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hesponse of Annual Crops to Different Sources, Times, and Methods 

of Applying Nitrogen Fertilizer 

K.S. McGill 
Dep~tment of Soil Science 
University ~f Saskatchewan 

Sab,kn.toon, Sasl<, 

INTRODUCTION 

In. recent y~ars, numerous research projects have been con-. ' 

ducted by various agencies in Wastern Canada evaluating crop 

responses to different rates, carriers, methods, and times of 

applying fertilizer nitrogen. Restilts of these experiments have 

b~en reasonably cortclusive to the fact that yields of most stubble 

seeded crops, in general, and to a certain extent fallow seeded' 

crops are often limited by the amounts of available nitrogen 

present in the sojl, Hence good responsesto applied fertilizer 

nitrogt-)n are attainable. Few definite statements can be ma~e, 

however, regarding the rel~tive efficiency of diff~rent nitrogen 

carrjers and methods, and t.imes of nitrogen application, since 

experimental results relating to these factors have been, in many 

cases, inconsistent and afton contradictory. Such observatioris 

tend to indicate that the~ relative efficimcies of different fer-

tilizer applicatjons are determined not only by specjfic soil 

properties, but also by the type of crop and by environmental con-

djtions pre•ent during a gi~en growing s~ason. For example, 

conclusions drawn in a review (completed in 1973) of available 

research data comparing the responses of annual crops to urea and 

ammonium nitrate stated that ovor a number of years and over a 

number of different soil types, average yields were similar from 

both carriarf:l ~~hen broadcast en when bl'Oadcast and incorporatt:<d (2). 

Included in these averages, howevar, were results from certain 

trials in which fairly large dil.'ferences bc.;~tween the ct.J.rrjers were 

apparf)J1t. Similarly, with regard to the question of nitrogen 

placement, while it is often thought that side banding is a more 

effective application technique thrm broadca.sting 1 and that seed 

placement is effc:ctive only at low rates, ;~esultR from !:iO<•;f; trials 

in son1e yoars arc not Jn a.gr-t~fdnE~,1~·. witi1 these thOUght.s (3, G). 

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan



~ 186 ~ 

At present, relatively little data is available from the 

Canadian prairies comparing spring and fall nitrogen application. 

Results from a number of trials conducted in Manitoba between 

1967 and 1974 indicate that fall application is, at best, equal 

to spring application for cereal crops (4). Differences have 

been noted that can be related to geographic features in that 

fall applications on the average have been less effective than 

corresponding spring applications in the Manitoba lowlands, while 

on the Manitoba uplands, average responses. from spring and fall 

applications have been similar. Results from Alberta in 1974 

indicated that, in three out of four trials, yields were consis

tently larger from spring-applied nitrogen than from fall-applied 

nitrogen, and in the fourth trial, differences between application 

times were small (1). Differences between fall and spring 

applications varied considerably with different nitrogen sources. 

In the fall of 1973, a research program was initiatP-d to 

determine, under Saskatchewan conditions, whether: 

a) differences do exist between i) organic urea nitrogen and 

inorganic ammonium and nitrate-nitrogen; ii) broadcast, side

banded and seed placed nitrogen fertilizers, and iii) fall and 

spring fertilizer applications; 

b) if differences de exist, whether these differences could be 

related to specific soil and climatic conditions such that 

reasonable recommendations could be made as to soils and areas 

in Saskatchewan where certain nitrogen fertilization practices 

should be followed. 

This report presents results obtained from fie~d experiments 

conducted during the initial year of the project, 1973-74. 
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:W.PERIMENTAL METHODS 

In the fall of 1973, six sites were selected fo~ the estab

lishment of field trials. Two sites were on Dnrk Brown soils 

(Elstow and Weybur'n), three sites were on Black soils (Hoey, 

Naicam, Yorkton), and one site was on a Grey Wooded soil (Waitville). 

The Woyburn, Yorkton and W~itville sites represent three soils of 

glacial till origin, occurring in different soil zrines, The Elstow, 

Hoey and Naicam soil sites represent,respectively, silty lacustrinej 

modified silty clay lacustrine, and resorted glacial till parent 

materials. Results of analyses of soil samples taken at the ti~e 

of plot establishment (fall, 1973) are presents in Table 1. Nitrate

nit~ogen contents of the soils at all but one site were in the low 

and very low category. The Yorkton soil site, which had already 

grown four c r o p s , co n t a i n e d co n s i de r a b 1 e q u a ntl. t i e s o f NO 3 - N i n the · 

second foot, the presence of which was verified by sampling at 

spring seeding time. All but the grey-wooded soil were low in 

available P. 

At each site, small plots of randp~ized complete.block design 

were established containing fifteen treatments replicated six times. 

Treatments included (Table 2), .aside from the chec,k, two nitrogen 

carriers (urea and ammonium-nitrate) applied ~t 2 rates (50 and 

100 lbs N/acre) in the fall and at 5 rates (25, 50, 75, 100 and 

150 lbs N/acre) in the spring. One s i t e , t h e N a i c am s o i 1 s i t e , 

was chosen to be the "central site", where beyond the 15 basic 

treatments, additional treatments involving sidebandirrg and seed 

placement of both carriers at the five spring application rates 

were includGd. Here, also, three separate plots were established 

adjacent to each other to allow for investigation into the relative 

responses of three different annual crops. 

In the late fail of 1973~ the nitrogen was applied to .the 

fall treatments at all sites (Table 3). At all locations except 

the Hoey soil site, nitrogen was broadca~t during snowfall or 

after one or more inches of snow covered the ground. Due to this 
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fact, at none of the sites was the fertilizer incorporated'until 
I 

normal spring tillage operations were perfor~ed. At seeding time, 

all plots were worked, seeded, and broadcast nitrogen was applied 

after seeding. Bonanza barley was seeded at all sites with the 

additional two plots at the Naicam site being seeded to Neepawa 

wheat and MidQs rapeseed. All crops except rapeseed received a 

blanket application of 40 lb P 2 0 5 /acre seed placed as mono-ammonium 

phosphate (11-55-0); rapeseed similarly received phosphate at a 

rate of 30 lb P 205/acre. All sites were seeded abnormally late 

(Table 3) due to the extremely wet and cool spring conditions. 

A pre-seeding application of triallate (Avadex-BW) for wild 

oat control was applied and incorporated on all barley plots, 

while the rapeseed plot received a pre-seeding application of 

Treflan. Wild oats were successfully controlled ·at all sites. 

As required, the barley plots received post-emergent spray applica

tions in the form of Buctril-M, or MCPA and TCA. The wheat and 

rapeseed plots on the Naicam soil were respectively s~rayed with 
'~ ' Bactrel M, and TOK/RM mixed with TCA. Weed control at most plots 

was fairly good. Only slight problems were encountered with green 

foxtail, since this weed is hard to control in barley with the 

rate of TCA allowable. 

Between seeding and harvest, most plot::. received reasonable 

amounts of rainfall (Table 3). The Hoey sit~, however 1 received 

a fairly large amount of total rainfall, while the Naicam site 

received a relatively small amount. As a result of extremely late 

seeding, crops on both the Yorkton and Waitville plots were affected 

by early frosts. The barley on the Waitville site, in particular, 

was.far from mature when the killing frost arrived, and as a result, 

most heads had not completely filled. 

Harvest samples were taken from all pl~ts. These samples were 

air dried, weighed, threshe,d, cleaned and yields calculated. Grain 

and straw samples were retained from all treatments at all sites 

(replicates bulked) and ground for protein and nitrogen analysis. 
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·Included in each of the plots at all locations was aismall 

sub-plot in which 15N enriched fertiliz~r materials were uiilized 

t6allow for detailed uptake and ballance measurements to be made. 

Th e sub - p l o t con s i s t e d o f 2 4 e i g h teen - i n c h l c n g , s i x- i n c h d i am e t e r 

cylinders driven into the ground .. These cylinders ~epresented six 

treatments replicated four times. 

1) Urea- 15N fall app~ied 

2) l5NH4N03 

3) NH415NQ3 

4) Urea l5N 

5) 15NH4N03 

6) NH4 l5N03 

fall applied 

fall applied 

spring app 1 ied 

s p r in g ap p 1 i e d 

spring applied 

Treatments included: 

Each of the fertilizers were applied at the same time as 

nitrogen was applied on the large plots. The cylinders w~re 

"hand worked" and seeded in spring. At harvest, all above-ground 

plant material was taken from each cjlinder, dried, weighed, 
15 

threshed, ground and retained for total N and N measurements. 

The cylinders were dug up (frozen until procr:ssed) and the soil 

was remov-ed in six-inch increments, weighed, dried, and sub-,sampled 

in preparation for total nitrogen rod l5N analyses. Results from 

these suh-plots are not presented in this prAliminary report, as 

all the detailed analyses have yet to be completed. These results, 

however, should. give a clear indication of the uptake by barley of 

the different fqrms of nitrogen and also aid in evalU:a.ting n.itrogen 

losses from the ~different sources and different application times. ,, 

\ 

Yield results for the various plots are givert in Tables 4, 5, 

6 and 7. Results in Table 6 for the Grey Wooded Waitville soil 

site are given in terms of cwt/acre total dry matter yield, as well 

as bu/acre grain yield, since the crop yields were severely affected 

by frost and, hence, total weight is probably a better indication 

of response. 
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Good responsm to applied nitrogeti were obtained on t~e two 

Dark Brown soil sites where maximum barley yields of slightly 

greater than 50 bu/acre were obtained at both locations (Table 4). 

The relatively larger yield increases obtained on the Elstow site 

probably are due to the initial lower N03 -N control of the soil 

(which may in part reflect its nitrogen supplying power with the 

organic matter content being very low), since rainfall at the two 

sites was similar. Of the three Black soils, the Hooy site f~r 

out-yielded either of the remaining two sites. Here , barley 

yields doubled from around 42 bu/acre to well over 80 bu/acre 

(Table 5) with added nitrogen, in spite of the fact that this soil 

was initially low in N03 ~N. Such yields are probably the result 

of the high growing season rainfall (13.9 inJ and favorable 

climate, as well as the high nitrogen supplying power of the soils 

indicated by the high organic matter content. The relatively poor 

response obtained on the Yorkton soil is probably due to the large 

amounts of nitrate present in the second foot of soil. However, 

the low overall total yield is not fully eiplainable. Rainfall was 

adequate during the growing season, however, fall frost may have 

reduced yields somewhat. The conductivity evident in the fall ~oil 

samples was not apparent until the 3'ft. depth. in the spring ·samples. 
; . 

<---, Th i s f a c t o r m a y h ave c on t r i b u t e d to r e d u c e d y i e l d p o t en-

ti al. The low yields and restricted responses to applied nitrogen 

of all crops on the Naicam sight (Table 7) was undoubtedly due to 

the low rainfall obtained during the summer. Although grain yields 

on the Grey Wooded Waitville soil site were extremely low, due to 

frost damage, some response to applied nitrogen was evident. This 

response was quite apparent in the total yield data, and assuming 

that a grain/ straw ratio would have been slmilar on this site to 

that obtained on the other si~es, yields should have ranged from 

around 25 bu/acre in the check to well over 50 bu/acre at higher 

nitrogen application rates. 
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I 

There is ery little indication in the data obtained as to 

any large consi.tent y~eld differences due to the two different 

nitrogen carrie s. Onl most plots, differences were generally low, 
i 

variable, and s atisti~ally not significant. The only indication 

of any differen es wasl on the Hoey site ~here, at all but one application 

rate, yields fr4m ammo~ium nitrate wore slightly (1.5-to 6.5 

bu/ucro) higher than those from utea. 

Results with regard to differences arising from the two 

application times are quite small and variable. Data from the 

two Dark Brown soils clearly indicate th~t fall-appl)ed ammonium 

.nitrate is at least equal to spring-appl~ed, whilo with urea 

there is a slight ind~cation that fall-applied urea may have been 

slightly less effective when soil nitrate is low (Elstow soil) or 

low rates of nitrogen are applied. On the Hoey site, yields from 

fall-applied nitrogen were, in all cases, lower than those from 

the spring application (between three and eight bu/acre). Here 

nitrogen-supplying power was probably pushed to the limit, since 

climate was so favorable, and when sources were less available 

it was reflected ~n a.lower yield. No ,differences were noted in 

the Yorkton soil. On the Naicam soil, in spite of the fact that 

both yields and response to nitrogen were low, fall-applied nitrogen 

produced barley yields that were lower than those from the spring 

application. For whe~t, only at the higher rate did spring nitrogen 

outyiel.d fall·-applied nitrogen, while for rapeseed, spring-

applied urea outyielded slightly fall-applie~ urea. Data from 

the Grey Wooded Waitville site indicate that a slightly more 

tavbrable response ~as obtained from spring broadca~t nitrogen, 

particularly at the 100 lb N/acre rate. 

Data from tho three trials on the Naica~ soil comparing 

different ~cthods of applying nitrogen show no gre~t yield differenc~s 

betw<•en broadcast and sideband nitrogen. Seed-placed urea nitrogen 

definitely reduced crop yields at higher application rates, while 

seed-placed ammonium-nitrate only appeared to seriously reduce 

the yields of rapeseed, It is apparent that the relative crop 

tolerarice to seed-placed nitrogen fell in the order - barl~y, wheat, 

and rapeseed. 
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CO:--lCLUSIONS 

Results from trials on six different soil types in 1974 

showed no large differences between spring broadcast ammonium-

nitrate and urea. Small differences in favor of ammonium-nitrate 

were apparent in data from a Deep Black Hoey soil, where growing 

season rainfall was high. 

Differences, where they occurred, between spring and fall 

applied nitrogen were generally small. The largest difference, 

between 3 and 10 bu/acre ~f barley, were found in two Deep Black 

soils - a Hocy and a Naicam. Climatic conditions, in termR of 

rainfall, were quite different, with the Naicam site being dry 

through the growing season, while the Hoey site was quite wet. 

Broadcast and sideband nitrogen applications produced 

similar yields of barley, wheat and rapeseed on one soil type, 

while seed placed, ~articularly in the urea form, reduced yields 

at varying nitrogen application rates. 

Considerably More data regarding uptake and losses of 

specific forms of s~ring and fall applied nitrogen using 15N tech

niques are pending, and these results should aid considerably in 

i n t e r p r e t i n g the o v •';! r a l l r e l at i v e e f f i c i en c i e s o f r e c over y • 

Since one year's data is insufficient to draw definite con-

elusions, ten plots have been established for seeding in 1975. 

Climatic conditions in the fall of 1974 were quite different from 

those encountered in 1973, hence responses to fall-applied 

nitrogen may be quite different. 

DISCUSSION 

Question: What type of nitrogen was used - Frills or Granules? 

Answer: Granular form. 

Question: Did high levels of nitrogen lengthen maturity and 
cause resulting frost damage? 

Answer: No high nitrogen levels didn't appear to lengthen maturity. 
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Table 1. Characteristics of Soils from Sites Selected 

for 1974 Nitrogen Fertilizer Studies] 

Soil Type/ 
Texture 

Elstow:SiCl 
Dark Brown 

Weyburn:l 
Dark Brown 

Hoey:SiCl 
Thick Black 

Naicam: l 
Thick. Black 

Yorkton:l 
Thick Black 

Waitville:l 

Nutrient Depth 
(in) 0 .M. N0 3 -N 

0- 6 2.7 
6-12 1.9 

12-24 

0- 6 
6-12 

12-24 

4.4 
2. 5 

0- 6 7.7 
6-12 3.8 

12-24 

0- 6 7.0 
6-12 4.2 

12-24 

0- 6 
6-12 

12-24 

6.2 
4.5 

0- 6 3.6 
6-12 1. 6 

12-24 

6 

1 
4 

11 VL 

10 
5 
6 

21 L 

9 

3 
6 

18 L 

12 
5 
4 

21 L 

13 
4 

.1.2. 
~VH 

1 

3 
2 

6 VL 

Content (lb/acre) 
p K 

5 VL2 
3 
4 

15 r; 
7 
5 

11 L 
6 

8 

14 L 
6 
8 

7 VL 
4 
4 

23 H 
11. 
20 

455 

275 
680 

865 
450 
760 

430 

265 
520 

290 
215 
630 

235 
180 
390 

27 5 
275 
530 

1 R e s u 1 t s o f s amp 1 e s t ak en i n f a 11 , 19 7 3 . 
2Nutricnt availability categories as designated by the 

Saskatchewan Soil Testing Laboratory. 

pH 

7.3 

7.5 
7.8 

7. 2 
7. 1 
7. 1 

6.5 

6.7 
7.3 

7.4 
7.5 
7.8 

7. 5 
7.5 
7.7 

7.0 
6.7 
7. 1 

Cond. 
mmho/cm 

0.4 

0,4 
0.4 

0.6 
0.6 
] . 7 

0.2 

0.2 
0.6 

0.4 
0.3 
0.3 

1.3 
2.3 
2.6 

0.2 
0.2 
0,6 

VL - very low; L - l·•w; M- medium; H - highj VH - very high. 
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Table 2. Treatments 1 included in 1974 

Nitrogen Fertilizer Trials 

Nitrogen 
Application 

(lb/acre) 

0 

25 

50 

75 

100 

150 

A.N. 

u. 
s. 
F 

-
-
-
-

Atnmonium 

Urea 

Spring 

Fall 

Nitro geri 
Sources 

A.N., u. 
A.N., u. 
A. N., u. 
A.N., u. 
A.N., u. 

Nitrate 

Time of 
Ap p 1 i. c at i o n 

s 
B, F 

s 
s, F 

s 

1At the Naicam soil site, all spring treatments 
were applied in broadcast, sideband, and seed
placed placement. At th~ remaining sites, 
treatments were broadcast only. 
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Table 3. Dates of Fall Fertilization, Spring Seeding and 

Harvest, and Amounts of Seasonal Precipitation 

for 1974 Nitrogen Fertilizer Trials 

Site 

Elstow 

Bradwell 

Fall 
Fertilization 

Nov. 1/73* 

Nov. 1/73* 

Seeding Harvest 

May 17/74 

May 31/74 Aug. 19/74 

Seasonal 
Precip. 

( j n) 

7.3 

7.4 

Hoey Oct, 30/73 June 7/74 Sept. 5/74 13.9 

Naicam 
-Barley 

-Wheat 

Nov. 1/73* 

Nov. 1/73 

-Rapeseed Nov. 1/73 

Yorkton· Oct. 31/73* 

Waitville Oct. 31/73* 

June 6/74 

June 4-5/74 

June 4/74 

June 12/74 

June 9/74 

Sept. 6/74 

Sept. 7/74 

Sept. 9/74 

Sept. 17/74 

Sept. 18/74 

*Fall fertilizer applied during or after snowfall 

8.7 

9.2 
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Table 4. Effc~ct · of Spring and Fall Broadcast NitrogE:Jn on 

Yields of Barle-y on Two Darl< Brown· Soi.ls 

Nitrogen Yield (bu/acre) 
Ap p l i c at i o n Ammonium Nitrate Urea 
(lb/acre) Spring Fall Spring Fall 

A) ELSTOW SOIL 

0 20.5 

25 31.5 32.1 

50 42.7 43.3 43.6 39.4 

75 44.9 42.6 

100 44.9 52.1 52.8 49.7. 

150 49.0 51.6 

B) WEYBURN SOIL 

0 37.9 

25 44.1 50.6 

50 51.6 55.0 47.2 45.9 

75 55.8 ·48.8 

100 51.5 51.7 52.2 53.0 

150 ·48.1 53.3 
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Table 5. Effect of Spring and Fall Broadcast Nitrogen on 

Yields of Barley on Two Black Soils 

Nitrogen Yleld (bu/acre) 
Ap p 1 i c at i o n Ammonium Nitrate Urea 

( lb/acre) Spring Fall Spring Fall 

C> HOEY SOIL 

0 42.3 

25 •61. 5 54.9 

50 172.6 66.0 73.0 65.0 

'75 79.2 7 5. 2 

100 81.7 78.8 79.6 73.0 

150 86.0 84.4 

D) YORKTON SOIL 

0 33.3 

25 37.7 37.5 

50 35. 1 36.0 39.7 38.3 

75 40.5 39.1 

100 39.2 36.2 38.3 39. 1 

150 41.8 41.0 
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Table 6. Effect of Spring and Fall Applied Nitrogen on the 

Grain and Dry Matter Yields of Barley on Waitvilie 

Grey Wooded Sbil 

Nitrogen 
Application 

(lb/ac:re) 

A> GRAIN -
0 

25 

50 

75 

100 

150 

Bu/acre 

B) TOTAL DRY MATTER 

0 

25 

50 

75 

100 

150 

Yield 
Ammonium Nitrate -· Urea 
Spring Fall Spring Fai.l 

16. 1 

21.0 21.8 

25.7 23.0 23.8 21.5 

30.7 25.8 

27.2 20.6 29.8 19.7 

25.7 27.4 

- Cwt/acre 

22.5 

30.9 29.6 

40.4 39.4 34.9 34. 5 

43.9 41.4 

42.4 39.7 44,3 38. 4. 

41.1 44.4 
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Table 7. The Effect of Different Times and Methods of Nitrogen Application 

on the Yields of Bar ley, Wheat and Rapeseed on Naicam Soil 

Yield (bu/acre) 
Nitrogen Ammonium Nitrate Urea 
Ap p l i cat ion Broad- Side- Seed Broad- Side- Seed 

(lb/acre) cast band Placed Fall cast band Placed Fall 

A) B;:LEY 
0 22.6 

25 30.6 28.8 30.0 34.5 31. l 30.1 

50 33.1 34.0 32.3 26.1 33.8 34.2 32.2 28.2 

75 36.3 39.4 34.6 38.7 38.4 31.0 

100 35.7 38.9 32.4 29.8 36.1 37.1 28.2 27.6 

150 32.1 35.1 33.1 37.2 37.0 18.6 

N 

B) "MIEAT 0 
0 

0 16.0 

25 17.3 19.5 19. 5 18.6 19.5 19.9 

50 20.3 18.3 23.3 20.6 22.0 20.4 13.8 20.0 

75 21.8 23.6 21.5 20.4 22.3 5.3 

100 20.1 23.5 23.2 18.1 24.8 24.5 7.4 20.6 

150 23.2 24.7 22.8 21.3 25.0 4.4 

C) RAPESEED 

0 6.7 

25 8,5 14.5 10.4 11.0 12.4 6.0 

50 13.7 15.9 9.1 15.1 14.6 15.1 5.8 11.8 

75 16.8 16.9 12.0 15.5 17.8 4.7 

100 17.3 16.8 8.9 16.6 18.7 16.3 5.5 15.4 

150 18.2 18.1 4.9 14.9 16.9 0 
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