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Abstract 

Two field experiments were established in 1983 to 

evaluate the effect of nitrogen (N) on corn, oats and 

soybeans grown under various tillage sytems in east central 

South Dakota. A corn-oats rotation was grown under 

moldboard plow (MP), chisel plow (CH), and no-till (NT) 

(Udic tillage systems in a Poinsett silty clay loam soil 

Haplaboroll, fine-silty, mixed). In southeast South Dakota 

a corn-soybean rotation and a continous corn rotation were 

grown under MP NT and till plant (TP) and MP CH and NT 

systems, respectively on an Egan silty clay loam soil (Udic 

Haplustoll fine silty mixed). Nitrogen was applied at 4 

rates (including a check) as either topdressed ammonium 

nitrate or injected urea-ammonium nitrate. Denitrification 

at the east central site in 1984 measured 11, 
-1 

16, and 25 kg 
-1 

N ha in MP, CH, and NT systems in which 112 kg N ha was 

topdressed, respectively. Rates of denitrification in the 

NT system were significantly reduced by injecting 112 kg N 
-1 

ha However, missing data prevented the difference from 

being accurately estimated. Nitrogen mineralization rates 

appeared to be higher under MP tillage than under reduced 

tillage in both years at both locations. 
-1 

This difference 

was estimated to be 24 kg N ha 

(ave of oats and corn) in 1983. 

at the east central site 

Leaching prevented accurate 

N mineralization rate caluclations at the other sites/years. 

At the Poinsett site, total N requirement of corn at optimum 
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yield was the same for different tillage systems. However, N 

required per Mg of grain was slightly lower for the MP 

system because of the slightly higher optimal yield compared 

to the reduced tillage systems. Oat yield under reduced 

tillage resulted in a slightly lower yield potential and 

slightly higher N requiremnt than under MP  tillage. Two 

unusually wet springs occurred at the southeast site which 

delayed the planting of corn. This coupled with very dry 

summers resulted in low yields in both years. The CH system 

yielded significantly less corn grain and silage in 1983 and 

significantly more silage in 1984 than other sytems in the 

continous corn rotation. Tillage method did not affect 

yield of corn in the corn-soybean rotation in either year. 

Soybean yield was significantly higher in the TP system than 

the MP and NT systems in 1983, but significantly lower than 

in to the MP system in 1984. 
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1 

INTRODUCTION 

Conservation tillage has drawn a tremendous amount 

of attention from researchers in the past 15 years. The 

U. S. D. A. estimates that 45% of U. S. cropland will be under 

no-till by the year 2000. The possibilities of increased 

yield and decreased fuel consumption are evident when using 

reduced tillage. 

Along with the possibility of increased yield, 

researchers have cited an increased N requirement of corn 

grown under reduced tillage compared to conventional 

tillage. Explanations for this increased N requirement 

include denitrification of N, decreased mineralization of 

organic matter, and increased leaching of N due to increased 

infiltration of water under reduced tillage. 

The goal of this study was to determine yield 

potential and which factor or factors was responsible for 

higher N requirements for crops grown under reduced tillage. 

Several field experiments were conducted to accomplish these 

goals. The results are reported as independent chapters. 

The specific objectives of the studies 

chapter are: 

reported i n  each 

Chapter I: 1) to construct equipment that can 

accurately measure denitri fication in the 

field and 2) measure denitrification as 

af fected by wheel traffic, N placement, and 



Chapter II. 

Chapter III. 

Chapter IV: 

2 

tillage. 

1) to compare yield potential, 

mineralization rates, and N requirements 

of corn grown in rotation with oats under 

moldboard plow (MP) , chisel plow (CH), and 

no-till (NT) systems, and 2) determine if 

soil nitrate interpretations should be 

altered for reduced tillage. 

1) to compare yield potential, 

mineralization rates, and N requirements 

of oats grown in rotation with corn under 

moldboard plow (MP), chisel plow (CH), and 

no-till (NT) systems, and 2) determine if 

soil nitrate interpretations should be 

altered for reduced tillage. 

1) to compare yield potential, 

mineralization rates, and N requirements 

of continous corn and a corn-soybean 

rotation under various tillage sytems, 

and 2) determine if soil nitrate 

interpretations should be altered 

for reduced tillage. 



3 

Chapter I 

The Effects of Tillage, N Placement, and Wheel Traffic on 
Denitrification Rates in the Corn Cycle of a Corn-Oats 

Rotation 

Abstract 

Denitrification rates under various tillage systems 

were determined in the corn cycle of a corn-oats rotation 

on a Poinsett silty clay loam soil (Udic Haploboroll, fine-

silty, mixed) . Denitrification was measured directly using a 

modification of the in-situ method developed by Ryden et al. 

The procedure was modified by placing a single 0.64-cm 

diameter acetylene supply probe 30 cm deep into the soil 

through a 7-cm diameter by 12 cm access tube in the center 

of a 38-cm diameter by 12-cm deep cylindrical soil cover. 

Concentrations of C H  beneath soil covers between 0.1 and 
2 2 

10.0% were readily and predictably established by radial 

diffusion from the supply probe. Over 94% of nitrous oxide 

(N O) released into the enclosed air space of the soil cover 
2 -1 

was recovered at an air flow rate of 21 L hr Recovery 

decreased rapidly with increased flow rates of 31 and 37 L 
-1 

hr 

Nitrous oxide effusing from the soil surface was 

contained by soil covers and sorbed on a 5A olecular sieve. 

Two soil covers were placed in non-wheel-track (NWT) areas 

and one cover was placed in a wheel-track (WT) area of 

moldboard plow (MP) , chisel plow (CH), and no-till (NT) 
-1 

plots. These plots were topdressed with 112 kg N ha as 



ammonium nitrate. 

which 112 kg N ha 

4 

An additional NT treatment was tested in 
-1 

as urea-ammonium nitrate was injected 

10-15 cm below the soil surface. Percent surface residue 

cover was used as an independent variable to indicate the 

intensity of tillage in regression analysis. Results from 

regression analysis indicated that denitrification rates in 

NWT areas but not WT areas could be reduced by injecting N 

or decreasing surface residues (increasing tillage). 

Denitrification rates from WT areas averaged 1. 4 times 

higher than from NWT areas. Cumulative N losses were 

estimated by integrating WT and NWT regression equations 
-1 

over the period June 6-27 and adding 3 kg N ha to each 

treatment to account for denitrification outside· that 

period. The calculations assumed that WT and NWT areas 

represented 15% 

Cumulative N loss 

and 85 % of the field, respectively. 
-1 

was estimated at 11, 16, and 25 kg N ha 

from May 29-Sept 8 for MP, CH, 

respectively when N was topdressed. 

and NT treatments, 

Cumulative N loss could 

not be accurately estimated for NT treatments that recieved 

injected N because of 

denitrification event. 

issing data during the peak 

Most of the cumulative N loss 

occurred over a 14 day period in id-June. Significant 

denitrification from soil near saturation did not occur in 

late May and early June due likely to low soil temperatures. 

Results suggest that denitrification in the NT system 

occurred higher in the soil profile than in CH and MP 



systems. 

Additional Index words: 

inhibit ion, N losses 

nitrous oxide, 

5 

acetylene 

Introduction 

Both actual and potential denitrification rates have 

been reported higher under no-t ill (NT) compared to 

conventionally tilled soils (Aulakh et al., 1982; Aulakh et 

al. , 1984a; Aulakh et al. 1984b; W. H. Caskey personal 

communications, 1983; Rice and Smith, 1982). Several 

factors may contribute to increased denitrification in NT 

soils. Higher water contents creating more anaerobic 

conditions have been observed in no-t ill soils (Aulakh et 

al. , 1984b; Linn and·Doran, 1984). Gaseous N loss from no-

t ill soils was halved by removal of surface residue (Aulakh 

et al. , 1984a) . Residues are believed to increase the 

surface wetness of soil, and offer a carbon source to 

microbes near the soil surface where high soil temperatures 

may favor denit rification. No-t ill systems have been 

reported t o  raise the organic C content of the upper 15 cm 

of soil (Dick, 1983), increase the number of denitrifying 

bacteria in the top 7. 5 cm of soil (Doran, 1980) 

increase t he water-filled porosity (Linn and Doran, 

compared to conventional systems. 

and 

1984) 

A significant relationship between soil nitrate and 

denitrification rate has not been established (Aulakh et 

al. , 1984b; Ryden and Lund, 1980) . If denitrification is 
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dependent on nitrate concentration, deeper placement of N 

may reduce denitrification rates by placing N below the zone 

of greatest microbial activity into a zone of relatively low 

microbial activity (Aulakh et al. , 1984b). 

All of the above information concerning tillage is 

from studies in which denitrification rates were measured 

from soil removed from the field and taken to the laboratory 

for analysis. Questions have arisen as to the validity of 

removing soil from the field because of temperature and 

aeration changes due to soil disturbance and incubation. 

These changes may alter the subtle differences between 

tillage systems and affect denitrification. 

Until recently, measuring denitrification directly 

in the field could only be accomplished through isotopes. 

Methodologies are now available which do not require 

isotopes. These methods use acetylene to block N O  (nitrous 
2 

oxide) reduction, a chamber or cover to collect N O  effusing 
2 

fro the soil surface, and a trap to collect the N O. 
2 

The method developed by Ryden et al. (1979b) 

employed retangular soil covers measuring 5 0  cm x 10 cm x 17 
2 

cm and covered a soil area of 0. 05 m .  Acetylene inhibition 

of N O  reduction was accomplished by radial diffusion of 
2 

acetylene from 8 supply probes (per 2 soil covers) inserted 

1 into the soil. The soil cover air was continously swept 

by drawing external air though the cover with a small vacuum 

pump. Nitrous oxide in the air swept from the cover was 



trapped in a 5A molecular sieve. However, 

7 

the method of 

Ryden et al. requires many acetylene supply probes and air 
2 

flow lines to measure 0.10 m .  The purpose of this study 

was to: 1) design a system which reduced the number of 

acetylene supply probes and air flow lines needed to measure 
2 

denitrification from a 0.10 m area, thus simplifying the 

in-situ method of Ryden et al. and 2) determine the effect 

of tillage, N placement and wheel traffic on in-situ 

denitrification rate in a corn-oats rotation. 



Materials and Methods 

I. Basic Methodology 

Trapping and Recovery of Nitrous Oxide 

The field equipment (Fig. 1- 1) used was 

8 

a 

modification of the design used by Ryden et al. ( 1979b). 

Cylindrical soil covers were made of -18-guage galvanized 

sheet metal and painted white to reflect radiation and 

reduce heat adsorption. Covers were 12 cm high and had a 38-

cm diameter top that had a 7-cm diameter by 12-cm deep pipe 

welded into the center creating a hollow core. The core 

prohibited sampling of that area inside the core and 
2 

resulted in a sampling area of 0.11 m . 

Covers were inserted 10 cm deep into the soil 

leaving a 2-cm head space. A small vacuum pump was used to 

sweep the air space under the soil cover by drawing external 

air through the cover. Air entry and exit ports 

consisted of a small hole and a male pipe fitting located 

on opposite sides of the cover providing 0.64 cm diameter 

openings ( Fig. 1-1. no. 1 and 2). Traps for water and CO 
2 

re oval were made from 20 and 14-cm lengths of 3. 5-cm I.D. 

clear acrylic tubing which was sealed with number 7 one-

holed rubber stoppers {Fig. 1-1, no.4 and 5). 

for water removal was made from 2-cm I.D. 

A second trap 

clear acrylic 

tubing which was sealed with number 5.5 one-holed rubber 

stoppers (Fig. 1-1,  no. 4). Water was removed with Drierite 

and CO was removed with a combination of NaOH pellets and 
2 
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Figure 1-1. Soil cover system for in-situ measurement of 
denitrification. 

1) Fitting connecting air line to the soil cover (air exit) 

2) Air inlet hole, 0.4 cm diameter 

3) Acetylene supply tube 

4) Two 

5) CQ 

6) N 0 

7) N 0 

H O  traps 
2 

trap 

trap without molecular sieve showing capilary tube 

trap with molecular sieve 
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Ascarite. Nitrous oxide was trapped using 5A molecular 

sieve (8-12 mesh) mat erial. Twenty t hree grams of molecular 

sieve were placed in each o f  t wo bottles (Fig. 1- 1, no. 6 

and 7). A 10-cm long, 1-mm (I. D. ) flexible plastic t ube was 

inserted into the bottles containing the molecular sieve. 

The tube was closed by melting the distal end. Ten small 

holes were made in t he lower 5 cm of t he tubing so that the 

air containing N O  would be drawn throu gh the molecular 
2 

sieve material. This gave effects similiar t o  that of a gas 

washing bottle and ensured good contact between the air and 

t he molecular sieve. The end of t he t ube outside t he bottle 

was connected to a vacuum line. 

Nitrous 

recovered in 

oxide adsorbed on �he molecular sieve was 

the following manner. The molecular sieve 

material was placed in a 500 mL Erlenmeyer side-arm flask. 

The flask was stoppered at the top and the side-arm fitted 

with a 10-cm len gt h  of pressure t ubing so t hat it could be 

attached to various apparat uses. The flask was evacuated 

and 60 mLs of water were introducted into t he flask from a 

burette. The tubing was clamped and the contents of  the 

flask were allowed to  equilibrat e for 5 -10 hrs at room 

temperature. Aft er equilibrium, a stopper type septum was 

inserted into the end of the pressure t ubing and the clamp 

released. The flasks were back-filled with Ar to equal 

atmospheric pressure. Standard N O  samples were treated in 
2 

the same manner because of  the solubility of  N O  in water. 
2 
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Samples of the enclosed gas (50- 1000 uL) were removed by 

syringe for gas chromatographic analysis. 

Nitrous oxide was separated from other gases by 
0 

injection into a column of Porapak Q material heated to 75 C 
63 

in a gas chromatograph. 

detector, 
0 

heated to 3 20 C, 
3 -1 

gas at 3 6  cm min 

Acetylene Supply to the Soil 

A Ni-source electron capture 

was used with N as the carrier 
2 

Ryden et al. (1979a) and Yoshinari et al. (1977) 

found complete acetylene inhibition of N O  reduction in soil 
2 

when using atmospheric acetylene concentrations from 0. 1 to 

10. 0% Nitrous oxide reduction was also inhibited for 

several hours at a C H  concentration as low as 0. 01%. Even 
2 2 

though Smith et al. (1978) did not show complete inhibition 

over a 1-2 day period with 0. 1% C H ,  
2 2 

this concentration 

appeared to inhibit N O  reduction over a several hour 
2 

period. This extremely wide concentration range simplifies 

the job of N O  inhibition. 
2 

In this study it was desired to 

use as low a concentration of C H  as possible because the 
2 2 

5 A  molecular sieve sorbs C H  
2 2 

as well as N 0. 
2 

large amounts of C H  greatly complicated 
2 2 

Sorption of 

laboratory 

analysis. 

Preliminary studies indicated predictable and 

uniform C H  diffusion patterns which related fairly well to 
2 2 

the theoretical diffusion patterns calculated by Ryden et 

al. (1979a; p. 111, Fig. 1) Uniform diffusion of C H  
2 2 
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occurred to a depth of at least 20 cm which als o agreed with 

the results of Ryden et al. (1979b). The results suggested 

that longer flow durations of C H  may be needed under wet 
2 2 

soil conditions. 

A C H  diffusion study was conducted on a Poi nsett 
2 2 

silty clay loam s oil (Udic Haploboroll, fine-si lty, mixed). 

Poi nsett s oi ls are deep, fine, 

stratified silty glaci al drift. 

loamy s oils developed in 

Two tillage systems were 

selected to represent soils of diverse air filled 

porositi es. A moldboard plowed (MP) s oil was used for 

acetylene diffus ion under moist conditions an adjacent no-

ti ll (NT) soil was selected for the wet conditions. Soil 

characteris tics are presented in Table 1- 1. 

One acetylene s upply probe was operated from an 

acetylene tank and was regulated with a gas flowmeter. A 2-

cm di ameter by 3 0-cm deep core of soi l  was removed from the 

center of each cover wi th a soil probe to allow inserti on of 

the acetylene supply probe. Acetylene was di ffused radially 

(and vertically) from a 0.64-cm ( I.D.) plasti c supply probe 

i ns erted 3 0  cm deep into the soi l  through the center of the 

soil cover core (Fig. 1- 1, no. 3). The acetylene probes were 

left open at the bottom with several holes withi n 5 cm of 

the bottom to ens ure that soil did not plug the openi ngs . 

Soi l was gently packed around the top of the supply probe to 

hinder loss of C H  
2 2 -1 

Acetylene was suppli ed at a rate of 0. 6 L hr for 

423739 
H K T ST T IV SI 
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Table 1-1. Soil organic matter content and residue cover of 
Poinsett soil. 

Tillage Bulk Air filled Organic 
density porosity Matter 

3 
Mg/m % % 

Moldboard 0. 86 
plow @ 37 3. 2 

No-till 1. 06 19 3. 2 

@ The s oil was tilled to a depth of 15 cm 



1 5  

75 minutes 

condition 

previous to cover insertion under 
-1 

the moist 

and at 0. 5 L hr for 90 minutes previous to 

cover insertion under the wet condition (as suggested by 

preliminary results). 

distances of 3,  11, 

Acetylene samples were collected at 

and 19 cm from the acetylene supply 

probe at a 10 cm depth. Three samples were taken at each 

distance immediately before soil cover insertion, one half 

hour after cover insertion (this required brief removal of 

covers) and one hour after the cover was placed. This 

coincided with the one hour denitrification measurement. 
3 

Five cm of soil atmosphere were removed with a syringe from 

a 0. 3 mm ( I. D. ) tube inserted 10 cm into the soil. 

Acetylene was then transferred from the syringe to a 25 mL 

erlenmeyer flask from which it displaced water. Standard 

acetylene samples were also prepared by displacing water. 

The acetylene was analysed by injection into a column of 

Porapak R material heated to 180 C in a  gas chromatograph. A 
0 

flame ionization detector, heated to 220 C was used with N 
3 -1 2 

as the carrier gas at 3 6  cm min 

Efficiency of Nitrous Oxide Recovery 

The efficiency of N O  recovery from the cylindrical 
2 

soil covers was tested in the greenhouse (because of 

possible N O  production by field soils). 
2 

A 5-mL syringe 

with an 18-guage needle containing pure N O  was placed on 
2 

the surface of moist coarse sand. A soil cover was placed 

over the syringe and inserted 10 cm deep into the sand 
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leaving a 2-cm head space. The air space was swept for one 
- 1 

hour at an air flow rate of 21, 31, or 3 7  L hr At the 

end of one hour both the residual N 0 in the syringe and N 0 
2 2 

adsorbed on the molecular sieve were analyzed. 

A second experiment was conducted to verify the 

efficiency of the nitrous oxide traps. Known amounts of  

nitrous oxide were metered into the air flow line for 30 
-1 

minutes at an air flow rate of 21  L hr Nitrous oxide 

trapped by the molecular sieve was recovered and compared to 

the known amount injected. 
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Results and Discuss ion 

Acetylene Diffusion 

Concentrations of C H  between 0. 1 and 10. 0% under 
2 2 

the soil cover were readily and predictably establi shed at 

an approximate depth of 10 cm by radial diffusi on from a 

single s upply probe (Table 1-2). Acetylene di ffusi on 

patterns i n  this s tudy generally agree wi th those found by 

Ryden et al. ( 1979b). Acetylene concentrati ons were 

somewhat lower than predicted flow rates by Ryden et al. 

(1979b; p. 1 1 1, Fig.I). However the low flow rates of C H  
2 2 

probably created a core near the supply probe which was less 

than the 100% C H  concentration which was used i n  the 
2 2 

theoretical calculati ons. Lower concentrations of C H  were 
2 2 

observed i n  the moldboard plowed soil than in the no-till 

soil at the third measurement. Acetylene flow was shut off 

30 mi nutes previ ous to this measurement. Higher air-filled 

porosi ty li kely caused more rapid dispersal of acetylene i n  

the moldboard-plowed soil. Several meas urements from the 1 9  

cm radius resulted i n  C H  concentrati ons as low as 
2 2 

0.07-

0. 09%. This was not seen as a problem because work of Ryden 

et al. ( 1979a) and Yos hinari et al. (1977) sugges ted that 

C H  concentrations 
2 2 

of 0. 01% would at least 

reducti on for several hours. 

i nhibi t N 0 
2 

One measurement from the 3 cm 

radius res ulted in a C H  concentration of 14%, but this was 
2 2 

from the insi de core and not underneath the cover. 

Acetylene concentrations underneath the cover at 3.5 cm were 



T a b l e  1 - 2 .  A v e r a g e  a n d  r an ge o f  a c e t y l e n e  c o n c e n t r a t i o n s  u n d e r  
s o i l c o v e r s  a t  t h r e e  t i m e  i n t e r v a l s  o n  a P o i n s e t t 
s o i l .  

D i s t a n c e  C o n c e n t r a t i o n o f  A c e t y l e n e � 
f r o m p r o b e  

0 m i n u t e s @ 3 0  m i n u t e s 6 0  m i n u t e s 

cm - - - - - - - - - - - - - - - - - - - - - - - - -- % C H - - - - - - - - - - - - - - - - - - - - - -

3 
1 1  
1 9  

3 
1 1  
1 9  

9 . 8 1 
1 .  9 0  
0 . 2 5 

2 . 0 2 
0 . 8 1 
0 . 1 7 

( 5 . 7 8 - 1 4 . 2 8 ) $  
( 1 . 5 6 - 2 . 1 5 ) 
( 0 . 1 5 - 0 . 3 8 )  

( 1 . 7 9 - 2 . 3 2 )  
( 0 . 2 7 - 1 . 4 8 )  
( 0 . 0 7 - 0 . 3 3 )  

2 2 
No - t i l l  

3 . 4 0 ( 1 . 8 8 - 5 . 7 5 )  0 . 9 2 ( 0 . 6 2 - 1 . 3 0 ) 
1 .  1 6  ( 1 . 0 2 - 1 . 3 0 )  0 . 8 8 ( 0 . 4 6 - 1 . 3 1 
0 . 1 7 ( 0 . 0 9 - 0 . 2 2 )  0 . 1 6 ( 0 . 1 1 - 0 . 1 9 )  
Mo l db o a r d  p l o w 
2 . 5 8 ( 1 . 6 5 - 4 . 2 6 )  0 . 4 5 < 0 .  4 :3 - 0 . 4- 9 ) 
1 .  7 5  ( 0 . 2 4 - 2 . 6 1 )  0 . 2 3 ( 0 . 1 2 - 0 . 3 2 1 

0 . 2 3 ( 0 . 1 5 - 0 . 3 0 )  0 . 1 2 ( 0 . 0 9 - 0 . 1 6 )  

� A c e t y l e n e  w a s  d i f f u s e d  a t  a r a t e  o f  0 . 5 0 L / h r  f o r  1 . 5  h r s  a n d 
a t  0 . 6 0 L / h r  fo r 1 . 2 5 h r s  b e f o r e  c o v e r  p l a c e m e n t ( i n i t i a l  
s am p l e , 0 m i n u t e s ) i n  n o - t i l l  ( a i r - f i l l e d p o r o s i t y = O . 1 9 ) an d 
mo l d b o a r d  p l ow s o i l s ( a i r - f i l l e d p o r o s i t y = 0 . 3 7 ) , r e s p e c t i v e l y . 
A c e t y l e n e  f l ow w a s  s hu t  o f f  3 0  m i n u t e s p r i o r  t o  t he f i n a l  
s am p l i n g  ( a t 6 0  m i n . ) .  

$ Ran ge 

1 8  

• Av e r a g e  o f  t h r e e  s am p l e s t ak e n t o  a d e p t h  o f  a p p r o x i m a t e l y  1 0  cm 



19 

likely lower. 

Since C H  is a gas , diffusion to soil depths above 
2 2 

and below 1 0  cm was eminent (Ryden et al. , 197 9b) . 

Preliminary studi es confi rmed this. Acetylene could be 

smelled when the covers were removed indicating that N 0 
2 

reduction was probably inhibi ted even i n  the top 1 

soil. 

cm · of 

Nitrous Oxide Recovery 

Nitrous oxide recovery from the greenhouse 

experi ment is repo rted in Table 1- 3. Ni trous oxide recovery 

from the molecular sieve (plus residual nitrous oxide in the 
-1 

syringe) was hi ghest at a flow rate of 21 L hr and 

decreased dramatica l ly as the air flow rate was increased. 

These results follow the same pattern as those of Ryden et 

al. ( 1978) . Apparently high flow rates were inferior to low 

flow rates because the ai r -N O mi xture was passed over the 
2 

5A molecular sieve too rapidly for effici ent sorb ti on to 

occur.  Recovery averaged 95 % at an air flow rate of 21 L 
-1 

hr but enough variability existed to war rant a second 

experiment to determine the effici ency of the N 0 
2 

t raps. 

The results of the second experiment are reported in Tab l e  

1 - 4. 

Results 

I n  this 

indicate 

effi ci ently at 

experiment N O  recovery averaged 1 0 4 %. 
2 

that nitrous oxide could be trapped 
- 1  

an air flow rate of 2 1  L h r  from 

cylindrical so i l  covers. 



Tab le 1 - 3 .  Recovery of nit rous oxide . 

F low Rat e  

L / hr 

2 1  
3 1  
3 7  

Average nit rous oxide recovered# 

94. 6 ± 18.8## 
65. 1 ±2 1. 1 
56. 2  ±2 4. 9 

20 

# nit rous oxide re leased from an unse a led  gas syringe 
in t o  t he en c l osed air space of a soi l cover an d t rap ped 

· b y 5A mol ecul ar sieve at various air f l ow rat es. 
# # S tan dard Deviat ion 



Table 1-4. Recovery of nitrous oxide in a mixture with air 
passed through 46 g of 5 A  molec ular sieve at a 
flow rate of 21 L/hr for 30 min. 

R un N um. N O  passed 
2 

N O  recovered# 
2 

1 
2 
3 
4 

-------------ug------------
12.7 13. 6 
12.9 13. 5 
12.7 12. 3 
12. 9 13. 7 

# atmospheric N O  contribution subtracted 
2 

Recovery 

% 
1 08 
105 

9 7  
1 06 

2 1  
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Materials and Methods 
I I. Denitrification Measurements 

This study was conducted in east central South 

on 

of 

a Poinsett silty clay loam soil ( referred to 

site ) The tillage variable was established in 

1983. Tillage information and selected 

as 

the 

so i l  

characteristics are presented in Table 1-5.  Denitrificati on 

measurements were taken from 10. 7 m x 5. 5 m plots in NT, CH 
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Tab l e  1-5. Organ i c  mat t er cont ent  and res i due cov er of 
Poi ns e t t  soi l . 

T i l l age Ti l l age N P lacem ent O. M .  
O pera t ions 0- 15 cm 

% 
MP M P - d iske d topdressed 3 . 2  
C H  C H-d iske d topdressed 3. 2 
NT  ## No- t i ll topdressed 3. 2 
N T  # #  No-t i l l inject e d  3 . 2  

# R ecord e d  on Jun e  1 5 , 1984 
## NT sys t ems were d isk e d  on al t ernat e ye ars 

pH R esidue 
Cov er # 

% 
6. 6 1 4  
6 . 6 25 
6. 6 4 3  
6. 6 4 1  



Tab le 1 - 6. N i t rogen appl i cat ion and resi dual so i l  ni t rate at 
E . C .  si t e ,  1 984. 

T i l l age N Source N P l acement Soi l N i t ra t e 
@ 

MP 
CH 
NT 
NT 

AN # 
AN 
AN 
UAN ## 

1 1 2 kg N/ ha 
topdressed 
topdressed 
topdressed 
injec ted 

0-1 5 cm 1 5 -60 cm 

-----------k g  
5 2  1 2 3  
4 0  1 24 
29 74 
1 5  5 8  

Fert i l i zer N + 
Soi l N i t rate 

0- 1 5 cm 1 5 - 60 cm 

N/ h a----------
1 64 1 2 3  
1 5 2  1 2 4  
1 4 1  74 

1 5  1 70 

@ Soi l N i t rates w e r e  determined from soi l  samples t aken in 
t he fal l of 1 983. 

# Ammo n i um ni t rate 
## Urea ammon i um ni t rate 
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presented in t he basic methodology section. White plastic 

was also placed over t he covers (painted white) 

days to further reduce heat adsorption. 

on sunny 

-1 
Acet ylene was supplied at a rate of 0. 60 L hr for 

75 minutes previous t o  t he initial sample (and cover 

placement) and allowed to flow for an addit ional 0.5 hour 

during sampling (after cover placement ) under most 

(unsat urat ed) conditions. Under extremely wet condit ions 

(sat uration), acet ylene was supplied at a rate of 0.50 L hr 
1 

for 90 minutes before commencing sampling. On days in 

which more than one sample was taken wit hin 4 hours of the 

initial sample acetylene was supplied at t he same rate but 

only for 40 minutes (while covers were st ill· in place) . 

Acetylene concentrations were occasionally checked at the 

edge of t he cover to make sure the concent rations were at 

least 0. 1% by the method described in the basic methodology 

section. Acetylene flow to six supply probes was controlled 

by one flowmeter. 

Air under the cover was swept by drawing external 
- 1 

air through the soil cover at a rate of 2 1  L hr Air flow 

was controlled by needle valves inserted into the air flow 

line of each cover. Nitrous oxide effusing from the soil was 

sorbed on a 5A molecular sieve, and then stored until 

laboratory analysis. Samples were generally taken from 

10:30-11 : 30 A.M. to avoid diurnal temperature variation . 

The one hour sampling period was mandatory because the 5 A  
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molecular sieve sorbs C H  
2 2 

as well as N O  (sorbance of large 
2 

amounts of C H  made 
2 2 

laboratory analysis difficult). 

Sampling b egan the day after a rainfall and continued for 

several days until the soil dried. Soil covers were moved 

to new l ocations within the plots each day and were moved to 

a different replication on June 24. 

Dail y  denitrification rate estimates were made by 

multiplying the single one hour measurement or average (if 

more than one measurement was taken) by 24 since 

measurements were taken as close to the diurnal temperature 

midpoint as possible. Wheel-track val ues were multi plied 

by 0. 15 to account for that portion of the field estimated 

to be in a WT. Non-wheel-track values were multi plied by 

0. 85 and averaged to account 

portion of the field. 

for the non-wheel-tracked 

Soil temperature at 5 cm was taken from three 

thermistors (read to 1 C) inserted at various l ocati ons in 

each tillage system. Soi l water potential at 10 cm was 

recorded from three tensiometers placed in each tillage 

system. Residue cover was measured in each plot 

planting by counting the number of residue points 

fo llowing 

(versus 

bare soi l) in a 100 point grid. Bulk density measurements 

were coll ected from within the row, WT and the und i sturbed 

inter-row ( WT) for each tillage treatment. A minimum of 

two subsamples were taken to a depth of 40 cm from each 

replication u s i n g  a hydrau lic core sampler. 
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Result s and Discus sion 

The spring of 1984 was one of the wette s t  on record 

in eas t  central South Dakota. Total preci pitation in June 

Wet field cond i tions or rain measured 17. 2 cm (FLg. 1-2 ) .  

often made measuring denitrification difficult. A water 

table exis ted within one meter of the soi l s urface unt il 

late Augus t  due to some lateral movement 

slope. 

of water down 

Denitrificati on rates ranged from 
-1 -1  

a daily 

of 0. 007 to 2. 9 kg N ha day per treatment. 
- 1  -1 

The 

average 

highe st 

s ingular value was 6. 1 kg N ha day recorded from a W T  

area of the CH s ys tem. Most of the cumulative N l os s from 

May 29-Sept 8 (average of all treatments) occurred during 

the period of June 11-24 ( F i g . 1-2). B ecaus e of exces sively 

wet conditions only three measurements were taken over those 

14 days. The greatest denitr i f i cat ion rate occurred on June 

18. Soi ls had been saturated before June 18, but soil 

temperatures were cool. As soil temperatures warmed from 

early June to June 18 denitrificati on rates increas ed 

dramatical ly ( F i g .  1-2). An increas e in soil temperature on 

June 26 resulted in a s ubsequent increase i n  den i tr i f i cat ion 

rates, even though soil s had dried cons iderably. 

Dentri f i cati on v irtually ceased after early J ul y. Surface 

soil condit ions were dry in J uly and August and the several 

small ra infalls that occurred were probably not enough 

precipitation to caus e anaerobic conditions .  Gaseous N 
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losses before May 29 and a fter Sept. 

due to low soil temperatures. 

2 9  

8 were probably small 

Regression analysis was performed on WT and NWT data 

over the period o f  June 6-June 27 with denitrification rate 
- 1  -1 

(kg N ha day ) as the dependent variable (Table 1-7 ) .  

Other days were not included in the analysis because of 

relatively low denitrification rates. Percent residue cover 

(Table 1-5) was used as a dependent variable indicating the 

intensity of tillage. Denitrification from WT and NWT areas 

were affected by different factors and were analyzed 

separately to simplify the regression equations. 
2 

were variable as 

models (Table 1 -7) . 

indicated by the low R values 

Denitrification Rates from Non-Wheel-Track Areas 

Results 

of  the 

A number of factors and interactions significantly 

affected denitri fication rates from NWT areas (Table 1 - 7 ) . 

The main effects and interactions of percent residue cover , 

soil temperature, and number of  days after a rain fall had 

large effects on denitrification rates (Fig. 1-3) . Soil 

water potential had only a small ef fect on denitrification 

rates and was kept constant in Fig. 1-3. It is well known 

that the activity of denitrifying bacteria is heavily 

dependent on temperature . Higher bacterial populations 

(Aulakh et al. , 1984b) and lower air-filled porosity in NT 

systems (Linn and Doran, 1984) probably caused the reduced 

ti llage systems to be more responsive to changes in soil 
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Tab l e  1 - 7 .  S umm a r y  o f  r e g r essi o n an a l ysis , 
E . C . s i t e ,  1 9 84 . 

d e n i t r i f i c a t i o n st u d y , 

D e p e n d e n t V a r i ab l e  L o c a t i o n 
y 

e q ua t i o n # 

k g N l os t / ha/ d a y  NWT Y = 0 . 2 3 8 8 - 0 . 0 8 6 7 ( a ) + 0 . 0 0 6 2 7 ( b ) 
0 . 0 0 0 0 0 8 65 ( c )  + 0 . 0 0 0 0 1 4 8  ( d ) 

2 
R 

- 0 . 2 2 6  ( e )  0 . 4 0 7  

k g N l os t / ha / d a y  W T  Y = - 3 . 9 0 2 6  + 0 . 2 5 3 6 7 ( f ) -
0 . 0 1 5 0 7  ( g ) 0 . 2 8 9  

# A l l v a r i ab l es were s i gn i f i c an t a t  t h e  0 . 0 5 l e v es e x c e p t e wh i c h 
w as si gn i f i c an t  a t  t h e 0 . 0 8 l e v e l . 

a = Resi due  c o v e r ( % )  
b = Resi d u e  c o v e r * S o i l  t em p e r a t u r e  ( C ) 
c = R es i due  c o v e r  sq u a r e d  x Numb e r  o f  days a f t e r  a r a i n f a l l x S o i l 

t em p . 
d = S o i l  w a t e r  p o t en t i a l ( k P a )  x S o i l T em p . x N umb e r  o f  D ay s  a f t e r  

a r a i n fa l l  sq u a r e d  
e = l = D ummy v a r i ab l e  f o r  i n j e c t e d N t r e a t me n t ( O = t o p d r e s s e d  N )  
f = S o i l  T e m p e r a t u r e  
g = S o i l  T em p e r a t u r e * Numb e r  o f  days a f t� r  a r a i n fa l l 



3 1  

I
),,. a 

� 
�a 3 M P  C H NT 
.c 

z TOPDRESSED N TOPDRESSED N 

... ... 
4( . 2 
m 

z 
2 ... 
4( 
V ... 
m ... 
z ... 
Q 

1 3 5 7 1 

DAYS AFTER A RA I N  l 4 mm 

F i g u r e  1 - 3 . T h e  e f f e c t s  o f  t em p e r a t u r e , d a y s  a f t e r  a r a i n , 
t i l l a g e , a n d  p l ac e m e n t o n  d e n i t r i f i c a t i o n  
r a t e s  i n  n o n - w h e e l - t r ac k  a r e a s  o f  a P o i n s e t t. 

s o i l  



3 2  

temperatures. 

The number of days after a rainfall (of at least 4 

mm) had larger effects on denitrification in treatments with 

greater residue cover (Fig. 1-3). The number of days after a 

rainfall is probably indicative of surface moisture 

conditions and therefore redox status. As the number of days 

after a rain increased the surface became drier. Surface 

drying may have been most detrimental to denitrification 

rates in the NT  system because the zone of denitrifying 

activity was closer to the soil surface than in either the 

CH or MP systems (Doran, 1980). This relationship between 

surface wetness and residue cover was postulated by Aulakh 

et al. ( 1984a). Denitrification was higher in the NT system 

on June 13 than in the CH and MP systems (Fig. 1-2) . Soil 

temperatures would have warmed sooner in the surface soil 

further supporting the hypothesis that denitrification in 

the NT system occurred primarily near the soil surface . 

Denitrification rates were significantly lower 

(0. 08 level) in N T  plots which received injected N compared 

to topdressed N ( Table 1-7) . The difference between the two 

treatments seems to be fairly large (Fig . 1-4) , however data 

were missing during a critical period (June 18) . Placement 

of N below the zone of greatest denitrifying activity was 

probably responsible for decreased denitrification . Pre-

season soil 

substantially 

nit rate in 

lower than 

the 

other 

injected 

treatmen ts 

p l ots 

(Table 

was 

1-6) . 
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After N fertilization, greater differences 

34 

in nitrate 

between topdres s ed and injected N treatments exis ted in the 

top 15 cm of soil (Tab le  1-6). Nitrogen mineralization in 

June was probably not great because of soil wetnes s .  

Therefore it s eems pos sib l e  that NO 
3 

cou l d  have been 

l imiting denitrification, due to depletion , 

treatment in which N was injected. 

Denitrification Rates fro■ Wheel-Track Areas 

in the NT 

Denitrification rate averaged 1. 4 times higher in WT 

areas than in NWT areas . Increased bulk density and the 

corresponding reduction in air-fil l ed poros ity of WT areas 

(Table 1-8) may provide a more anaerobic environment than 

NWT areas . Soil temperature and soi l  temperature x number · 

of days after a 

denitrification rates 

rainfall significantly affected 

in WT areas (Tab l e  1 - 7 ) . Soi l 

temperature was positively rel ated to denitrificati on in WT 

areas as expected. Soi l temperature x number of days after a 

rainfall was negatively related to denitri fication . So i l 

wetnes s is probabaly an important factor in denitri f i cation 

from WT areas . However, it i s  not certain why day s after a 

rainfa l l  was more significant i n  the interaction than s o i l 

water potenti al. Neither soil water potenti a l ,  N p l acement, 

or percent residue cover were significant in the regres s i on 

model . Wheel-track areas are compacted zones that have 

properties that may mask s mall effects s uch as N placement 

and precent residue cover. Deni trificati on from WT area s 
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T a b l e  1 - 8 .  B u l k  d e n s i t y m e as u r em e n t s  f r om a P o i n s e t t  s i l t l y c l ay 
l o am ,  1 9 84 . 

T i l l a g e  

de p t h  MP  CH  

W T  R o w  N W T  WT R ow 

cm ---------------- -------- Mg/ m 
0 - 1 0  1 . 4 1 1 .  2 6  1 .  1 5  1 . 4 0 1 .  2 3  
1 0 - 2 0  1 .  3 6  l .  2 2  1 .  2 5  1 . 3 7 1 . 3 5 
2 0 - 3 0  1 . 2 8 l .  3 0  1 . 2 8 1 .  2 9  l .  3 0  

L e as t s i g n i f i c an t  d i f f e r e n c e = 0 . 1 1  
( C o u r t e s y  o f  T . E .  S ch um a c h e r )  

3 

NWT 

1 .  24  
1 .  3 0  
1 .  3 4  

W T  

1 . 4 1 
1 .  3 8  
1 .  3 1  

N T  

Row  

1 .  30  
1 .- 3 5 
1 .  3 1  

NWT 

1 .  25 
1 .  3 2  
1 .  2 6  



appeared to be more variable than from NWT areas. 

Cumulative N Los ses 

3 6 

Cumulative N l oss from May 29-Sept. 8 was estimated 

by adding the cumulative N loss from the June 6-27 period 

plus cumulative N l oss outside that period. Cumul ative N 

loss from May 29-June 6 and June 28-Sept. 8 was approximated 
- 1 

at 3 kg N ha for all treatments. Cumulative 

denitrification from June 6-27 was estimated by integrating 

WT and NWT regression equations over 

average soil water potential values 

that period using 

for all 

(rather than individual till age suction val ues, 

treatments 

Tabl e 1 -9). 

Much of the soil water potential differences between till age 

systems (Table 1�9) was probably due to microrelief. Slight 

depressional areas produced standing water in NT pl ots on 

June 18 and 24, and in CH pl ots on June 25. Since the 

difference in soil water potential between the till age 

systems due to microrelief and the effects of till age coul d 

not be seperated, average soil water potent ial val ues (o f 

the three till age systems) were used for integration. Wheel 

track and NWT val ues were mu l tiplied by 0 . 15  and 0. 85, 

respectivel y as in daily denitrification estimates. 

Cumulative N l oss from May 28-Sept 8 was estimated at 1 1, 
- 1 

16, and 25 kg ha from MP, CH, and NT treatments in which N 

was topdressed, respectivel y. Cumulat i ve N loss could not 

be accuratel y estimated from NT treatments in which N was 

i njected because of m i ssing data during the peak 
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Tab l e  1 - 9 .  S o i l  wa t e r po t en t i a l  a t  1 0  cm an d r e p l i c a t i o n 
n umb e r  o f  den i t r i f i ca t i o n m e as ur emen t s  p e r  day , 
E. C. s i t e ,  1 984 . 

D a t e  T i l l a ge D e n i t r i f i c a t i o n 
meas u r em e n t s , n o . o f  

MP CH  N T #  rep l i c a t e s p e r  day  

- - - - -- ---- kP a ---- - - - --
May 2 9  8 8 5 2 

3 1  1 4  1 1  8 2 

June  1 1 3  1 4  9 2 

5 0 0 0 2 

6 0 0 0 3 
7 0 0 0 1 
8 0 0 0 1 

1 3  6 2 1 1 
1 8  0 0 0 1 
24  2 0 1 1 
2 5  1 2  7 7 3 

2 6  2 7  1 2  1 7  3 
2 7  2 7  1 2  1 7  2 
2 9  2 7  1 1  1 3  1 

J u l y  2 2 5  2 2  2 0  1 
3 3 3 6 1 
5 1 3  5 1 3  1 

1 1  1 6  1 8  1 5  1 
2 6  75  7 5  7 5  1 

Au g 4 1 8  1 8  1 8  1 
S e p t . 8 1 8  N I A  # #  1 8  1 

# us e d  f o r  b o t h  N T  t op d r e s s e d  an d i n j ec t e d N t r e a t me n t s  
# #  No t A v a i l ab l e 
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denitrification event (June 18). 

Conclusions 

Most of the cumulative N loss from May 29-September 

8 occurred o ver a 14 day period, June 11-24, 

temperatures were high and soils were saturated. 

when soi l 

In NWT 

areas, the zone of denitrification appeared to occur c l oser 

to the soil surface in the NT system than in the CH or MP 

systems. 

rainfall ) 

As a result surface drying (number of days after a 

reduced denitrification at a much faster rate in 

the NT system. 

denitrification 

Increased soi l temperat ures a l so 

rates, especial l y  in the NT 

increased 

system. 

Denitrification from May 29-Sept. 18 was proportiona l to the 

percent surface residue cov er except in the NT treatment in 

which N was injected in NWT areas. Injecting N significant l y  

decreased denitrification rates in the NT system probably by 

p l acing N bel ow the zone of greatest denitrifying activ i ty. 

The effects of injecting N and residue cover amounts were 

not evident in WT areas. The R va l ues of regression 

equations were fairly low indicating variability . 
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Chapter II 

Infl uence of Til lage on Nitrogen Response of Corn and Oats 
G rown in Rotation. I .  Soil Nitrates and Corn Response 

Abst ract 

Corn (Zea mays L. ) was grown in rotation with oats 

on a Poinsett silty clay l oam soil (Udic Hapl aboroll fine 

silty mixed) in east central South Dakota. The tillage 

systems studied were moldboard plow (MP), chisel p l ow (CH), 

and no-till (NT). Four nitrogen rates (including a check) 

were applied using topdressed ammonium nitrate. The MP and 

CH systems were disked once in the spring prior to planting 

but after N was topdressed. Residual soil nitrate (RSN) was 

general ly higher following oats than fo llowing corn and 

higher under MP tillage than under CH tillage or NT. 

Apparent N ineralization rates were greater under the MP 

system than under the reduced til lage systems in 1983. 

Nitrogen uptake was higher from MP check plots in 1984 but 

leachin g precluded apparent N mineralization estimates. 

The NT syste yielded lower at high fertilizer N (FN) plus 

RSN rates than the MP and CH systems in 1983. This may have 

been partly due to heavy annual grassy weed competition . 

More FN+RSN was  required in the CH system to equal yields of 

the MP system in 1983 . Corn under the MP system y ielded 

significantly higher than the reduced tillage systems in 

1984. The higher yields seem to be due to lower bulk 

densities under the MP system and wet soil conditions over 
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slightly lower under reduced tillage, but no additional 

FN+RSN was necessary to obtain optimal yield over that 

required by the MP system. However, more FN was necessary 

under reduced tillage due likely to lower N mineralization 

rates and greater denitrification rates . 

Additional index words : N mineralization, reduced 

tillage 

Int roduct i on 

No-till corn (Zea mays L. ) production has generally 

been most succussful in relatively dry environments or 

seasons (Lal, 1 979; Legg et al. , 1 979; Thomas et al. , 1973). 

Yield increases under no-till systems compared to 

conventional systems have been attributed to increased soil 

water content for the NT system (Blevins, 1971). However, 

no-till corn has yielded less than conventionally tilled 

corn, particularly in wet growing seasons (Thomas et al. , 

1973). Decreased yields under no-till systems have generally 

been attributed to adverse soil physical characteristics and 

poor weed control. 

Increased N requirement by no-till corn compared to 

conventionally tilled corn has also been observed in some 

cases (Thomas et al, 1973; Legg et al . , 1979). Several 

reasons have been given for this higher N requirement. 

Organic N content has increased under no-till systems due 

likely to less soil disturbance (Dick, 1983; Blevens et al., 

1977). Higher nitrate concentrations have been found under 
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conventional tillage systems compared to no-till systems, 

due to greater mineralization under conventional tillage 

( Dowdel l et al., 198 3 ; Thomas et al, 1973). Increased 

nitrate leaching in no-till systems has occurred from 

greater water infiltration ( Thomas et al . 1973) . 

Denitrification has also been blamed for the higher N 

requirement under reduced tillage. Denitrification rates 

from a no-till system in a corn-oats rotation were reported 
-1 

to average approximately 14 kg N ha 

conventional tillage (Chapter I). 

higher than under 

Yield reductions from continous no-till corn were 

decreased but not eliminated by rotating corn with soybeans 

or with oats-alfalfa (Dick and Van Doren, 1985). Little 

additional research involving a corn-small grain rotation is 

available . Therefore, an experiment was established to: 1) 

compare yield potential, N uptake, and N requirements of 

corn grown in rotation with oats under moldboard plow (MP), 

chisel plow (CH), and no-till (NT) systems, and 2) determine 

if soil nitrate interpretations should be altered for 

reduced tillage systems . 
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Mater i als and Methods 
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Field experiments were conducted on a Poinsett silty 

clay loam soil (Odie haplaboroll, fine-silty, mixed) . The 

Poinsett soil has developed in stratified silty glacial 

drift. The slte was located on a gently sloping landscape 

causing some lateral movement of water during periods o f  

heavy rainfall. The site had been predominately chisel 

plowed since 1970, but was moldboard plowed several times 

including 1982. Selected soil characteristics are presented 

in Table 2-1. This site will be referred to as the E. C. 

site. 

A split plot randomized complete block design was 

utilized, with tillage strips as the main plots and nitrogen 

treatments as the subplots. Corn was planted in the 

preceeding year ' s  oat stubble and oats were planted in the 

preceeding year ' s  corn stubble. Three tillage systems were 

employed for each crop: MP, CH, and NT. The tillage variable 

was established in 1983. Primary tillage was done in the 

spring o f  1983 (due to a wet fall in 1982) and in the fall 

of 1983. Moldboard plow and CH (equiped with s weeps) 

systems were tilled to a depth of 15 cm. Corn plots in CH 

and MP systems were disked after N application. All plots 

planted to oats were disked once to reduce corn residue and 

to incorporate topdressed fertilizer treatments. 

the NT syste was disked once every two years . 

Therefore, 

The planter 

used a fluted coulter in front of the seeding unit to till a 



T a b l e  2 - 1 

T i l l a g e  
o p e r a t i o n s  

S e l e c t e d s o i l c h a r a c t e r i s t i c s , P o i n s e t t s o i l . 

R e s i d u e  
C o v e r :; 

c o r n o a t s  
a f t e r a f t e r 
o a t s  c o r n OM p H  

:-I H  O A c  B r a v  
4 
K p E C  

45 

( MP )  M o l db o a r d - d i s k 
t C H ) C h i s e l - d i s k 
( N T )  # #  

_ _ _ _ _ _  o,,.. _ _ _ _ _ __ _  _ 
, o  

1 2  
2 -±  
6 6  

9 

3 0  

3 6  

3 . 2  6 . 6 

- k g ; ha-
6 0 0  5 0  

') ..- m 
0 . 0 5 

� R e c o r d e d  f o l l o w i n g p l a n t i n g i n  M a v  1 9 8 3  
� #  T s y s t e m s  w e r e  d i s k e d  o n  a l t e r n a t e  y e a r s  t n  p r � p a r e  a 

s e e d b e d  f o r  o a t s  e s t a b l i s hm e n t 



5-cm strip over each row . Fertilizer nitrogen 

4 6  

(FN ) was 
- 1  

applied at 0, 73, 109, 170 and 0, 3 7, 75, and 112 kg N ha 

in 1983 and 1984, respectively. Nitrogen was applied as 

either topdressed ammonium nitrate ( AN )  or injected urea-

ammonium nitrate (UAN) several days before planting . 

Nitrogen was injected 12-15 cm deep using an applicator with 

a knife spacing of 45 cm. Check plots for injected N 

treatments were knifed without applying fertilizer . 

dimensions were llm x 5 . 5m. 

Plot 

' Pioneer 3906 ' corn was planted in 9 1  cm rows on May 

10 in 1983 and on May 18 in 1984. Triple super phosphate was 

applied at a rate of 18 kg P/ha with a starter attachment . 

No additional fertilizer other than N was needed acco rding 

to soil tests. Weeds were controlled by a preplant 

application of Lasso/ Bladex and one cultivation when co rn 

was in the four leaf stage. Fifteen ear leaves were taken at 

silk initation from each plot . Nitrogen content was 

determined using a micro-Kjeldahl method (Bremner, 1965) . 

Quadradic or linear regression equations were used to fit 
2 

earleaf data according to the highest R obtained. Six and 

three meters of the inner two rows were harvested for corn 

grain and stover yield, respectively . Stover and grain 

yields were summed to determine silage yield . 

Wet planting conditions in 198 3 resulted in low 

plant populations on some plots . Yields were therefore 

statistically adjusted to compensate for poor stands ( Steele 
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and Torrie, 1980) . Regression analysis indicated that only 

one regression line was necessary for all N levels to adjust 

yields to a harvest population of 48, 400 plants/ha. The 

harvest population of corn in 1984 was 50, 000 plants/ha. 

Four soil samples from the 0-60 cm depth and three 

from the 60-120 cm depth were taken from each plot in the 

fall to determine residual soil nitrate (RSN) concentration. 

Soil nitrate concentrations were determined using nitrate 

specific ion electrode. 

Bulk density measurements were collected from within 

the row, the wheel-tracked, and the undisturbed inter -row 

for each tillage treatment. A minimum of two subsamples 

were taken from each replication. Samples were taken with a 

Uhland type hand soil sampler in 1983 from two depths within 

the top 20 cm. In 1984, a hydraulic core sampler was used 

to obtain samples to a depth of 40 cm. 

Plant height and shoot dry weight were periodically 

sampled for the first 20 days after emergence. Plant 

height was deter ined by measuring the distance f rom the 

soil to the youngest fully expanded leaf on ten plants per 

plot. Shoot dry weights were deter ined from samp les 

consisting of five randomly selected plants fro each plot. 

Leaf area measurements were made durin g the period 

of rapid vegetative growth between 20 and 50 days after 

emergence. Five randomly se lected plants we re initial ly 

tagged and easured nondestructively for leaf area at week ly 



4 8  

inte rva ls. A Li-Cor  LI- 3000 portab le area mete r was used 

for leaf a rea determination. 



Results and Discussion 

Residual Soil Nit rate  

49 

Residual soil nitrate N was measured in the fall of 

1982, 1983, and 1984 ( Figs . 2-1, and 2-2 ) .  Residual soil 

nitrate was generally higher followin g  oats than followin g  

corn. 

months 

Oats were harvested in early August , 

duri n g  which conditions were 

which left two 

favorable for 

mineralization and no crop was present to take up N. The 

highest FN rate applied in 1983 and 1984 was more N than 

normally recommended for oats. Consequently high HSN (0-60 

cm ) levels resulted from these treatments (Fig. 2 - 2 ) .  

Residual soil nitrate was higher i n  the MP system 

compared to the reduced tillage systems (Fig. 2 -1 and 2-2. )  

This probably reflects greater mineralization in the MP 

s y s t em and supports previous research (Dowdell et al., 

1983 ) .  The differences between RSN levels were greater 

followin g  oats than followin g  corn particularly at high FN 

rates ( Table 2-2 ) .  Corn was generally able to extract more 

N from the soil profile than oats. Moist soil conditions at 

the 0-60 cm depth throughout the summer of 1984 and greater 

N uptake by corn favored depletion of soil N by corn. 

Residual soil nitrate levels followin g  oats from the 

60-120 cm depth were relatively low in 198 2  and 198 3  

co pared to 1984 (Fig. 2- 2 ) .  I n  1984, RSN from the 0-60 cm 

depth was high at plantin g (RSN followin g  corn 1983 ) .  The 

ext re ely wet weather leached N deeper in the soi l profile 
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T a b l e  2 - 2 .  C o m p a r i s o n  o f  r e s i d u a l s o i l  n i t r a t e  f r o m t h e 
0 - 1 2 0  cm d e p t h  i n  c o r n a n d  o a t s w h i c h r e c t c v R d  
h i gh f e r t i l i z e r  r a t e s , E . C .  s i t e .  

T i l l a g e  

M o l db o a r d  p l ow 

R e d u c e d  t i l l a g e #  

d i f f e r e n c e  

R e s i d u a l s o i l  n i t r a t e  ( f a l l ) 

1 9 8 3  

O a t s  C o r n  

- - - - - - - - - - - - - - - k g 
1 6 7 l o 7 

1 2 1  1 3 5 

4 6  

U H 3 4  

O a t s  C o r n  

" /  h a - - - - - - - - - - - - -

1 8 0 7 7  

1 0 8 

t H  

F e r t i l i z e r  r a t e s -= l 7 0 , a n d  1 1 2 k g  1 / h a  , i. n  1 9 8 '1 a n d  l �i B - t , 
r e s p e c t i v e l y  f o r  b o t h  c o r n  a n d  o a t s . 
# A v e r a g e  o f  n o- l i l l  a n d  c h i s e l  p l o w s y s e m s  i n  c o 1 · n  a n d  

t h e d i s k a n d  c h i s e l  p l o w s y s t e m s  i n  o a t s . 
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as indicated by other data, not presented here. 

Results from both corn and oats showed no gr eate r 

accumulation of RSN at the 60-120 cm depth from the r educed 

tillage systems compared to the MP system. This indicated 

no increased leaching of N from the r educed tillage systems 

( from inc r eased infiltration of wate r) as p r eviously found 

( Thomas et al. , 1973). 

Residual soil nitrate was lower in plots which 

recieved injected N compared to topdressed N (Fig. 2-3). 

The diffe r ence in RSN values between topdressed and injected 

N treatments increased from 1983 to 1984. S eve ral 

possibilities for this difference have be en conside r ed. The 

applicator for injected N was calibrated a numbe r of times 

with no apparent problems and fertilize r used in the 

experiment was in agre ement with the calculated amount .  A 

detailed soil sampling exce rcise indicated that no N spatial 

distribution patte rn existed ( f rom i u j ected N tr eatments), 

and analysis of the UAN solution indicated cor rect N 

content. S ince it 

levels occurred , 

is not known wh y the diffe r ence in RSN 

r esults from injected tr eatments will not 

be pr esented in this pape r. It should be noted that once 

the lowe r RSN levels in the injected tr eatments we r e  taken 

into account, the re was little effect of N placement on corn 

grain yield, silage yield, or total N uptake. 

Pr eliminary regression analysis indica ted tha t FN 
2 2 

and RSN (0-60 cm) and their squared terms (FN and RSN ) 



.-
I 
C 

.s::. 

z 

� 

w 
� 
� .... 
z 

..... 

0 
V) 

..... 
< 
:::> 
C -
V) 
w 
� 

-w 
(!) 
< ..... 

0-60 cm depth 60-120 cm depth ..... -.... 
C ■ Topdre s s e d N 

z • Inj e c t e d  N 

< 

V) 

z 
0 -.... 
< .... 
0 
� 

LL 
0 50 100 5 0 100 
w 
> 

h a·1 <( FERT I L IZER  N A P P L I E D  kg N -

F i g u r e  2 - 3 . R e s i d u a l  s o i l  n i t r a t e  r e s u l t i n g  f r o m  t o p d r e s s e d 
o r  i n j e c t e d . a p p l i e d i n  1 9 84 , E . C .  s i t e 

5 4  



55 

significantly influenced corn grain yield, silage yield, and 

total N uptake. Adding RSN (60-120 cm) to the models did 
2 

not significantly increase the R , and was therefore not 

used in statistical analysis. It was not possible to 

separate the efficiencies of FN and HSN (0- 60 cm) due to 

confounding, so they were treated as one variable FN+RSN 
2 

(and FN+RSN ). Regression analysis was performed on corn 

grain yield, 

of variables 

silage yield and total N uptake with a number 

(Table 2-3). 

Corn D ev elop■ent and Grain Yield 

Corn grain yields in 1983 and 1984 averaged 7. 6 Mg 
-1 

ha at the highest FN rate. This grain yield is well above 

average for east central South Dakota. Corn grown under MP 

tillage was generally taller and produced more vigorous 

early season growth than under reduced tillage (CH and NT). 

In 1983, 2 6  days after emergence shoot dry weight was 70 and 

87% greater with MP tillage than with NT for the highest FN 

rate and the check treatment, respectively. Plant height 

differences were less pronounced but followed the same 

pattern as the shoot dry weight. Leaf area measurements 

taken in 1983 indicated that similiar leaf area was 

aintained for all tillage systems at the highest FN rate 

( Fig. 2 -4 ) . In contrast the corn grown in MP check plots 

had markedly greater leaf area as the season progressed 

co pared to the reduced tillage systems ( F i g. 2 -4 ) . This 

difference in vegetative growth was related to the more 
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Y = 5 4 . 3  • 0 . 6 6 6  t F N + R S  ) 
2 

- 0 . 0 0 1 1 0 ( F N + R S N ) • 1 8 . 0  ( � P l 

- 0 . 1 2 94 ( F N+ R S N )  ( 1 9 8 4 = 1 ) 

0 . 8 5 9  

- 2 9 . 7 ( MP ) ( l 9 8 4 = 1 )  - 1 0 . 2  ( C H ) ( l 9 8 4 = 1 )  

+ 0 . 1 7 8 ( FN+ R S N ) ( M P ) ( l 9 84 ) 

r N + R S N = f e r t i l i z e r  � · r e s i du a l s o i l  n i t r a t e � - o O  c m  
M P = m o l b o a r d  p l ow ( dummy v a r i a b l e = ! ,  o t h e r  t i l l a ge  s y s t e m s = O ' 
C H = c h i s e l  p l o w ( dummy v a r i a b l e = ! , o t h e r  t i l l a g e  s y s t e� s � O  
y e a r = l 9 8 4  < d ummy  v a r i ab l e  1 9 8 4 = 1 ; 1 9 8 3 = 0  
0 . 1 0 l e v e l  o f  e n t r y w a s  r e q u i r e d  f o r  e a c h  v a r i a b l e  



5 7  

42 
FN= l 7 0  kg N/ha FN=O kg N /ha 

3 8  

34  

3 0  

0 
0 2 6 ,-! 

>c: 

22  

1 8  
� MP ■ 

co CH .& 
NT e � 

14  

1 0  

6 

50  60 70 so 60 70  

Days After Plan t ing 

Figure 2 - 4 . The e f fects of  mol dboa r d  p l ow ( MP ) , ch i se l  
plow ( C H ) , an d no-t il l ( N T )  til l age an d 
fer t i l i zer  N ( F ) on l e a f area , E . C .  site 1 98 3 . 
Measu remen ts are for a pe r p l ant basis an d 
represent the mean of  twenty obse rv at ions . 
B rackets in d i cate t he s t an dar d e r ror of t he 
mean ( Cou rtesy of T . E .  Sch umache r ) .  
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pronounced ni trogen deficiency symptoms observed i n  the corn 

grown under reduced tillage . 

Higher corn grain yields occurred under the MP system 

than under the CH and NT systems at low FN+RSN levels in 

both years (Fi g .  2-5) . This difference likely resulted from 

greater mineralization under the MP system . Greater FN+RSN 

was needed i n  the CH system to overcome possibly lower N 

minerali zation rates . Deni tri fication was probably not 

significantly different between tillage systems in 1983 , 

because the spring of 1983 was substantially drier than the 

spring of 1984 (Table 2-4) . Corn grain yield from the NT 

system was lower than the MP and CH systems even at high 

FN+RSN levels . Annual grassy weeds were a problem i n  the NT 

system due to lack of rainfall for herbi ci de acti vation and 

may have lowered yields somewhat i n  1983 . 

Corn grown in the MP system yielded more grain than 

the reduced tillage systems i n  1984 . Soil condi ti ons were 

extremely wet in 1984 . A water table was wi thi n 1 m of the 

soil surface until mid-August (Chapter I) . Bulk density 

measurements indicated si miliar patterns among ti llage 

systems i n  1983 (Table 2-5) . The higher bulk densities i n  

1984 reflect ti llage and traffic which occurred at hi gher 

water contents than in 1983 . The MP tillage tended to lower 

the bulk densi ty in the plow zone unaffected by traffi c. 

This may have i ncreased early season growth i n  the MP system 

during periods of high soi l water content by affecti ng root 



8.0 
T""""-1 

I 

Cd 
..c: 

7.0 
r--,.. 

N 
::c: 

1.1""1 6.0 
T""""-1 
..._,, 

w 
H 5.0 � 
z ·  
H 

� 
4.0 

0 u 

3.0 

Figure 2-5 . 

59 

1983 1984 

MP 
CH  
MP 
NT 

100 200 100 200 300 

FN + RSN kg N ha·1 

Corn grain yield under moldboard plow (MP ) , 
chisel plow (C H ) ,  and no-till (NT ) systems as 
affected by fertili zer N (FN ) p l us residual 
soil nitrate (RSN ) (derived from Table 2- 3 
equations ) , E . C .  site. 



T ab l e  2 - 4 .  G r ow i n g  s e a s o n  p r e c i p i t a t i o n a t  E . G .  s i t e .  

M o n t h  

A p r i l  
Ma y 
J u n e 
J u l y 
Au gu s t 
S e p t emb e r  

1 9 8 3  

P r e c i p i t a t i o n 
1 9 84 L o n g- t e r m  

A v e r a g e 

---- - - - - - - - -- - mm- - - - - - - - - - - - - - -
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6 0  1 7 4  J 1 2  

5 6  4 7 2  

3 9  1 6  8 0  
1 s  s o  � o  

6 0  



61 

T ab l e  2 - 5 .  B u l k  d e n s i t y f r om w h e e l - t r a c k , n o n - w h e e l - t r a c k , a n d  
r ow a r e a s , E . C .  s i t e .  

T i l l a g e  
d e p t h  MP  C H  · r  

W T  Row NWT W T  R o w  N W T  W T  R o w  NWT  

c m  - - - - - -------------- - - - - - Mg / m 3  - - - - - - - -- - - - - - - ----- - - -
1 9 8 3  

0 - 1 0  1 . 2 5 1 .  1 2  1 . 0 1 1 . 2 6 1 . 0 7 1 . 0 1 1 .  3 2  1 .  i J  

1 0 - 2 0  1 .  1 9  1 .  1 6  1 .  1 1  1 .  1 8  1 .  1 4  1 . 1 1  1 .  2 3  l .  l 7 

1 9 84  

0 - 1 0  1 .  4 1  1 . 2 6 1 .  1 5  1 .  4 0  1 . 2 3 1 .  2 4  1 . -!  1 1 . 3 0 

1 0 - 2 0  1 .  3 6  1 . 2 2 1 .  2 5  1 .  3 7  1 .  3 5  1 .  3 0  l .  3 8  1 .  3 5  

2 0 - 3 0  1 .  2 8  1 .  3 0  1 .  2 8  1 .  2 9  1 .  3 0  1 . 3 4 1 .  3 1  i . :n 

L e a s t s i gn i f i c a n t d i f fe r e n c e = 0. 0 6  an d 0 . 1 1  i n  1 8 8 3  a n d  1 9 8 4  
r e s p e c t i v e l y .  
( C o u r t e s y  f r o m D r .  Tom S c h um a c h e r )  

1 .  0 7  

1 .  l 0 

l .  2 5  

1 .  3 �  

l .  ::! 6  
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zone aeration. Standing water was obse rved mo re frequently 

in the reduced tillage systems . Corn grain yield under 

the CH system was lower than under the NT system at high 

FN+RSN levels ( F i g .  2-5 ) . Howeve r , two of the four plots in 

the CH system which recieved the highest FN rate we re 

flooded fo r several days in June . These plots yielded 

poo rly and lowered the regression line. A negative 

relationship between soil water d rainage and no-till corn 

yield has been observed ( Dick and Van Do ren 1985). 

Corn S i l age Yield 

Silage yields were higher under the MP system than 

unde r reduced tillage systems in 198 3 , especially at low 

FN+RSN levels (Fig. 2-6). At high FN+RSN levels the 

reduced tillage systems yielded si ilia r to the MP system. 

In 1984 , 

three 

Nitrogen 

the trend was reversed as silage yields for the 

s ys t ems converged at low FN+RSN levels. 

ineralization 

tillage s ys t ems in 1984. 

higher in the MP syste . 

ay have been similiar between 

The yield potential in 1984 was 

The corn in the MP system yielded 

more grain and ore total vegetation than co rn in either the 

CH or NT syste s .  

N Up t ake 

(Fi g. 

Nitrogen uptake was higher in the MP system in 1983 

2-7). So e luxury consumption of N ay have occurred 

in 198 3 because silage yields maximiz ed nea r the 200 kg 
-1 

ha FN+RSN level and total N uptake did not. Earleaf N 
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1983 
MP 

1984 MP 

100 200 100 200 300 

FN + RSN kg N ha-1 

Total N uptake by corn unde r  moldboard p l ow 
(MP ) , chisel p l ow ( C H ) , and no-til l ( NT )  
systems as affecte d by fe rtiliz e r  N ( F N )  plus 
r esidual soil nitrate ( RSN ) ( de rive d from 
Tab l e 2- 3 equations ) ,  E . C. site . 
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contents at silking (Fig. 2-8 ) also indicate high 

consumption of N in 1983 in contrast to 1984 at high FN+RSN 

values . Total N uptake in the MP system was greater 

relative to reduced tillage systems at high FN+RSN levels in 

1984 . This closely reflects grain yield patterns at high 

FN+RSN levels in 1984 (Fig. 2-4 ) . No increased N uptake was 

seen from check plots which were knifed. The small 

disturbance of soil from the knifing operation did not cause 

an increase in plant available N. 

Nitrogen mineralization seemed to be an important 

factor in N uptake between the tillage systems. Since 1983 

was a dry year, assumptions can be made that no leaching and 

little denitrification occurred. Therefore, by adding 

postseason nitrate (nitrate following the crop ) to N uptake 

of the check plots and subtracting preseason nitrate 

(nitrate following previous crop ) apparent N mineralization 

can be calcu lated. Apparent N mineralization was slightly 

higher in corn compared to oats in 1983 (Table 2-6). Oats 

residue in corn seemed to have decomposed at a faster rate 

than corn residue in oats. Cultivation in corn plots a lso 

stimulated greater N inera lization in corn. The uniform 

disking of all tillage syste s in oats ay have dampened 

the differences between ti l lage systems that are evident in 

corn. Generally ore N was ineralized in the MP system 

during both corn and oat cropping. Mixing of the surface 

residues are likely responsible for greater ineralization 
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T able 2 -6. 

Kn i f e 
T reatmen t 

N o t  kni f e d  
Kn i fed 
A v e .  

Not k n i fe d  
Kn i fed 
A ve . 

A v e . 

Nitr ogen u ptake f r om c heck  p l ots an d app a r e n t 
m i neral i z ati on rates i n  c or n  and oats , E . G .  
s i te. 

C orn  O ats 

N T  ( D K ) @  C H  M P  D K ( N T )  C H  M P  

N up take f r om c heck  p lots 
-------------- ----k g/ h a------- - --------- - - - - - -

19 8 3  
6 4  7 3  9 1  4 3  4 6  --1 9  
7 8  6 9  7 9  4 8  5 6  5 0  
7 1  b 7 1  b 85  a 4 5  a 5 1  a 5 0  a 

1 9 84 
5 8  54 6 7  4 8  5 6  ... ') 

( ... 
5 2  5 9  65  4 3  4 7  6 1  

5 5  b 5 7  ab 6 6  a 5 1  a 5 1  a 6 6  b 
Ap p a ren t N M i ne r al i z at i on , 1 9 8 3  

6 9  84 1 0 5 6 9  7 8  8 1  

L e ast si gn i f i c an t  d i f f e ren c e  of means= ll ( c or n ) an d b 
( oa ts) at the 0 . 0 5 le v e l .  Means fol l ow e d  b y  t h e sam e  l e t t e r 
a r e  n ot s i gn i f i can tly d i f fe r e nt at th e 0 . 0 5 l e v e l . 
@ The N T  system was d isk e d  ev e r y  other y e a r  be for e p l a n t i n g  
oats .  
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in the MP system. Apparent N mineralization rate in the CH 

system was intermediate between MP and NT systems. Chisel 

tillage does not ix the soil as well as MP tillage but more 

than NT ( DK-oats) . The results indicated that organic matter 

decomposed at rates 2. 4, 2 . 0, and 1. 6� in MP, CH, and NT 

systems , respectively in 1 9 84 ( assumes soil weight of 
-1 

2 , 000 , 000 kg ha , o rganic matter content of 3. 2% , and 0. 067 

kg N pe r kg O . M. ) .  

Assumptions of no leaching and little 

denitrification can not be confidently made in 1 984 because 

of the heavy rainfall in June .  However, N uptake from check 

plots indicate that N mineralization was probabaly greater 

in the MP system in both corn and oats (Table 2-6). The 

regression lines fro total N uptake (Fig . 2-7) do not 

necessarily support higher N uptake from check plots of the 

MP system . But RSN was taken into conside ration in the 

regression equation , 

regression lines . 

and leaching could have altered the 

Knowledge of the timing of N mineralization can be 

obtained fro N uptake data. 
-1 

In 1 983 approximately 20-30 kg 

N ha was mineralized late in the season after oats had 

atured as evidenced by the g reater N uptake in co rn 

compared to oats (Table 2-6). Several rainfalls in late 

July and August in 1983 (Table 2-4) were likely responsible 

fo r this ineralization. In 1 9 84 little N mineralization 

see ed to occu r afte r oats ha rvest , because N uptake was 
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similiar for both crops (Table 2 - 6 ) . Almost 
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no 

precipitation occurred from June to late September in 1984 

( Table 2 -4 ) . These conditions we re unfavorable for late 

season mineralization. 

Nitrogen requirement varied between tillage systems 

and years ( Table 2-7 ) .  The CH system was the highest and 

lowest yielding s ys t em in 1983 and 1984 with the highest and 

lowest N requirement, respectively. Average FN+RSN 

requirements were quite si iliar for the three tillage 

treatments , but FN requirements were lower under the MP 

s ys t em .  This was probably due to greater N mineralization 

rates in both years, lower denitrification rates (Chapter I )  

and higher preseason RSN levels in 1984. Lower FN+RSN 

require ents per Mg corn grain yield in the MP system were 

due to the low FN+RSN requirements at optimum yield and the 

high optimu yield averages in contrast to the reduced 

tillage systems. 

C o n c l us i on s  

Altering tillage can have a marked effect on the RSN 

level of soils. High RSN amounts were achieved through ore 

intensiv e  tillage, and are lik ely due to greater N 

mineralization rates. The differences in RSN levels between 

tillage syste s were accentuated following an oat crop 

co pared to following a corn crop . 

Corn grain yields were highest in the CH syste at 

sufficient FN+RSN levels in 1983. Co rn grain yields were 
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Tab le 2 - 7 .  N i trogen requirement for corn , E. C. s i te. 

ti l lage opt imum percent of FN+ R SN F N  FN+RSN req . /  
yie l d yie l d  max . requi red req. Mg corn grain 

Mg/ ha --- k g/ ha---
1983 

MP 7 . 5 2  98 15 2 128 2 0. 2  
C H  7 .96 99 2 10 180 2 6 . 4 
NT 6 . 95 97 15 2 128 2 1. 9 

1984 
MP 8. 08 99 2 2 1  100 2 7 . 4 
C H  6 . 4 5  99 169 88 2 6 . 2 
N T  7 . 5 1  99 2 2 1  12 1 29 . 4 

Average 
MP 7.80 99 187 114 2 3 . 8 
C H  7 . 2 1  99 190 13 4 2 6. 3 
NT 7 . 2 3  98 187 12 5 2 5 . 7  

O p t imum yield was determined us i n g  t he regres s ion equat ion in 
Tab le 3 for corn grain yie l d  comb ined w i t h  a cos t re t urn ratio 
of 2 15 : 1  ( ret urn for corn grai n/ M g : cos t of N fert i l i zer/ kg) 
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lowest under the NT system in 1983. In 1984, corn under the 

MP system yielded significantly higher than under reduced 

tillage. Higher soil bulk densities (in the row) and longer 

periods of standing water may have lowered yield of the 

reduced tillage systems. Rotating corn with oats did not 

seem to alter the propensity for the reduced tillage systems 

to yield less than the MP system in a wet year at this 

specific site. Lower FN requirements for corn under the MP 

system probably resulted from greater N mineralization rates 

and lower denitrification rates compared to the reduced 

tillage system. However, FN+RSN requirement was the same for 

all tillage systems because of slightly lower optimum yields 

under reduced tillage. These results indicate the importance 

of measuring profile nitrate levels under reduced tillage. 

The major portion of fertilizer N adjustments required when 

tillage is reduced appears to be reflected by the nitrate 

soil test in areas where significant amounts of N are not 

leached from the profile. Additional research is needed to 

determine if soil nitrate interpretations should be altered 

due to tillage system. 
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Chapter I I I  

Influence of Til lage and Nitrogen on Corn and Oats Grown i n  
Rotati on .  I I . Oats response 

Abstract 

Oats (Avena sati va L. ) were grown in rotation with 

corn on a Poinsett silty clay l oam soil (Ud i c  Haplaboroll, 

f ine-s ilty, mixed) in east central South Dakota. Three 

t i llage systems were used; moldboard plow (MP) , chisel plow 

(CH), and disk (DK). N itrogen was applied at four levels 

(includi ng a check) as topdressed ammoni um n itrate. All 

systems were d isked tw ice to i ncorporate corn resi due and 

topdressed N. Oatlage yield was s i gn i f icantly h i gher in the 

CH and DK systems in 1983 and s ign ificantly lower in 1984 

than oatlage yield from the MP system. Oat grai n  yields 

were not s ignificantly affected by t i llage i n  1983. Hot dry 

weather occurred at anthesi s  i n  1983 and probably nullified 

any y ield advantages that the CH and DK systems had at the 

t i me of oatlage harvest. Oat grai n  yield was s i gnif icantly 

higher i n  the MP system compared to the DK and CH systems in 

1984. Although there were no d i st i nct growth d ifferences 

duri ng 1984 , there was less stand i ng water i n  the MP system 

duri ng heavy rainfall peri ods i n  June. No sign ificant 

di fference in apparent N mineral i zat ion rates were ev ident 

between t illage treat ents i n  1983. N itrogen uptake from 

check plots was signi ficantly h igher in the MP system 

co pared to the CH and DK system in 1984, but leach ing 
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precluded apparent N mineralization estimates. Oats grown 

under reduced tillage required more FN+RSN than oats under 

MP tillage . Results suggest that more nitrogen should be 

recommended for oats grown under reduced tillage than under 

MP tillage for at least two years after changing from 

conventional to reduced tillage. During the study the CH 

and DK systems performed quite si ilarly. 

I ntroduction 

South Dakota ranks first in the U.S. in oat (Avena 

sativa L.) production with 703 , 000 hectares planted in 1984 . 

Little research has been conducted on oats to determine the 

affects of tillage on yield. Ha ilton and Lessard (1963) 

found a large response to nitrogen by oats , but no tillage x 

N interaction . The tillage treat ents were disking, 15-cm 

plowing, 30-cm plowing, and 60-cm plowing. Dick and Van 

Doren (1985) found consistantly higher oat yields under no-

till compared to conventional tillage on a well drained soil 

during a 20 year period. However, 

occurred on a poorly drained soil. 

tillage studies done with wheat. 

the opposite results 

There have been several 

Wheat grown under NT has 

outyielded wheat grown under conventional tillage in some 

cases (Fredrickson et al., 198 2 ; Vaidyanathan and Leitch , 

1980 ; Farooqi, 1983) This is generally attributed to the 

oisture conservation of NT syste s (Farooqi , 198 3). 

Decreased wheat yields have been reported under reduced 

tillage in wet years (Farber 1984). The decreased wheat 
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yields under reduced tillage ha v e  been attributed to 

increased phytotoxin activity and poor 

characteristics of soil under reduced tillage. 

physical 

Wheat yield 

has also been unaffected by tillage (Cochran et al. , 1982) 

Higher N requirements have been observed for wheat growing 

under reduced tillage ( Vaidyanathan and Leitch , 1980). 

Banded N was reported to be more efficient in NT systems 

compared to surface applied N (Reinerstsen et al. , 1982). 

This study was established in 1982 to : 1) compare 

yield potential, mineralization rates, and N requirement of 

oats grown under chisel plow ( CH) , disk (DK), and moldboard 

p l ow ( MP )  syste s ,  and 2) to determine the suitability of 

existing soil nitrate interpretations for oats grown under 
• 

reduced tillage. 
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Material s and Methods 

Fie ld expe r iments were conducted at the east centra l 

s ite on a Poinsett s ilty clay loam soil. P roperties of the 

Poinsett soil were discussed in Chapter II. Corn was 

planted in the p receeding year ' s  oat stubble and oats were 

planted in the preceeding yea r ' s  co rn stubb le. Three 

tillage systems were employed for each crop ; MP, CH, and DK. 

The tillage variable was established in 1983. Primary 

tillage was done in the sp ring of 1983 (due to a wet fall in 

1982) and in the fall of 1983. All p lots planted to oats 

were disked once to reduce corn residue after N had been 

topd ressed. Residue cover easured 9, 30, 36� for MP, CH, 

and DK syste s, respectively. Nitrogen was applied · at three 

rates as either topdressed am onium nitrate (AN) or  injected 

urea-ammonium n itrate (UAN) several days before planting . 

Nitrogen was injected approxi ately 10-15 c into the soil 

with a applicater having 45 cm between knives. Check plots 

for injected N treatments were knifed without applying 

fertilizer. Plots ■easured 11 x 5.5 . 

Oats (Moore 1983, Lancer 1984) were planted in the 

first week in May. Triple super phosphate was applied at a 
- 1  

r ate of 1 8  kg P ha at planting. No other ferti lization 

except nitrogen was predicted by soil tests . Weeds were 

controlled 

Bronate . 

198 3 and a 1 

with separate app lications of Mowdown 
2 

and 

Oatlage was harvested fro a 0 . 67 
2 

a rea in 

area in 1984 . Grain was harvested from 10 . 5  
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2 
m of plot area. 

Four soil samples from the 0-60 cm depth and three 

from the 60- 120 cm depth we re taken from each plot in the 

fall to determine residual nitrate concentration. 

nitrate concentration was determined using a 

specific ion electrode . 

Soil 

nitrate 
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Results and Discussion 

This site was characterized by hot dry weather in 

1983, and cool wet weather in 1984. Precipitation has been 

reported in Chapter II. Oat grain yield was greatly reduced 

in 1983 by hot weather which occurred at anthesis. 

Temperatures were as high as 42 C during this period. Stem 

and rust (Puccinia graminis Pers. f. sp. 

Henn. )) and leaf rust (Puccinia coronata Cda. 

(Eriks. and Henn. )) 

both years. 

also likely reduced yields somewhat in 

Residual S oil N i trate 

Residual soil nitrate (HSN) levels have been 

reported and discussed in Chapter I I. Injected N 

treatments were eliminated from oat data for reasons 

discussed in Chapter II. Preliminary regressi on analysis 

results indicated that both fertilizer N ( F N ) , and HSN to a 
2 

depth of 60 cm and their respective squared terms, (FN) and 
2 

(HSN ) , significantly influenced yield Residual soil 

nitrate from 60 -120 cm did not significantly influence 

yields and was not used i n  statistical analysis. Since the 

efficiency of FN and RSN (from 0 -60 cm) could not be 

separated, due to confounding, they were treated as one 
2 

variable FN+ RSN (and (FN+ RSN) ). Regression analysis was 

performed on the dependen t variables oat grain yi eld, 

oatlage yield, and total N uptake, using a number of 

independent vari ables (Table 3-1 ) . Quadratic models 
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T ab l e 3 - 1 .  S t e pw i s e  r e g r e s s i o n a n a l y s i s  o n  o a t  y i e l d  p a r am e t e r s  
a t  E . C .  s i t e . 

d ep e n d e n t  v a r i ab l e e q ua t i o n 

o a t  g r a i n  y i e l d  Y =  1 . 4  + 0 . 0 1 7 1 1 ( FN + R S N )  - 0 . 0 0 0 0 5 4 7  
2 

M g / h a  

o a t l ag e  y i e l d 

a t  6 0 �� m o i s t ur e  

t o t a l  N u p t ak e 

k g / h a  

( FN + R S N ) + 0 . 4 8 ( 1 9 8 4 = 1 )  + 0 . 0 0 0 0 8 3 8  
2 

( FN + R S N )  + 0 . 6 0 ( MP = l , 1 9 84 = 1 )  

- 0 . 0 2 64 5 ( F N + RS N ) ( 1 9 84 = 1 )  

Y = 8 . 64 + 0 . 0 9 1 3 ( FN+ RS N )  - 0 ,0 0 0 2 3  
·2 

( FN+R S N ) - 1 . 8 7 ( 1 9 8 4 = 1 )  + 2 . 2 1 

( MP = l ) ( l 9 84 ) - 0 . 0 0 7 3 7 ( F N+ R S N ) ( M P = l  1 

Y = 4 2 . 9  + 0 . 6 5 6 ( F N+ RS N )  - 0 . 0 0 1 4 4 8 
2 

( FN + RS N ) - 1 5 . 5 5 ( 1 9 8 4 = 1 )  T 

') 

R 

0 .  7 9 2 

0 . 6 3 8  

0 .  7 2 9  

1 5 . 1 4 ( M P = 1 ) ( 1 9 84 = 1 )  - 0 . 0 4 8 ( M P = l ) t f � + R S N > 

FN+S N = f e r t i l i z e r  N + s o i l n i t r a t e  N- 6 0  c m  
M P = m o l b o a r d  p l o w ( dummy v a r i a b l e = l ) ( dummy v a r i ab l e = O f o r r e d u c e d  
t i l l a g e ) 
y e a r = l 9 84 ( dummy v a r i ab l e  1 9 8 4 = 1 ; 1 9 8 3 = 0 ) 
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generally fit the data well because o f  yield depressions at 

higher FN+RSN levels due to lodging. 

Oatlage Yield 

Oatlage yield was lower in 1984 than in 1983 (Fig. 

3- 1 )  even though 1984 was a wet year. Due to the rust 

infestation encountered in 1983 on Moore oats, Lancer oats, 

Lancer is a a more resistant variety, was used in 1984. 

shorter earlier maturing oat variety than Moore and was 

responsible 

were lower 

systems in 

for the lower oatlage yields. 

in the MP system compared to 

1983 (Fig . 3-1). The dry 

Oatlage yields 

the CH and DK 

weather in 1983 

probably gave an advantage to the reduced tillage systems 

which generally conserve water over the MP system (Farooqi, 

1983 ) .  The trend was reversed in 1984 as conventional 

tillage gave significantly higher oatlage yields than 

reduced tillage. Oatlage yield data from 1984 indicate a 

slightly higher yield potential in the MP system. Although 

no distinct growth differences were 

systems, the MP system had less 

periods of heavy rainfall in June. 

Grain Yiel d  

observed between tillage 

standing water during 

There was no difference in grain yield between 

tillage treatments in 1983 (Fig. 3 -2 ) . The oatlage yield 

advantage of the reduced tillage systems seemed to be 

negated by the hot dry weather which occurred at anthesis. 

Oats grown under the MP system may have matured earlier than 
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Oatlage yield under moldboard plow (MP) , 
chisel plow (CH) , and disk (DK) systems as 
affected by fertilizer N (FN) plus residual 
soil nitrate (RSN) (derived from Table 3-1 
equations) , E. C. site. 
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oats under the reduced tillage systems because of possible 

moisture differences between tillage systems (more stress in 

the MP system). 

observations. 

However, this was not obvious from heading 

Earlier maturation could have helped oats in 

the MP system avoid some drought stress . In 1984, grain 

yield was higher under the MP tillage treatment than reduced 

tillage (Fig. 3-2). Since the regression lines did not 

intersect, oats grown in the MP system may have had a 

slightly higher yield potential than oats grown in the 

reduced tillage systems. This follows the same trend as 

oatlage yield in 1984. Lodging reduced oat grain yield at 

high N rates, especially in 1984. Visual lodging notes 

indicated more severe lodging in the MP system at low FN+RSN 

levels (Fig. 

system was 

3-3). Higher N mineralization rates in the MP 

likely responsible for the greater lodging in 

1984. 

Tot a l  N Up t ak e  

Total N uptake was higher in the reduced tillage 

systems in 1983 at high FN+RSN levels (F ig. 3-4). Dr ier 

soil conditions and less vegetative growth apparently 

total N decreased N uptake in the MP system. In 1984, 

uptake was higher in the MP system than in the reduced 

tillage systems (Fig. 3-4) . The higher oatlage yield 

potential, higher N mineratization rates and a better 

rooting environment in the MP system likely caused th is 

difference. 
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Total N uptake by oa t s  under moldboa rd plow 
(MP ) , chisel plow (C H ) , and disk ( D K )  systems 
as affected by fer tiliz er N (FN ) plus residual 
s oil nitrate (RS ) (derived from Table 3 -1 
equations ) ,  E . C .  site. 



kg N ha 

87 

Apparent N mineralization rates were 69, 78, and 81  
-1 

from DK, CH and MP systems, respectively in 1983 

(Chapter II). Apparent N mineralization seemed to be 

proportional to the intensity of tillage. Better soil 

aeration and mixing of crop residues under CH and MP 

systems likely stimulated N mineralization compared to the 

DK system. The results indicate that approximately 1. 6, 1. 8 

and 1. 9 % of soil organic matter decomposed in DK, CH, and 

MP systems respectively (assumes soil weight of 2, 000, 000 kg 
-1 

ha O. M. content of 3. 2%, and 0. 067 kg N per kg O. M. ). 

However, it is evident that much of the apparent N 

mineralization occurred after the oat crop had matured in 

1983 (Chapter II). Nitrogen uptake, oatlage yield and grain 

yield all confirm that the MP system did not supply more N 

to the oats than the reduced tillage systems during the oat 

grow i ng season. Apparent N mineralization rates could not 

be calculated in 1984 because of possible N losses from 

leaching. Nitrogen mineralization was probably also greater 

in the MP system in 1984 as evidenced by significantly 

higher N uptake of check plots under MP tillage (Chapter II 

Table 2-6) . No significant difference in N uptake were 

observed between check plots which were knifed compared to 

those that were not knifed (Chapter II Table 2-6) . The 

knifing operation apparently did not stimulate N 

ineralization. 

Nitrogen requirement for optimum yield was the same 



for all tillage systems in 1983 
-1 

requirement in 1984 was 28 kg ha 

tillage systems than the MP 

88 

(Table 3-2) . Nitrogen 

higher under the reduced 

system. Greater N 

mineralization and possibly less denitrification (Chapter 

II) in the MP system in 1984 may account for the lower FN 

requirement. Nitrogen required per Mg of oat grain was lower 

for the MP system because of lower N requirement (at optimal 

yield) and slightly higher optimum yield of the MP system. 

The results suggest that more N should be recommended for 

oats grown under reduced tillage for at least two years 

following a switch from conventional tillage. However 

additional research is needed to determine if these results 

consistantly occur. 
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T ab l e  3 - 2 .  N i t r o g e n  r equ i r em e n t  f o r  o a t  g r a i n , E . C . s i t e , 

T i l l a g e  O p t i m um P e r c e n t o f  
Y i e l d  Y i e l d  M ax . 

M g/ ha ·O 

MP , C H , N T 2 . 6 7 9 7  

M P  3 . 6 1 9 8  
C H  3 . 3 8 9 7  
NT  3 . 3 8 9 7  

M P  3 . 1 4 9 8 
C H  3 . 0 3 9 7  
N T  3 . 0 3 9 7  

F N + R S N F N  N r e q u i r e d / M g  
R e qu i r e d  R� q u i r e d O a t  G r a i n  

- ----------- k g / h a - - -----
1 9 8 3  

1 2 0  
1 9 84 

1 1 3  
1 4 1  
1 4 1  

Av e r a g e  
1 1 7 
1 3 1  
1 3 1  

94  

3 7  
6 2  
6 2  

6 6  
7 8  
7 8  

44 . 9  

3 1 . 3 
4 1 .  7 
4 1 . 7 

3 8  .. 1 
4 3 . 3  
4 3 . 3  

Op t i m um y i e l d  w a s  de t e rm i n e d  u s i n g  t he r e g r e s s i o n e q ua t i o n  i n  
T a b l e  2 f o r  c o r n  g r a i n  y i e l d  c omb i n e d  w i t h a c o s t r e t u r n  r a t i o  
o f  2 5 0 : 1 ( r e t u r n  f o r  o a t g r a i n / M g : c o s t o f  N f e r t i l i z e r / k g � )  
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Effect of Tillage N Rate and Place■ent on Yield of 
Corn and S oybeans 

Abs t ract 

Continuous corn (Zea mays L.) was grown under 

moldboard plow (MP ) , till plant-ridged (TP )  and chisel plow 

( C H )  tillage systems. Corn was also grown in rotation with 

soybeans under MP , TP , and no-till (NT )  systems. Nitrogen 

was applied at four levels (including a check ) to corn as 

either topdressed ammonium nitrate or knifed urea-ammonium-

nitrate. Nitrogen was not applied to soybeans. Corn was 

planted on May 23 in 1983 , due to a wet spring, and on July 

6 in 1984, due to another extremely wet spring. Fertilizer 

N (FN) increased residual soil nitrate (RSN ) concentration 

following the continuous corn rotation in both 1983 and 

1 984. Soybeans depleted RSN if high amounts were present at 

planting. Tillage did not affect RSN levels in eithe r year. 

Injected N resulted in lower RSN amounts than topdressed N 

in 1983 , and approximately equal RSN amounts in 1984. 

Continuous corn grain and silage yields from the CH 

syste were significantly lower than TP or MP systems in 

1 983. However, in 1984 corn silage yield was significantly 

higher in the CH system. The reason for this is not known 

at this ti e. Nitrogen rate significantly influenced yield 

in both continous co rn and co rn following soybeans in both 

years. Corn silage yield was significantly lower from 
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injected N compared to topdressed N in the corn-soybean 

rotation in 1 984 . This likely occurred because injection of 

N was delayed until July and N was placed in dry soil. 

Soybean yields were significantly higher under the 

TP system compared to the MP and NT system in 1 983. This was 

probably caused by the ridges keeping the soybeans from 

being submerged during the heavy rainfall in June. In 1984, 

soybean yields under the TP system were significantly lower 

than the MP system. A heavier infestation of weeds in the 

TP system was likely responsible for the yield difference. 

Soybeans did not respond to RSN from the previous corn crop 

in either 1 983 or 1984 . 

Introduct ion 

The till plant (TP ) syste is one conservation 

tillage syste that has gained interest in recent years. 

Till planting involves planting on the preceeding year's 

ridge. The only preparatory operations are ridging by 

cultivation and chopping corn stalks in the fall. The major 

benifits of the TP system are that it places the seed in 

war er, drier soil which ay speed germination in a cool wet 

year, and it involves fewer tillage operations before 

planting compared to conventional tillage. 

The TP syste is not new. It originated in 1955 by 

Hurlbut and Wittmuss. Early results in 1960 showed average 

corn grain yields of the TP system were slightly higher than 

conventionally tilled syste s ( eb ext. bull B. C.  61-7 14) . 
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However, equipmen t problems and difficul ty con t rolling weeds 

were major d rawbacks. Better chemical control of weeds and 

new equipment have spu rred renewed in teres t 

system. 

in the TP 

U.S. 

The TP system has been utilized in the North Central 

Randall and Langer 
-1 

(1981) found sidedress 

applica tions of 84 kg N ha gave the highest N efficiency 

in corn g rown under the TP system. Injected anhydrous 

ammoni a  and surface spray urea-ammon i um nit rate ( U AN) 

applications resulted in reduced yield compared to urea, 

because of volatilization of N and poor soil re ten tion of 

ammonia. Randall et al. (1980) found corn yields of 

moldboard plowed ( MP )  t rea tmen ts grea ter  than TP , · chisel 

plow (CH, ) and no-till (NT) trea tmen ts. Corn from the N T  

system yielded significan tly less g rain than the o ther 

tillage systems. Schulte and Moncrief (1980) reported that 
-1 

co rn g rain yields were 1.25 Mg ha lower in a TP system 

than in a MP system. The difference was thought to be due , 

at least in part , to surface crusting in the TP sys tem from 

heavy early season rains. A rev i ew of the effects of 

tillage on corn has been presen ted in Chapter II. 

Touchton and Johnson (1982) repor ted no difference 

in soybean yield fro no-till (NT) , chisel plow (CH) , and 

oldboard plow (MP ) treat ents. Linde ann et al. (1982) 

found an average yield reduc tion of 22� fro NT soybeans 

compared to five other tillage treat ents. No difference in 
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number or activity of nodules was found between tillage 

systems. Yield differences were due to heavier competition 

from weeds in the NT system . 

An experiment was established to compare yield 

potential, N mineralization rates, N placement, and N 

requirement of : 1 )  a continuous corn rotation under CH, TP 

and MP tillage and 2 )  a corn-soybean rotation under NT, TP, 

and MP tillage. 
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Mat erials and Met hods 

Field experiments were conducted in southeast South 

Dakota on an Egan silty clay loam soil (Udic Haplustoll 

fine-silty, mixed ) . Egan soils are deep, well-drained 

soils formed in a mantle of silty sediments over loamy 

glacial till . 

in Table 4-1 .  

site . 

Selected soil characteristics are presented 

This site will be referred to as the S . E .  

A split plot design with four replications was used 

in each rotation . Main plots represented the tillage strips. 

Nitrogen treatments were the subplots . 

X 5 . 5 m .  

Subplots measured 11 

Three tillage systems were used i n  �ach o f  two crop 

rotations . Moldboard plow, CH, and TP systems were employed 

in a continuous corn rotation. No-till, MP, and TP systems 

were employed in the corn-soybean rotation . The tillage 

variable was established in 1983 . In the rotation study, 

corn was planted in the preceeding year ' s  soybean stubble 

and soybeans were planted in the preceeding year ' s  corn 

Nitrogen was applied at four levels (including stubble . 

checks )  as either topdressed ammonium nitrate ( AN) or 

injected urea-ammonium nitrate (UAN ) . Nitrogen was injected 

approxi ately 10-15 cm below the soil surface with an 

applicator having 45 cm between injector knives. Check 

plots for injected N treatments were knifed without applying 

fertilizer. itrogen was not applied to soybeans . Because 
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Table 4 - 1 .  Selected soil characteristics , E gan s o i l. 

Depth San d  Silt C lay OM pH K p E C 

cm - - - - - - - - -% - - - - - - - - - - -kg/ ha- mmh o / cm 
0- 15 18. 1 46. 3 35. 6  2. 7 6.6 648 23 0.5 
15-30 12. 8 44. 6 42. 6 
30-60 27 . 2  33. 2 39. 6 
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of varying operations in 1983 and 1984, methods of each year 

will be reported separately. 

1983 

Wet soil conditions delayed primary tillage until 

May 28. Nitrogen was injected at rates of O, 
-1 

71, 137, and 

168 kg N ha 

resulting RSN 

were 26, 95, 

in the continuous corn rotation on June 2. The 

( 60 cm depth) plus fertilizer N (FN) 
-1 

levels 

174, and 216 kg N ha Nitrogen was also 
-1 

injected at rates o f  0, 81, 146, and 207 kg N ha to corn 

following soybeans giving FN+RSN levels of 34, 
-1 

101, 168, and 

235 kg N ha Nitrogen was applied to topdressed N 

treatments on June 3 at the same rates giving the same 

FN+RSN levels as in injected N treatments. Moldboard plow 

and CH tillage systems were disked once after topdressing N 

but before planting. c Pioneer 3906 ' corn was planted in 91-

cm rows on June 2 in the continuous corn rotation and on 

June 3 in the corn-soybean rotation (harvest population, 
-1 

52, 000 plants ha ). ' Corsoy ' soybeans were planted in 91-
-1 

C rows on June 3 at a population o f  290, 000 plants ha 

Bladex/ Lasso was applied preplant to control we eds 

in corn and Lasso/S encor was applied preplant to control 

we eds in soybeans. Counter was applied to control corn 

rootwor in continous corn. Phosphorous was applied with a 
- 1  

starter attach ent at a rate of 18 kg p ha to all plots. 

Corn and soybeans were cultivated on July 13. Corn earleaf 

samples were tak en at silk initiation on August 13. 
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Nitrogen content of earleaves was determined by a mic ro

Kjeldahl method (B remner , 1965). Corn was harvested from 6 m 

of the center two rows on September 9. Corn stover was 

harvested from 3 m from the center two rows on September 22. 

Soybeans we re harvested from 8.8 m of the cente r two rows on 

Oct. 24. Nitrogen requirements were estimated by fitting 

ave rage corn yield data to quadradic, or  linear plateau 

response functions. Maximum yield was used as the most 

profitable yield in all cases. 

1984 

Excessively wet soil conditions in June delayed corn 

planting until July 5 for both rotations . 

disrupted normal planting operations . 

The wet weathe r 

Bladex /Lasso and 

Senco r/Lasso were applied preplant on May 18 to control 

weeds in corn and soybeans, respectively . However, MP and CH 

plots were disked on July 3 to eliminate weeds that had 

e erged during the long interi Roundup was applied to NT 

and TP systems to eli inate weeds on July 5 .  Topd ressed N 

was spread on May 17 and was incorporated by vibrashanking 

on May 20. 

of O, 50, 

Nitrogen was applied to continuous corn at rates 
-1 

101, and 151 kg N ha 

soybeans at rates of O, 5 6 , 112, 

and to corn following 
-1 

and 168 kg N ha 

respectively. Residual soil nitrates (RSN ) varied for each 

treat ent and are taken into conside ration in results . 

' Pioneer 3994 ' (7 8 day ) corn was planted on July 5 in 91-cm 

rows in both rotations. Phospho rous was applied at planting 
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with a starter attachment at a rate of 18 k g  P ha 
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to all 

plots . 

12. 

c corsoy ' soybeans were planted in 91-cm rows on July 

Co rn plots were cultivated on July 20 . 

applied to injected N treatments on July 23 . 

Nitrogen was 

Soybeans were 

sprayed with separate applications of Blazer and Post, and 

corn was sprayed with 2, 4-D on July 2 7  to control weeds . 

Corn grain was harvested on Oct 5 .  Eight ears were randomly 

selected f rom a 6 m length of the center two rows . 
2 

Yields 

were then estimated from an equation having an r value of 

0. 88. Corn s i l age was harvested from 3 m of the center two 

rows on Oct 4 and 16. Soybeans we re harvested from 1.54 m 

of the center two rows on Nov . 2 .  
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Results and Discussion 

Rainfall patterns were very abnormal in both 1983 

and 1984 . In 1983, late planting was followed by 280 mm of 

rain over a 10 day period in June causing some flooding. In 

1984, 468  mm of rain occurred from April through mid-June 

and delayed p lanting until July. July and August of both 

years were quite dry (Table 4-2) . 

Residual Soil Nitrate 

Residual soil nitrate levels from continous corn did 

not appear to be affected by tillage in 1983 or 1984 

4-1) . Either there was little difference 

( Fig. 

in N 

mineralization rates between tillage systems, or leaching 

nullified any differences that did exist. Residual soil 

nitrate levels were somewhat lower in 1983 and 1984 compared 

to 1982, especially at the 60-120 cm depth . Increased 

leaching due the heavy rainfall of both years may be 

responsible. Increasing FN rates increased RSN levels in all 

three years, particularly in 1982. Corn did not respond to 

FN in 1982 due to extremely high RSN levels (to begin the 

season). 

Residual soil nitrate a ounts were lower, at high FN 

rates in treatments that received injected N compared to 

topdressed N treat ents in 1983 (F i g .  4-2). The same result 

occurred at the east central site and was discussed in 

chapter I I. The difference in RSN values between N 

place ents in 1983 was alleviated in 1984 ( Fig. 4-3). Since 
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T a b l e  4 - 2.  G r o w i n g s e a s o n  p r e c i p i t a t i o n ,  S . E .  s i t e 1 9 8 3 - 8 4 . 

M o n t h  

A p r i l  
M a y  
J u n e  
J u l y  
A u g u s t 
S e p t emb e r  

1 9 8 3  
P r e c i p i t a t i o n 

1 9 8 4  L o n g- t e r m 
A v e r a ge  

- - - - - - - - - - - - - - mm- - - - - - - - - - - - - - -
5 1  1 6 3  6 0  
8 0  1 0 3 8 2  

2 8 0  2 0 2  1 0 1  
7 5  5 2  8 2  
2 7  2 9  8 0  
5 5  3 4  6 6  
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topdressed N was applied in May, some N could have been lost 

through leaching. Injected N was applied into rapidly 

drying soil in July which may have prevented plant uptake. 

The combination of these two factors likely increased the 

RSN levels of injected N treatments relative to topdressed N 

treatments in 1984. 

No difference in HSN amounts was seen between 

tillage systems following soybeans. Fertilizer N rates from 

corn (the year before soybeans ) affected RSN levels only 

slightly ( F ig .  4-4) . Residual soil nitrate following co rn 

(in rotation with soybeans) was not easured, however any 

large differences between FN treatments that did exist were 

nullified by soybeans (Fig. 4-4 ) . Soybeans are often 

promoted for the their N fixing abilty, however, as is 

normally the case, these results indicate that they deplete 

RSN if it is present. 

1 983 

Continuous Corn 
-1 

Corn grain yield reached a aximu of 5 . 2 M g  ha 

in the continuous co rn rotation. Late planting coupled with 

a drought in late su er produced only odest yields. Only 

3 replications were harvested because of flooding da age to 

the fourth. Both N rate and tillage influenced grain yields 

at the 0. 01 level (Table 4-3 ) .  A significant tillage x N 

rate x place ent interaction occurred at the 0. 09 level 

but the variability akes it difficult to interpret (Table 
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0 . 1 2 0 . 1 7 
* 

N S  
s 

7 . 1 

* *  
* *  
* 

1 9 . 5 
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4-4 ) .  Chisel plowed plots consistantly yielded less grain 

than either MP or TP plots (Fig . 4-5 ) .  The cause of the 

lower yields may be related to the effect chisel points have 

on physical characteristics of fine textured soils tilled 

under moist conditions. Grain yields for the TP and MP 

system were similiar at high FN levels. At low FN rates 

grain yields fro the TP system were less than the MP 

system. Nitrogen mineralization may have been greater in 

the MP system. Yields of the CH and MP systems followed a 

linear plateau response whereas the TP system probably 

followed a curvilinear response. 

Corn silage yields showed a si ilar trend to grain 

yields ( F i g .  4-6 ) .  Nitrogen rate and tillage was significant 

at the 0 . 01 level while the N rate x tillage x N placement 

was significant at the 0.10 level (Table 4-3 ) .  Silage yields 

of the MP system reached a aximu at a lower FN rate than 

did grain yield (Fig . 4-6 ) .  This a y  indicate that FN over 
- 1  

100 kg N ha was primarily used for increased grain yield 

rather than stover yield in the MP s ys t em .  

Nitrogen uptake was significantly affected b y  both 

tillage and FN rate (Table 4-3 ) .  The MP syste resulted in 

greater N uptake than the TP or CH syste s at low FN rates 

(Table 4-5 ) .  This difference was very evident in check 

plots (Table 4-4 ) and was probably due to higher N 

ineralization rates under the MP syste . Rarleaf N content 

supported this trend . Corn grown using MP tillage 
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Tab l e  4 -4 �  C orn grain yie l d ,  silage yie l d , and tot al N up t a k e  
from a continuous corn rotation , S. E. sit e ,  1 9 8 3. 

N rat e  

Kg/ h a  

0 

7 1  
1 37 
1 68 

0 

7 1  
1 37 
1 68 

0 

7 1  
1 37 
1 68 

MP 

Til lage 

C H  TP 
N P l acement 

Td I nj Ave 
N Placement 

Td Inj Av e 
N P l acement 

Td I nj Ave 

- - - - - - - - - -- - - - - - - - - - Mg/ ha - - - - - - - - - - - - - - - - ----- - - - -

3. 5 7  
4 . 62 
4 . 7 6  
5 . 31 

21 .4 
23. 7 
24 . 8  
26. 7 

3. 03 
3. 5 3  
4 . 94 
4 . 64 

1 9 . 2  
20. 6 
24 . 8  
23. 5 

Corn Grain Yield ( 1 5. 5 %  moi s ture ) 
3. 30 1. 9 1  2. 35 2. 1 3  2. 51 1. 58 
4 . 08 3. 29 3. 08 3. 1 9  3. 7 0  4 . 03 
4 . 85 5 . 05 3.44 4. 25 4 . 8 8 4 . 4 7  
4 . 98 3. 9 3  4 . 7 0  4. 32 5. 05 5 . 26 
S il age Yie ld ( 60% mo isture ) 

2 . 05 
3 . 8 7 
4 . 68 
5 . 1 6  

20. 3 1 3. 8  1 5. 3  14 . 6  1 6. 0  1 2 . 4 1 4 . 2  
24 . 3  1 8. 6  1 9 . 8  1 9. 2  20. 3 2 2. 4 2 1 . 4  
24 . 8  24. 5 1 9 . 3  2 1. 9  24 . 6  2 3. 7  24 . 2  
25 . 1  21 . 1  24. 2  22 . 7 24. 5 25 . 5 25 . 0 

Total N Uptak e 
- - - - - - - - - - - - - - - - - - - - k g / ha - - - - - - - - - - - - - - - - - - - - - - - - - - - -

68 . 2  5 7. 4  62. 7 37 . 5  4 1 . 0  3 9 . 3  4 5 . 2  3 5 . 7  4 0 . 5 
9 1 . 1  68. 5 7 9. 2 66. 6 62. 6 64. 6 62. 8 7 1 . 6  67 . 2  

1 03. 1 1 02. 3 1 02. 7 1 03. 4 9 3. 9  9 8. 7 9 9. 5 1 1 0. 1  1 05 . 0  
1 1 0. 6  1 09 . 5  1 1 0. 1  1 05 . 1 1 27. 3 1 1 6. 2  1 25. 8 1 2 2 . 5 1 24 . 2  
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consistantly had higher earleaf N contents than corn grown 

using reduced tillage (Table 4-5) at low FN levels. Better 

soil aeration and mixing of crop residues probably caused 

greater N mineralization in the MP system. Nitrogen uptake 

was generally highest in the TP and CH system at high FN 

rates (Table 4-4). Apparently N was not limiting in the 

reduced tillage systems at high FN rates. The knifing 

operation did not significantly increase N uptake in any of 

the tillage check plots (Table 4-6). 

Nitrogen requirements were high in 1983 (Table 4-7). 

Leaching of nitrogen may have occurred. Nitrogen 

requirements per Mg of grain of the MP system were lower 

than the reduced tillage systems (Table 4-7). Increased N 

mineralization under 

responsible. 

Corn-Soyb ean Rot ation 

the MP system was probabally 

Corn grain yield was significantly affected by N 

rate but not by tillage (Table 4-4, Fig. 4-7). The wet 

weather in late June was likely responsible for at least 

part of the lack of tillage and N response. Little 

signficance of other variables besides FN was evident from 

corn silage yield data. A trend of lower silage yield from 

the TP system existed (0. 12 level) (Fig. 4-8) , but it is not 

known what caused this. 

Nitrogen uptake was generally higher in the MP 

system except from check plots (Table 4-8) . Nitrogen uptake 
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T ab l e  4 -5 .  C o r n e a r l e a f  N c o n t e n t  f r om c on t i n u o u s  c o r n  an d 
c o r n- s o y b e an r o t a t i o n s , S . E . s i t e ,  1 9 8 3 . 

N r a t e 

K g/ h a  

0 
7 1  
1 3 7  
1 6 8 

0 
8 1  
1 4 6  
2 0 7  

N P l a c emen t 
T d  I n j  A v e  

� P l ac em e n t 
Td  I n j  A v e  

N P l a c emen t 
T d  I n j A v e  

- - - - - - - - - - - - - - - - - - - - - - - %  N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

m o l db o a r d  
2 . 0 1 2 . 0 5 
2 . 4 8 2 . 1 1  
2 . 8 0 2 . 9 8 
3 . 0 0 3 . 0 0 

m o l db o a r d  
2 . 5 7 2 . 4 7 
2 . 9 1 2 . 6 8 
2 . 8 1 3 . 2 4 
3 . 0 0 3 . 34 

p l ow 
2 . 0 3 
2 . 3 0 
2 . 8 9 
3 . 0 0 

c o n t i n u o u s  c o r n  
c h i s e l  p l ow 

1 . 5 8 1 . 4 8 1 . 5 3 
2 . 1 9  2 . 1 1  2 . 1 5 
2 . 8 2 2 . 7 3 2 . 7 8 
2 . 9 6 2 . 8 6 2 . 9 1 

c o r n - s o yb e an r o t a t i o n 
p l ow t i l l - p l an t  

2 . 5 2 2 . 0 4 2 . 2 2 2 . 1 3  
2 . 8 0 2 . 3 8 2 . 3 4 2 . 3 6 
3 . 0 3 2 . 8 8 2 . 8 9 2 . 8 9 
3 . 1 7 2 . 6 5 2 . 9 7 2 . 8 1 

t i l l - p l a n t  
1 . 8 2 1 . 5 1  1 . 6 7 
1 .  9 6  1 .  9 8  1 .  9 7  
2 . 5 1 2 . 8 6 2 . 6 9 
2 . 7 3 2 . 9 5 2 . 84 

n o - t i l l  
2 . -l O 2 .  -t 2 

3 . 0 0 
2 . 9 2 

2 . 5 1 
3 . 0 8 
2 . 8 6 

2 . 4 1 
2 . 6 2 
3 . 0 4 
2 . 8 9 



Table  4-6. 

T i l l a ge 

MP 
TP 
CH 

MP 
TP 
N T  

1 1 4  

Tota l N uptake by corn from check p l ots, S . E .  
s i te, 1983 . 

N uptake from c heck p l ots 

N Pl a cement 
Topdressed I njected 

------------k g/ h a----------
continuous 

68. 2 
45. 2 
3 7. 5 

corn 
5 7. 4 
3 5 . 7 
4 0. 9 

corn-soybean rotat i on 
55. 3 53. 7 
50 . 7 5 4 . 9 
61. 4 7 1 . 9 

Mean 

6 2 . 8  a 
4 0 . 5  b 
3 9. 2  b 

5 4 . 5  b 
5 2 . 8 b 
6 6 . 7  a 

Least si gn i f i c ant di fference = 7. 2  and 6. 9 for c o n t i nous 
corn and corn-soybean rotat ion means, respect i ve l y  
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Tab l e  4 - 7 .  C o rn g r a i n  y i e l d ,  s i l ag e  y i e l d ,  a n d  t o t a l  N up t ak e  
f r o m  a c o rn - s oyb e an r o t a t i on , S . E .  s i t e ,  1 98 3 . 

N r a t e  

K g / ha 

0 
8 1  
1 4 6  
2 0 7  

0 
8 1  
1 4 6  
2 0 7  

MP 
T i l l a ge  

TP NT 
N P l a c em e n t N P l a c em e n t N P l a c em e n t  

T d  I n j  A v e  T d  I n j  A v e  T d  I n j  A v e  

- - - ---- -- -- - ----- - --M g/ ha -- - - - - - -- - - - -- - --- - - - - - - -

2 . 84 
3 . 94 
3 . 84 
4 . 5 8 

2 0 . 9  
2 6 . 3 
2 5 . 9  
2 8 . 1 

2 . 8 0 
4 . 3 2 
4 . 3 0 
3 . 5 5 

2 0 . 8  
2 7 . 1 
2 8 . 5  
2 5 . 3  

C o r n  G r a i n  ( 1 5 . 5 % mo i s t ur e ) 
2 . 82 2 . 8 3 3 . 5 5 3 . 1 9 3 . 3 7 
4 . 1 3 3 . 7 1 3 . 62 3 . 6 7 4 . 5 7 
4 . 0 7 3 . 8 8 4 . 2 2 4 . 0 5 4 : 2 6  
4 . 0 7 4 . 1 4  4 . 6 1  4 . 3 8 4 . 6 6 

S i l ag e  Y i e l d  ( 60 %  m o i s t u r e ) 
2 0 . 9  1 9 . 4  2 1 . 0  2 0 . 2  2 1 . 6  
2 6 . 7  2 2 . 7  2 1 . 2  2 2 . 0  2 6 . 4  
2 7 . 2  2 3 . 6  2 4 . 2  2 3 . 9  2 5 . 3  
2 6 . 7  2 4 . 1 2 5 . 9  2 5 . 0  2 7 . 8  

To t a l  N Up t ak e  

4 . 0 6 
4 . 0 2 
4 . 0 7 
4 . 3 6 

2 6 . 7 
25 . 3  
2 5 . 2  
2 7 . 3  

3 . 7 2 
4 . 3 0 
4 .  1 7  
4 . 5 1 

2 4 . 2  
2 5 . 9  
2 5 . 3  
2 7 . 6  

--- - - - - - -- - - - - - - - - - -k g / h a- - - - - - - - - - - - -- - - - - ------- --
0 5 5 . 3  5 3 . 7  5 4 . 5  5 0 . 7  5 5 . 0  5 2 . 9  6 1 . 4  7 1 . 9  66 . 7  
8 1  8 0 . 5  9 2 . 7  8 6 . 6  6 3 . 1  5 7 . 0  6 0 . 1  7 7 . 4  7 0 . 6  74 . 0  
1 4 6  7 4 . 9  1 0 1 . 6  8 8 . 3  8 2 . 4  84 . 9  8 3 . 7  8 8 . 9  94 . 7  9 1 . 8  
2 0 7  9 3 . 6  1 0 1 . 7  9 7 . 7  95 . 3  9 5 . 4  9 5 . 4  9 7 . 3  95 . 9  96 . 6  
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Table 4 -8. Nit rog e n  r equir emen t of cor n , S . E .  s it e . 

T r eatment  

No-t il l , 
Mo l dboar d plow , 
Till-plan t 

T il l-p l an t  
Mo l db oar d plow 
C his el plow 

Topd r e s s e d  N 
I n j e c t e d  N 

T i ll-plan t 
Mo l db oar d plow 
C h is el p l ow 

N r e qui r e d  
k g/ ha 

opt imal yie l d  
M g  g rai n / ha 

Corn-Soybean Rot a t ion 1 9 8 3  

1 01 

1 7 0  
1 4 5  
1 4 5 

Con t inuous 
4. 20 

C o r n  1 983 
5 . 1 1  
4 . 95 
4. 31 

Corn -Soyb ean Rot at ion 1 984 
l 2 5 0  2 . 4 5 

1 33 2. 22 

1 2 2  
1 7 0  

Con t inuous C o r n  1 984 
2 . 5 1  
2. 04 
2. 30 

k g  N / M g  
g r a i n  

1 1 8 

2 4 . 0  

3 3 . 3  
2 9 . 3  
3 3 . 6  

� 1 02. 0 
5 9 . 9 

� 9 9 . 6 
5 9 . 8  
7 3 . 9  

op t imal= maximum yie l d  in 1 983 ; in 1 984 opt ima l yie l d  w a s  
was d e t e rm i n e d  from t he r e gr e s s ion equat ion s of c o r n  g r a i n  
yield us ing a cos t -pric e r a t io of 1 : 2 1 5 ( cos t k g  N : pric e  
of M g  cor n ) 



from check plots 

compared to the 

was significantly higher in the NT 

CH and MP systems. This may 

1 1 9 

system 

suggest 

greater N mineralization from the NT system. However this 

is not likely and conflicts with N uptake data at higher 

FN+RSN 

greater 

uptake 

(Table 

levels. Nitrogen content from 

N mineralizatiom from the MP 

ear leaves support 

system. Higher N 

occurred from injected N treatments in the MP system 

4-5). The reason for this in not known. The 

knifing operation did not significantly increase N uptake in 

MP check plots (Table 4-6). Nitrogen uptake and earleaf N 

content were generally higher in the corn-soybean rotation 

compared to those from the continuous corn rotation (Tables 

4-7 and 4-5). This occurrence is probably due to the 

positive impact decaying soybean residue has on the N status 

of soil. 

Nitrogen requirements were the same for all tillage 

systems (since tillage did not significantly affect grain 

yield Table 4-8). The N requirements were higher than 

expected, 

in June. 

possibly because of leaching from the heavy rains 

Nitrogen requirements were less in the corn-

soybean rotation than the continuous corn rotation. This 

was probably caused by higher N release from soybean residue 

co pared to corn residue. 

S oyb ean Y i eld 

Soybean yield averaged 2 . 15,  
- 1 

2. 08, and 2. 35 Mg ha 

f r o m  MP T and TP s y s t em s  respectively. Soybean yield from 
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the TP system was significantly h igher than the other two 

t illage systems. Soybeans i n  the TP system were not as 

damaged by early season floodi ng s i nce the ridges acted as a 

channel for the water. Soybeans planted i n  other tillage 

systems were partially submerged. Residual so il ni trate 

from ferti l i zer treatments applied i n  the spri ng of 1982 d i d  

not s i gnif i cantly influence soybean y ield. 

1 9 84 

S ince RSN values were not the same for all 

treatments at planting in 1984 (RSN following corn 1983) 

regressi on 

continous 

analysi s  was performed usi ng FN+RSN as a 

var iable on yield parameters (Table 4-9). 

Resi dual soi l  n itrate from 0-60 cm was used in  al·l models. 
2 

Res idual so il n itrates from 60- 120 cm were also used if R 

values were further i ncreased. It was 

separate the eff iciencies of FN and RSN. 

not possi ble to 
2 

The R values were 

generally low in  1984, 

abnormal weather patterns. 

C on t i n uous C o rn 

and probably were related to the 

A co b inati on of extremely late planti ng and an 

early frost kept corn yields very low. The frost occurred 

when moi sture in  corn grain was about 50%. The hi ghest 

y i eld ing treat ent in the cont inuous corn rotat i on was only 
- 1 

2. 6 Mg gra i n  ha A response to N was observed at all FN 

rates in all ti llage syste s ( F i g . 4-9). Th i s  is  unusual 

consider i ng the extremely low yi eld levels. The TP system 



Tab l e  4 - 9 .  R e gr e s s i o n  an a l ys i s  res u l t s , 1 98 4 . 

r o t a t i on d e p e n d e n t 
v a r i ab l e  Y 

c o rn / s o y  

equa t i on 

Y = l . 6 9 + 0 . 0 0 3 1 9 ( A )  +0 . 0 1 3 6 7 ( A ) ( P ) 
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2 
R 

c o r n  g r a i n  Mg/ha  
( 1 5 . 5% H20 ) - 0 . 0 0 0 0 4 5 7 ( B ) ( P ) - 0 . 9 l ( P )  0 . 4 9 

c o rn / s o y  s i l a ge  M g/ ha 
( 60 %  H20 ) 

Y = l 4 . 3  + 0 . 0 6 7 ( C )  - 0 . 0 0 0 1 97 9 ( D )  
- l . 7 ( P ) 0 . 45 

c o n t . c o r n  c o rn g r a i n  Mg/ ha Y =  0 . 5 5 +0 . 0 0 7 84 ( A ) + 0 . 7 3 ( E )  
( 1 5 . 5 % H20 ) + 0 . 6 9 ( F ) - 0 . 0 0 0 0 1 2 9 ( B ) ( E )  

- 0 . 0 0 0 0 0 94 3 ( B ) ( F ) 0 . 6 0 

c o n t . c o rn s i l age Mg/ ha 
( 60 %  H20 ) 

Y = 6 . 4  + 0 . 0 8 6 6 ( A ) -
0 . 0 0 0 1 8 1 6 ( B )  + 0 . 0 1 6 1 7 ( A ) ( F ) 0 . 4 5 

A = R e s i du a l  s o i l  n i t ra t e  ( 0- 1 2 0  cm d e p t h ) + fe r t i l i z e r  N k g N / h a  
2 

B = A  
C = R e s i du a l s o i l n i t ra t e  ( 0- 6 0  cm dep t h ) + f e r t i l i z e r  N k g N / h a  

2 
D =C 
E = M o l db o a r d  p l ow ( dum y v ar i ab l e = ! ) 
F = C h i s e l  p l ow ( dumm y va r i ab l e = ! )  
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The effect of fertiliz er N (FN ) plus residual 
soil nitrate (RSN ) on corn grain yield front 
a continuous corn rotation (derived from 
regression equations, Tab le 9), S . E. site, 
1984 . 
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yielded less than either the MP or CH system at low FN+RSN 

levels. Lower N mineralization rates from the TP system may 

be at least partly responsible for the lower yields. 

Silage yields were higher in the CH system 

especially at high FN+RSN levels ( Fig. 4-10 ) . A dry summer 

would have favored the reduced tillage systems (because of 

water conservation), b ut then it is not known why the yield 

of the TP system was not higher than the MP system. 

Nitrogen requirements were extremely high in 1984 

(Table 4-8 ) . The TP system had the highest N requirement. 

Corn grain from the TP system responded linearly to FN (Fig. 

4-7 ) .  

1983 . 

This also occurred in the corn-soybean rotation in 

Leaching of N in topdressed treatments and 

placement of injected N into dry soil in 1984 may have 

lessened the effect of FN, 

to achieve maximum yield. 

Co rn-S oybe an Ro t at i on 

so that higher rates were needed 

Maximum corn grain yield in 
-1 

rotation was 2. 6 Mg ha N o  difference 

was observed between tillage systems 

the corn-soybean 

in corn grain yield 

in 1984. Similiar 

results occurred in 1983. Rotating corn with soybeans may 

have dampened the gra i n  yield differences between tillage 

syste s that occur in the continuous corn rotation. There 

seemed to be a difference in grain yield between N 

place ents at both low F +RSN levels (Fig. 

not known what caused this. 

4-11) , but it is 
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The e ffect of ferti l i z e r  N (FN ) p l us residual 
soil nitrate (RSN ) on corn silage y i e l d from 
a continuous corn rot ation (derived from 
regression equat i ons , Table 4 -9 ) , S. E. site , 
1 984 . 
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S i lage y ields were consistantly lower from injected 

N treatments compared to topdressed N treatments (Fig. 4-

1 2) .  

soil. 

Injected N was appl ied in mid-July i nto rapidly dry ing 

It is likely that much of the injected N was not 

ava ilable to the plants . Accumulat ions of RSN from injected 

N treatments (Fig . 4-2 and 4-3 in the continuous corn 

rotat i on) support this theory . 

Corn g r a in yields were not maximized from treatments 

which recieved topdressed N resulting in  a hi gh N 

requirement (Table 4-7) . Nitrogen requirement for injected 

N treatments were lower than for topdressed treatments. 

Optimum yield for injected treatments was only 72% of the 

y ield max imun indicat ing a weak response t.o N .  
-1 

Injecting N 

above 133 kg N ha would not have been economical. 

Leachi ng of topdressed N appl ied may be reflected in  hi gher 

N requirements of topdressed treatments . 

S o yb e an Y i e l d  
- 1  

Soybean y ield averaged 1 . 3 5, 1. 18 and 1. 01 Mg ha 

from MP, NT, and TP tillage systems, respectively. Soybean 

y ields from the MP plots were s i gn ificantly hi gher than 

yields from the TP plots (but not higher than NT) . There was 

no v is ible growth di fference between tillage systems dur ing 

1984. However, there was a heavier weed infestation in  

reduced tilled areas. Cons ider i ng the dry grow ing season, 

it is likely that weeds decreased yield in the TP sytem. 

Su••ary of 1984 Results 
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Caution should be used when applying the results of 

1984 to other situations. Nineteen eighty four was a very 

abnormal year. The management of the site was dictated by 

weather patterns. Management practices such as planting on 

July 5 or injecting N on July 23 are not recommended. To 

fairly evaluate the effects of tillage, and N placement on 

corn N requirements and N mineralization rates studies in 

more normal growing seasons are necessary. 
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S ummary and Concl usions 

Two years of field research has elucidated two sinks 

of N under reduced tillage compared to conventional tillage 

and eliminated a third possibility. Nitrogen mineralization 

in the MP system was probably higher than in the reduced 

tillage systems at all sites in both 1983 and 1984. This 

and N was sug gested by RSN data, 

uptake data from check plots. 

earleaf N content data, 

Leaching of N occurred at all 

sites except the east central site in 1983 and precluded 

apparent mineralization estimates. In 1983, at the east 

central site, apparent N mineraliz ation rate averaged (over 
-1 

corn and oats) 24 kg N ha higher in the MP system compared 

to the reduced tillage systems. Nitrogen immobilized in 

organic matter represents a major sink for N applied to 

reduced tillage systems. It should be noted, however, that 

the immobilized N is not lost. It is simply stored in soil 

organic matter (as O. M rises under reduced tillage) . 

The other sink for N under reduced tillage is 

increased denitrification. 
-1 

Denitrification rates averaged 

10 kg N ha higher under reduced tillage compared to 

conventional tillage from topdressed N treatments . This N 

loss cannot be recovered. Howev e r , denitrification was 

significantly reduced in NT treatments which recieved 

injected N .  Although it was not possible to quantify this 

difference between N placements because of missing data, 

injecting under reduced till age may decrease 
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denitrification to levels of conventional tillage. 

The third possible sink for N under reduced tillage 

was increased leaching. This possibility was eliminated. 

Residual soil nitrate data showed no accumulations of N at 

the 60-120 cm depth from reduced tillage systems compared to 

conventional tillage that would have resulted from increased 

leaching under reduced tillage. 

Generally, lower FN requirements for corn occurred 

under the MP system. Greater N mineralization rates and 

lower denitrification rates in the MP system compared to the 

reduced 

FN+RSN 

systems 

tillage systems were probably 

requi rement was about the same 

because of the slightly lower 

responsible. The 

for all tillage 

yield potential 

observed from the B. C. site. The FN and FN+RSN requirement 

of oats was slightly higher in oats grown under reduced 

tillage probably due to higher N mineralization from the MP 

system. Further research is needed to determine if soil 

nitrate interpretations for both oats and corn should be 

altered due to tillage. 
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Appendix 

f o l l o win g a b r e v ia t io n s  a r e  u s e d  
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f o r da t a  

f r o m  b o t h  s i t e s . S o i l  s am p l e s w e r e  t ak e n  i n  t h e  

f a l l a n d  u s e d  in t h e a n a l y s i s  o f  t h e n e x t  s umm e r ' s  d a t a .  F o r  

i n s t an c e 

r e s i d u a l  

an d c r o p  

s oi l  s am p l e s  t a k e n  t h e f a l l o f  1 9 8 2  a p p e a r a s  

s o il nit r a t e d a t a  i n  1 9 8 3. T h e  d a t a f o r e a c h  s i t e 

i s  fir s t pr i n t e d a n d s umm a r iz e d i n  a l l p o s s i b l e 

c om b i n a t i o n s  d o w n  t o  a v e r a g e s  f o r  t h e f o u r  r e p l i c a t i o n s . 

A b r e v ia t i o n  

C o b u p 

E a r l n  

F e r t  

F r e q  

F 

F N R S N 

G r a i n n  

G r a i n u p 

K g g r a i n  

K g n up 

M g c o r n  

:-.i g o a t l 

M g s i l 

O a t l n  

O b s  

N t a k e n  u p  b y  c o r n c o b s , k g  � / h a  

N c o n t e n t  o f  c o r n e a r l e a f  a t  s i l k i n g , 
�� N 

F e  r t i 1 i z e r t a t e : 1 z e r o = c h  e c k ; 2 l o �" = l n w 
r a t e ;  3 m e d = m e d ium r a t e ;  4 h i g h = h i g h r a t e : 

Numb e r o f o b  s e r v a t i o n  s u s e d i n a v P. r �1 y; c s 

F e r t i l i z e r  n i t r o g e n  a p p l i e d , k g _ .  h a  

F + R S N  

· i n g r a i n  ( c o r n o r  o a t s o, -
0 .  

� upt a k e i n  c o r n  g r a i n ,  ;.c g  . - / h a  
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