bc 

Urea – 1x gran 2.63 f 2.77 d 2.68 2.60 e 2.47 b-f 2.83 def 2.18 fg 1.98 ab 2.51 cd 

ESN – 1x gran 2.61 f 2.82 d 2.87 3.05 d 2.00 fg 3.03 a-e 2.15 f-h 1.88 abc 2.55 c 

PE-UAN – 1x gran  2.94 c-e 3.06 a-c 2.35 3.25 cd 2.58 a-d 3.23 ab 2.80 bc 1.60 de 2.73 b 

          

0N – 2x gran 3.23 a 3.05 a-c 2.60 3.25 cd 2.30 b-g 2.90 c-e 2.73 b-d 1.55 d-f 2.70 b 

Urea – 2x gran 2.88 c-e 2.79 d 2.67 3.10 d 2.18 c-g 2.88 c-e 2.45 e 1.88 a-c 2.60 bc 

ESN – 2x gran 2.86 de 2.98 a-d 2.96 2.93 de 2.11 d-g 3.08 a-d 2.38 ef 1.78 a-d 2.63 bc 

PE-UAN – 2x gran  3.09 a-c 3.15 a 2.43 3.70 ab 2.67 a-c 3.25 a 2.93 b 1.73 b-e 2.87 a 

            

0N – 4x gran 3.16 ab 3.13 ab 3.00 3.45 bc 2.40 b-g 3.08 a-d 3.18 a 1.80 a-d 2.90 a 

Urea – 4x gran 2.84 e 2.85 cd 2.66 3.00 d 2.47 b-f 2.95 b-e 2.55 de 1.90 ab 2.65 bc 

ESN – 4x gran 2.95 c-e 2.91 b-d 2.52 3.15 cd 2.28 c-f 3.15 a-c 2.58 c-e 1.63 c-e 2.64 bc 

PE-UAN – 4x gran  2.99 b-e 3.14 a 3.01 3.83 a 2.80 ab 3.30 a 2.93 b 1.80 a-d 2.97 a 

          

S.E.M. 0..091 0.092 0.282 0.129 0.187 0.117 0.098 0.109 0.053 

Pr > F <0.001 <0.001 0.853 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 13. Main effect means, overall F-test and contrast results for nitrogen management and inoculant rate effects on soybean mid- to late-season N uptake over 
8 site-years. Main effect means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Main Effect Indian Head Outlook Melfort All 

2015 2016 2017 2015 2017 2015 2016 2017 ─ 

N Fertilizer 
Z
 -------------------------------------------------------------------------- In-season N Uptake (kg N/ha) -------------------------------------------------------------------------- 

  Control (0N) 214.4 b 143.5 b 114.5 a 160.7 a 48.1 b 84.3 a 154.0 a 64.2 b 123.0 b 

  55 N – urea 211.8 b 172.6 a 131.4 a 163.7 a 80.2 a 85.3 a 162.8 a 102.6 a 138.8 a 

  55N – ESN 224.9 ab 166.9 a 120.5 a 187.3 a 71.8 a 88.7 a 153.8 a 99.5 a 139.2 a 

  55N – UAN 239.8 a 151.3 ab 102.5 a 188.9 a 82.7 a 92.4 a 167.4 a 75.5 b 137.6 a 

  S.E.M. 8.43 8.52 8.97 10.35 5.55 4.25 9.93 6.99 2.87 

  Pr > F 0.047 0.033 0.102 0.074 <0.001 0.144 0.669 <0.001 <0.001 

Granular Inoculant 
Y
          

0x (liquid only) 154.4 c 96.0 b 109.6 a 105.7 c 72.7 a 63.4 b 123.3 b 85.6 a 101.3 c 

1x granular 228.3 b 171.3 a 117.7 a 178.8 b 67.2 a 92.1 a 160.9 a 81.4 a 137.2 b 

2x granular 254.7 a 186.8 a 118.7 a 192.3 b 66.8 a 97.6 a 185.8 a 88.5 a 148.9 a 

4x granular 253.5 a 180.2 a 122.9 a 223.8 a 76.3 a 97.7 a 168.1 a 86.1 a 151.1 a 

S.E.M. 8.43 8.52 8.97 10.35 5.55 4.25 9.93 6.99 2.87 

Pr > F <0.001 <0.001 0.721 <0.001 0.379 <0.001 <0.001 0.877 <0.001 
          

Inoc – linear (Pr > F) <0.001 <0.001 0.289 <0.001 0.419 <0.001 0.002 0.784 <0.001 

Inoc – quad (Pr > F) <0.001 <0.001 0.712 0.001 0.121 <0.001 <0.001 0.961 <0.001 
          

All 222.7 a 158.6 c 117.2 d 175.2 b 70.7 f 87.7 e 159.5 bc 85.4 e 134.5 

S.E.M. 5.07 5.11 5.30 5.89 3.96 3.53 5.71 4.49 ─ 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 14. Individual treatment means and overall F-test results for interactions between nitrogen management and inoculant rate for soybean mid- to late-season 
N uptake over 8 site-years. Means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Treatment Indian Head Outlook Melfort All 

Nitrogen – Inoculant 
Z
 2015 2016 2017 2015 2017 2015 2016 2017 ─ 

 ------------------------------------------------------------------------- In-season N Uptake (kg N/ha) ------------------------------------------------------------------------- 

0N – 0x gran 128.2 f 58.5 e 94.1 94.8 e 43.8 f 56.7 c 91.5 f 62.7 e-g 78.8 g 

Urea – 0x gran 145.9 f 119.6 cd 126.1 99.6 e 79.4 a-c 61.7 c 133.5 d-f 108.9 ab 109.3 f 

ESN – 0x gran 153.7 ef 97.2 de 112.5 115.5 de 75.0 a-d 70.1 c 135.4 c-f 100.1 a-d 107.4 f 

PE-UAN – 0x gran  189.8 de 108.7 d 105.7 112.9 de 92.4 ab 65.1 c 133.0 ef 71.0 c-g 109.8 f 

          

0N – 1x gran 221.4 cd 169.5 ab 121.1 172.5 c 45.9 f 87.0 b 157.1 b-e 53.4 g 128.5 e 

Urea – 1x gran 222.8 cd 181.5 ab 131.5 166.2 cd 79.4 a-c 88.5 b 154.9 b-e 96.7 a-e 140.2 c-e 

ESN – 1x gran 231.6 b-d 180.3 ab 134.0 193.2 bc 75.0 a-d 95.3 ab 146.0 c-e 117.3 a 146.6 a-d 

PE-UAN – 1x gran  237.7 bc 154.1 bc 84.1 183.2 c 68.4 b-f 97.6 ab 185.6 a-d 58.3 fg 133.6 de 

           

0N – 2x gran 274.1 ab 163.3 a-c 126.2 176.1 c 49.3 ef 93.2 ab 169.0 a-e 73.5 c-g 140.6 c-e 

Urea – 2x gran 232.8 b-d 199.4 a 129.2 196.1 bc 83.4 a-c 93.1 ab 211.5 a-c 100.8 a-d 155.8 ab  

ESN – 2x gran 263.4 a-c 203.4 a 124.4 193.9 bc 60.9 c-f 98.7 ab 176.3 a-e 98.7 a-d 152.4 a-c 

PE-UAN – 2x gran  248.5 a-c 181.0 ab 95.1 203.4 a-c 73.6 a-e 105.5 a 186.3 a-c 81.2 b-g 146.8 a-d 

          

0N – 4x gran 234.1 bc 182.7 ab 116.6 199.5 bc 53.4 d-f 100.4 ab 198.3 ab 67.3 d-g 144.0 b-d 

Urea – 4x gran 245.7 a-c 189.9 ab 138.8 193.0 bc 78.7 a-c 97.8 ab 151.5 b-e 104.0 a-c 149.9 a-c 

ESN – 4x gran 251.1 a-c 186.8 ab 111.2 246.5 ab 76.5 a-d 91.0 ab 157.4 b-e 81.8 b-g 150.3 a-c 

PE-UAN – 4x gran  283.1 a 161.3 a-c 125.2 256.3 a 96.5 a 101.5 ab 165.0 a-e 91.6 a-f 160.0 a 

          

S.E.M. 15.88 16.07 17.0 19.9 9.57 6.36 19.05 12.80 5.38 

Pr > F <0.001 <0.001 0.585 <0.001 <0.001 <0.001 0.002 0.002 0.101 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 15. Main effect means, overall F-test and contrast results for nitrogen management and inoculant rate effects on soybean seed yield over 8 site-years. Main 
effect means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Main Effect Indian Head Outlook Melfort All 

2015 2016 2017 2015 2017 2015 2016 2017 ─ 

N Fertilizer 
Z
 --------------------------------------------------------------------------------- Seed Yield (kg /ha) --------------------------------------------------------------------------------- 

  Control (0N) 2627 b 2303 c 1393 b 3779 a 3499 b 3046 a 2725 a 1624 b 2625 b 

  55 N – urea 2528 c 2435 b 1691 a 3733 a 4289 a 3115 a 2327 b 1947 a 2758 a 

  55N – ESN 2578 bc 2447 b 1604 a 3834 a 4287 a 3015 a 2599 a 1920 a 2785 a 

  55N – UAN 2772 a 2585 a 1450 b 3733 a 4044 a 3004 a 2545 a 1628 b 2720 a 

  S.E.M. 55.7 53.5 59.3 82.6 130.5 85.2 83.5 83.2 29.2 

  Pr > F <0.001 <0.001 <0.001 0.688 <0.001 0.694 0.001 <0.001 <0.001 

Granular Inoculant 
Y
          

0x (liquid only) 2232 b 1749 b 1262 c 2971 c 3934 b 2670 b 2344 b 1626 b 2349 c 

1x granular 2745 a 2656 a 1563 b 3989 ab 4049 ab 3118 a 2547 a 1757 ab 2803 b 

2x granular 2746 a 2686 a 1600 b 3964 b 3786 b 3237 a 2732 a 1810 ab 2820 b 

4x granular 2781 a 2679 a 1712 a 4156 a 4350 a 3155 a 2571 a 1925 a 2916 a 

S.E.M. 55.7 53.5 59.3 82.6 130.5 85.2 83.5 83.2 29.2 

Pr > F <0.001 <0.001 <0.001 <0.001 0.010 <0.001 0.002 0.023 <0.001 
          

Inoc – linear (Pr > F) <0.001 <0.001 <0.001 <0.001 0.024 <0.001 0.028 0.003 <0.001 

Inoc – quad (Pr > F) <0.001 <0.001 <0.001 <0.001 0.065 <0.001 0.001 0.600 <0.001 
          

All 2626 d 2443 e 1534 g 3770 b 4030 a 3045 c 2549 de 1780 f 2722 

S.E.M. 48.5 47.9 49.6 57.3 76.3 58.3 57.6 57.5 ─ 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 16. Individual treatment means and overall F-test results for interactions between nitrogen management and inoculant rate for soybean seed yield over 8 
site-years. Means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Treatment Indian Head Outlook Melfort All 

Nitrogen – Inoculant 
Z
 2015 2016 2017 2015 2017 2015 2016 2017 ─ 

 -------------------------------------------------------------------------------- Seed Yield (kg /ha) -------------------------------------------------------------------------------- 

0N – 0x gran 2170 g 1298 e 821 f 2858 c 2983 f 2574 f 2412 c-e 1300 e 2052 e 

Urea – 0x gran 2185 g 1847 d 1561 b-d 2787 c 4538 ab 2711 d-f 2161 e 1865 a-c 2457 d 

ESN – 0x gran 2048 g 1743 d 1554 b-d 3183 b 4196 a-d 2761 c-f 2342 c-e 1901 ab 2466 d 

PE-UAN – 0x gran  2527 f 2111 c 1111 e 3055 bc 4018 a-e 2635 ef 2462 c-e 1438 de 2420 d 

             

0N – 1x gran 2792 b-d 2613 b 1440 d 4134 a 3779 c-e 3131 a-c 2725 a-c 1629 b-e 2780 bc 

Urea – 1x gran 2613 ef 2607 b 1639 a-d 3891 a 4002 a-e 3160 a-c 2377 c-e 1914 ab 2775 c 

ESN – 1x gran 2745 b-e 2667 ab 1612 a-d 4004 a 4343 a-c 3151 a-c 2549 cd 1981 ab 2881 a-c 

PE-UAN – 1x gran  2832 a-c 2737 ab 1562 b-d 3926 a 4070 a-e 3029 a-e 2538 c-e 1505 c-e 2775 c 

          

0N – 2x gran 2850 ab 2656 ab 1555 a-c 3948 a 3425 ef 3202 ab 3060 a 1634 b-e 2791 bc 

Urea – 2x gran 2667 c-f 2616 b 1746 b-d 4015 a 4190 a-d 3255 ab 2274 de 1881 a-c 2831 bc 

ESN – 2x gran 2709 b-e 2698 ab 1557 cd  3998 a 3942 b-e 3224 ab 2956 ab 1965 ab 2881 a-c 

PE-UAN – 2x gran  2757 b-e 2773 a 1543 cd 3893 a 3589 d-f 3265 ab 2640 b-d 1761 a-d 2778 c 

          

0N – 4x gran 2696 b-f 2644 ab 1757 ab 4176 a 3810 c-e 3277 ab 2703 a-c 1934 ab 2875 a-c 

Urea – 4x gran 2648 d-f 2671 ab 1817 a 4237 a 4426 a-c 3333 a 2496 c-e 2126 a 2969 a 

ESN – 4x gran 2810 a-d 2681 ab 1692 a-c 4153 a 4667 a 2923 b-f 2548 c-e 1832 a-c 2913 ab 

PE-UAN – 4x gran  2970 a 2721 ab 1582 b-d 4059 a 4499 ab 3086 a-d 2538 c-e 1809 a-d 2908 a-c 

          

S.E.M. 77.9 71.7 88.1 144.8 248.1 150.7 146.8 146.2 51.1 

Pr > F <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 17.  Main effect means, overall F-test and contrast results for nitrogen management and inoculant rate effects on soybean seed N concentrations over 8 site-
years. Main effect means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Main Effect Indian Head Outlook Melfort All 

2015 2016 2017 2015 2017 2015 2016 2017 ─ 

N Fertilizer 
Z
 -------------------------------------------------------------------------------------- Seed N (%) -------------------------------------------------------------------------------------- 

  Control (0N) 5.94 a 5.63 b 5.65 a 5.84 a 5.96 a 6.29 a 6.40 a 4.59 a 5.79 a 

  55 N – urea 5.67 c 5.59 bc 5.62 a 5.80 a 6.08 a 6.23 a 6.20 b 4.59 a 5.72 bc 

  55N – ESN 5.68 c 5.56 c 5.61 a 5.82 a 5.95 a 6.28 a 6.20 b 4.48 a 5.70 c 

  55N – UAN 5.82 b 5.77 a 5.67 a 5.84 a 6.03 a 6.28 a 6.34 a 4.47 a 5.78 ab 

  S.E.M. 0.028 0.028 0.150 0.029 0.051 0.065 0.038 0.069 0.024 

  Pr > F <0.001 <0.001 0.993 0.408 0.196 0.857 <0.001 0.410 0.016 

Granular Inoculant 
Y
          

0x (liquid only) 5.05 c 4.68 d 5.61 a 5.45 c 6.06 a 5.98 b 5.82 d 4.40 b 5.38 c 

1x granular 5.93 b 5.90 c 5.58 a 5.92 b 6.02 a 6.34 a 6.29 c 4.51 ab 5.81 b 

2x granular 6.06 a 5.96 b 5.62 a 5.95 ab 6.01 a 6.39 a 6.45 b 4.58 ab 5.87 ab 

4x granular 6.07 a 6.01 a 5.74 a 5.98 a 5.94 a 6.38 a 6.58 a 4.65 a 5.93 a 

S.E.M. 0.028 0.028 0.150 0.029 0.051 0.065 0.038 0.069 0.024 

Pr > F <0.001 <0.001 0.876 <0.001 0.315 <0.001 <0.001 0.052 <0.001 
          

Inoc – linear (Pr > F) <0.001 <0.001 0.473 <0.001 0.418 <0.001 <0.001 0.007 <0.001 

Inoc – quad (Pr > F) <0.001 <0.001 0.691 <0.001 0.127 <0.001 <0.001 0.494 <0.001 
          

All 5.78 cd 5.64 e 5.64 de 5.83 c 6.00 b 6.27 a 6.28 a 4.53 f 5.75 

S.E.M. 0.023 0.023 0.077 0.024 0.032 0.037 0.026 0.039 ─ 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 18. Individual treatment means and overall F-test results for interactions between nitrogen management and inoculant rate for soybean seed N 
concentrations over 8 site-years. Means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Treatment Indian Head Outlook Melfort All 

Nitrogen – Inoculant 
Z
 2015 2016 2017 2015 2017 2015 2016 2017 ─ 

 ------------------------------------------------------------------------------------- Seed N (%) ------------------------------------------------------------------------------------- 

0N – 0x gran 5.23 e 4.55 i 5.58 5.53 b 6.05 6.03 c-e 5.94 g 4.36 5.41 ef 

Urea – 0x gran 4.90 f 4.69 h 5.61 5.33 c 6.06 5.95 de 5.64 h 4.53 5.34 fg 

ESN – 0x gran 4.90 f 4.47 i 5.27 5.43 bc 6.03 5.85 e 5.69 h 4.47 5.26 g 

PE-UAN – 0x gran  5.19 e 5.02 g 5.99 5.53 b 6.10 6.08 b-e 6.03 g 4.25 5.52 e 

           

0N – 1x gran 6.16 ab 5.91 d-f 5.65 5.95 a 5.88 6.43 ab 6.40 b-d 4.52 5.86 b-d 

Urea – 1x gran 5.78 d 5.83 f 5.56 5.90 a 6.13 6.33 a-c 6.24 de 4.63 5.80 cd 

ESN – 1x gran 5.79 d 5.91 d-f 5.84 5.93 a 6.05 6.38 ab 6.21 e 4.51 5.83 b-d 

PE-UAN – 1x gran  6.01 c 5.97 b-d 5.26 5.90 a 6.01 6.25 a-d 6.31 c-e 4.37 5.76 d 

          

0N – 2x gran 6.17 ab 6.03 a-c 5.39 5.93 a 5.96 6.48 a 6.50 b 4.57 5.88 b-d 

Urea – 2x gran 5.98 c 5.86 ef 5.63 5.98 a 6.05 6.35 a-c 6.41 bc 4.55 5.85 b-d 

ESN – 2x gran 6.00 c 5.93 c-f 6.01 5.93 a 5.77 6.38 ab 6.37 b-f 4.51 5.86 b-d 

PE-UAN – 2x gran  6.07 bc 6.02 a-c 5.45 5.98 a 5.96 6.35 a-c 6.50 b 4.68 5.88 b-d 

          

0N – 4x gran 6.20 a 6.04 ab 5.99 5.98 a 5.97 6.25 a-d 6.75 a 4.92 6.01 a 

Urea – 4x gran 6.03 c 5.97 b-d 5.67 6.00 a 6.07 6.28 a-d 6.53 b 4.65 5.90 a-c 

ESN – 4x gran 6.03 c 5.94 c-e 5.34 6.00 a 5.96 6.53 a 6.53 b 4.45 5.85 b-d 

PE-UAN – 4x gran  6.04 c 6.09 a 5.97 5.95 a 6.04 6.45 a 6.52 b 4.60 5.95 ab 

          

S.E.M. 0.043 0.042 0.298 0.046 0.096 0.0123 0.066 0.134 0.047 

Pr > F <0.001 <0.001 0.723 <0.001 0.558 0.001 <0.001 0.179 0.065 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 19. Main effect means, overall F-test and contrast results for nitrogen management and inoculant rate effects on soybean N exports (in harvested seed) over 
8 site-years. Main effect means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Main Effect Indian Head Outlook Melfort All 

2015 2016 2017 2015 2017 2015 2016 2017 ─ 

N Fertilizer 
Z
 -------------------------------------------------------------------------------- N Exports (kg N/ha) -------------------------------------------------------------------------------- 

  Control (0N) 157.0 a 130.2 a 79.3 c 222.3 a 209.1 b 193.1 a 174.7 a 75.4 bc 155.1 a 

  55 N – urea 144.4 b 139.4 a 95.0 a 217.9 a 260.6 a 194.2 a 144.6 c 90.2 a 160.8 a 

  55N – ESN 147.8 b 122.6 a 89.8 ab 224.5 a 255.2 a 189.2 a 161.6 b 86.3 ab 159.6 a 

  55N – UAN 161.9 a 131.5 a 82.2 bc 218.3 a 243.9 a 188.7 a 161.4 b 73.4 c 157.7 a 

  S.E.M. 2.96 7.75 4.08 4.77 8.20 5.46 4.96 4.54 1.98 

  Pr > F <0.001 0.465 0.007 0.646 <0.001 0.827 <0.001 0.007 0.146 

Granular Inoculant 
Y
          

0x (liquid only) 113.0 b  99.0 b 70.3 c 162.0 c 238.3 b 159.6 b 136.8 c 72.4 b 131.4 c 

1x granular 163.0 a 151.0 a 87.6 b 235.7 b 244.2 ab 198.4 a 160.3 b 79.7 ab 165.1 b 

2x granular 166.3 a 141.0 a 90.1 ab 236.4 b 224.9 b 206.2 a 176.1 a 83.2 a 165.4 b 

4x granular 168.8 a 132.7 a 98.3 a 248.8 a 261.4 a 201.0 a 169.1 ab 90.0 a 171.3 a 

S.E.M. 2.96 7.75 4.08 4.77 8.20 5.46 4.96 4.54 1.98 

Pr > F <0.001 <0.001 <0.001 <0.001 0.013 <0.001 <0.001 0.021 <0.001 
          

Inoc – linear (Pr > F) <0.001 0.033 <0.001 <0.001 0.060 <0.001 <0.001 0.002 <0.001 

Inoc – quad (Pr > F) <0.001 <0.001 0.045 <0.001 0.043 <0.001 <0.001 0.586 <0.001 
          

All 152.8 d 130.9 e 86.6 f 220.7 b 242.2 a 191.3 c 160.6 d 81.3 f 158.3 

S.E.M. 2.32 4.27 2.71 2.98 4.47 3.26 3.06 2.89 ─ 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 20. Individual treatment means and overall F-test results for interactions between nitrogen management and inoculant rate for soybean N exports (in 
harvested seed) over 8 site-years. Means within a column followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Treatment Indian Head Outlook Melfort All 

Nitrogen – Inoculant 
Z
 2015 2016 2017 2015 2017 2015 2016 2017 ─ 

 ------------------------------------------------------------------------------- N Exports (kg N/ha) ------------------------------------------------------------------------------- 

0N – 0x gran 113.4 g 87.2 d 46.1 e 157.8 cd 180.4 f 155.1 c 143.3 e-g 57.4 e 117.6 d 

Urea – 0x gran 107.3 gh 114.6 a-d 86.9 a-c 148.3 d 275.0 a 161.4 bc 121.9 g 85.3 a-c 137.6 c 

ESN – 0x gran 100.4 h 94.0 d 81.6 cd 173.1 c 252.8 a-d 160.8 c 133.5 fg 85.2 a-c 135.2 c 

PE-UAN – 0x gran  131.0 f 100.3 cd 66.7 d 168.7 cd 245.2 a-e 161.0 bc 148.6 d-f 61.6 de 135.4 c 

          

0N – 1x gran 172.0 a-c 153.3 a 81.6 cd 246.8 ab 223.4 c-f 204.4 a 174.3 a-c 73.8 b-e 166.2 ab 

Urea – 1x gran 151.1 e 146.1 ab 91.5 a-c 229.7 b 245.5 a-e 199.6 a 148.4 d-f 89.6 ab 162.7 b 

ESN – 1x gran 158.8 de 155.6 a 94.2 a-c 237.5 ab 262.9 a-c 201.0 a 158.5 c-f 89.6 ab 169.8 ab 

PE-UAN – 1x gran  170.1 a-d 149.0 ab 83.1 cd 231.7 ab 245.0 a-e 188.7 ab 160.1 c-e 65.8 c-e 161.7 b 

          

0N – 2x gran 175.8 ab 150.2 ab 84.3 b-d 234.6 ab 205.1 ef 206.8 a 198.8 a 74.9 b-e 166.3 ab 

Urea – 2x gran 159.5 de 147.7 ab 98.4 a-c 239.4 ab 253.5 a-d 206.2 a 145.5 e-g 86.4 a-c 167.1 ab 

ESN – 2x gran 162.6 c-e 110.4 b-d 93.6 a-c 237.8 ab 227.1 b-e 205.0 a 188.3 ab 88.7 ab 164.2 b 

PE-UAN – 2x gran  167.4 b-d 155.7 a 84.2 b-d 231.2 ab 213.9 d-f 206.8 a 171.7 b-d 82.8 a-d 164.2 b 

          

0N – 4x gran 167.0 a-d 130.0 a-c 105.4 a 249.9 ab 227.4 b-e 206.3 a 182.3 a-c 95.3 ab 170.4 ab 

Urea – 4x gran 159.8 de 149.4 ab 103.2 ab 254.1 a 268.6 ab 209.5 a 162.7 c-e 99.6 a 175.8 a 

ESN – 4x gran 169.4 a-d 130.3 a-c 89.8 a-c 249.6 ab 278.2 a 190.1 a 166.3 b-e 81.7 a-d 169.4 ab 

PE-UAN – 4x gran  179.3 a 121.1 a-d 94.7 a-c 241.7 ab 271.6 a 198.4 a 165.3 b-e 83.6 a-d 169.5 ab 

          

S.E.M. 4.71 15.09 7.33 8.85 16.00 10.22 9.26 8.36 3.75 

Pr > F <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 0.009 0.026 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Outlook 2016 

Table 21. Main effect means, overall F-test and contrast results for nitrogen management and inoculant rate effects for selected variables at Outlook in 2016. This 
site-year was analyzed separately due to the more extensive history of soybeans compared to the other sites. Main effect means within a column followed by the 
same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

 Emergence  Biomass  Tissue N N Uptake Seed Yield Seed N N Exports 

N Fertilizer 
Z
 ---- plants/m

2
 ---- ------- kg/ha ------- -------- % N -------- ----- kg N/ha ----- ------- kg/ha ------- -------- % N -------- ------- kg/ha ------- 

  Control (0N) 52.9 a 2522 a 3.25 b 81.7 a 4551 a 5.98 a 272.2 a 

  55 N – urea 52.8 a 2532 a 3.31 ab 83.6 a 4621 a 5.99 a 276.1 a 

  55N – ESN 52.9 a 2640 a 3.23 b 84.9 a 4387 a 5.98 a 262.0 a 

  55N – UAN 52.6 a 2516 a 3.41 a 85.3 a 4512 a 5.97 a 268.8 a 

  S.E.M. 3.05 196.6 0.063 6.60 116.4 0.011 6.99 

Granular Inoculant 
Y
        

0x (liquid only) 53.0 a 2815 a 3.18 c 89.8 a 4352 a 5.99 a 260.1 a 

1x granular 52.5 a 2576 a 3.43 a 87.6 a 4586 a 5.96 a 273.3 a 

2x granular 53.2 a 2385 a 3.32 ab 78.6 a 4540 a 5.98 a 271.2 a 

4x granular 52.5 a 2434 a 3.28 bc 79.5 a 4594 a 5.99 a 274.6 a 

S.E.M. 3.05 196.6 0.063 6.60 116.4 0.011 6.99 

 ----------------------------------------------------------------------------------------- Pr > F ----------------------------------------------------------------------------------------- 

Nitrogen (N) 0.992 0.905 0.033 0.949 0.166 0.388 0.153 

 Inoculant (I) 0.893 0.127 0.006 0.251 0.085 0.076 0.094 

N × I 0.177 0.136 0.586 0.257 0.632 0.375 0.557 

Inoc – linear (Pr > F) 0.773 0.058 0.654 0.091 0.063 0.254 0.056 

Inoc – quad (Pr > F) 0.859 0.148 0.008 0.433 0.186 0.121 0.214 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 
YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing) 
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Table 22. Individual treatment means and overall F-test results for interactions between nitrogen management and inoculant rate for selected variables at 
Outlook in 2016. This site-year was analyzed separately due to the more extensive history of soybeans compared to the other sites. Means within a column 
followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Nitrogen – Inoculant 
Z
 Emergence  Biomass  Tissue N N Uptake Seed Yield Seed N N Exports 

 ---- plants/m
2
 ---- ------- kg/ha ------- -------- % N -------- ----- kg N/ha ----- ------- kg/ha ------- -------- % N -------- ------- kg/ha ------- 

0N – 0x gran 54.7 2875 3.13 90.4 4292 5.95 255.1 

Urea – 0x gran 51.0 2324 3.23 75.2 4524 6.03 271.7 

ESN – 0x gran 52.7 3411 3.13 108.1 4377 6.00 261.9 

PE-UAN – 0x gran  53.7 2650 3.25 85.7 4215 5.98 251.7 

        

0N – 1x gran 54.6 2615 3.38 87.6 4612 5.98 275.9 

Urea – 1x gran 52.9 2635 3.40 89.5 4782 5.98 285.4 

ESN – 1x gran 52.6 2606 3.25 84.3 4275 5.95 254.9 

PE-UAN – 1x gran  49.9 2450 3.68 89.2 4674 5.93 276.9 

        

0N – 2x gran 50.8 2635 3.20 84.4 4715 6.00 282.8 

Urea – 2x gran 55.2 2408 3.30 78.3 4510 5.98 268.4 

ESN – 2x gran 52.4 2148 3.35 71.7 4440 5.98 265.5 

PE-UAN – 2x gran  54.5 2348 3.43 79.9 4494 5.98 268.0 

        

0N – 4x gran 51.6 1962 3.30 64.3 4586 6.00 274.9 

Urea – 4x gran 51.9 2759 3.33 91.6 4669 6.00 279.0 

ESN – 4x gran 54.1 2397 3.18 75.5 4455 5.98 265.9 

PE-UAN – 4x gran  52.5 2618 3.30 86.6 4665 6.00 278.7 

        

S.E.M. 3.34 307.4 0.102 10.58 172.9 0.021 10.34 

Pr > F 0.177 0.136 0.586 0.257 0.632 0.375 0.557 
Z N = kg N ha-1; urea and ESN side-banded at seeding; UAN surface dribble banded at R2-R3 growth stage 

YAll seed treated with liquid inoculant; Cell-Tech® granular soybean inoculant applied in-furrow as per protocol with rates based on label recommendations (adjusted for row spacing)
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