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Abstract

Fertilizers, including nitrogen (N). may be betier available to crops when they are placed
close to the crop’s root systen. Therefore, from 1991 w 1994 the cffects of subsurface band
application of mineral N fertilizer on the N recovery and dry matter (DM) vield ol silage
malze were studied 1n nine field experiments on sandy and clay soils,

In the carly crop stages and especially in the clay soil experiments, banded N had a signifi-
cant negative effect on the N uptake and DM yield compared to broadeast N, possibly due 1o
salt dumauge. At final harvest. however, banding significantly incrcascd the N uptake and DM
vield in most of the expertments. The apparent N recovery increased by circa 20 25% (ab-
soulute).

The positive elfects indicated that band application improved the efficiency of the N ferriliz-
er. It could be caleulated that banding allowed a reduction in the N rate of 20--30% without
signilicant effects on the N uptake and DM yield of the silage maize, Benefits ol banding
wiere positively (P-<0.001) related to the accumulated precipitation in the whole growing sca-
S0,

When N was broadeast, soil mineral N measurements showed that, initizlly, & was prefer-
ably ke up Irom soil compartments near the maize row resulting in lateral gradients, that
sometimes even persisted ontil final harvest. Band application resulted in strong lateral gra-
dients in the carly crop stages. decreasing duning the growing scasen due to N uptake by the
Maizc crop.

Root countings in itwo experiments showed that banding also seemed to affect root prolifera-
tion. EfMects were, however, nor consistent, Relatively mare rosts were found near the band-
ed Non 1991 while in 1992 roots tended to avoid sol compartments with high N concenira-
tions,
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Introduction

Maize recovers soil nitrogen (N) less efficiently than cereals, beets and grass (Prins
et al, 1988). This 1s partly due to N inputs ¢xceeding crop demand, but also to cer-
lain crop characteristics such as an early cessation of N uptake and a poor root devel-
opment, In the irst two months after planting. root development is mainly restricied
lo soil compartments ncar the maize row {Barber & Kovar, 1991; Schrider er af.,
1996; Schrider ei wf., 1997). This means that only a fraction of the present N can be
exploited by the crop. This may be improved by band application of fertilizers, espe-
cially tor those crops with a wide row spacing such as maize (Knittel, 1988). [n sev-
eral studics banded starter fertilizers, containing N and phosphorus (P), were found
lo have positive cffects on maize yields (‘Touchton, [988; [loward & Mullen, 1991;
Jokela, 1992y, Therefore, banding some N and P at planting 15 common i current
practice,

In order 1 prevent crop damage due to high M concentrations, banding 15 general-
ly restricred to circa 30 kg N ha '. However, positive effects of banding of mincral N
fertilizer at planting, also have been mentioned at higher rates {Maddux er al. 1991
Maidl, 1990). Sawyer er wl. (1991) and Schréder ¢f ol (1997) demonstrated (hat
maize vields increased when maize was planted close to the manure injection slots.

Band application of N fertilizers may thus increase the N recovery by crops. This
paper presents the results of nine field expeniments addressing the possible benelis
of N banding in terms of N recovery and DM yield of silage maize.

Materials and Methods
Experimental sifes

The experiments were carricd out from 1991 to 1994 at three different sites in the
Netherlands. at sandy soils in Haren (1991 1992} and Heino (1992-1994) and at a
light clay soil in Lelystad (1991--1994), Site charactenistics are given in Table 1. A
Heino treatments returned to the same plot each vear while at Haren and Lelystad the
experiments were located on different ficlds,

Experimental design

I'he experiments were set up as a randomized block design with four replications.
Treatments consisted of 4 to 6 M rates of mincral N fertilizer {calcium ammonium
nitratc ) and iwo methods of application. N rates included (b, 3} (not al Haren). 60, Y0
(not at Haren 1991y, 120 and 200 kg ha ' . N was applied either as a broadcast dress-
ing within two days after planting, or as a subsurface band in one operation together
with the planting, 5 ¢m next to the maize row and 3—4 cm below it.

The plot size at Heino and Lelystad was 15 m x 6 m {8 rows) and 21 m x 6 m at
Haren. The net area used for yicld, soil mineral N and rooting measurements, was 13
m > 3 mand 19m x 3 m (4 rows), respeectively.
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Table 1. Sue charactensucs (0-20 cm laver).

Sile Year pll-KCl Organic Pw! K-HC] Mincral N
matter {mg1 ! P00 (mg 100 g " K, 00 in Apnl
(™a) (kg ha '}
Harcn 154t 4.9 3.6 33 1 24}
19492 3.8 4.2 46 |2 10
Heiino 1992 5.7 4.3 67 15 44
1y93 - - - 31
1904 - - - 40
Lelvstad 144 7.5 2.3 29 19 A3
1942 1.5 20 41 19 22
19493 1.7 2.1 3 24) 25
1994 7.4 2.1 23 Py L1

' Sissingh, [97]
=0 30 cm ar Heino and Lelystud

The Genstat 5 programme (Payne ef af.. 1993) was used for the statistical analysis.
For both the analysis of variance and the regression analysis of the effects of the N
rate on the N uptake and DM yield, the control treatment (0N} was used for both ap-
plication methods.

Crop husbundry

Silage maize (Zew mavy L., cv. LG 2080 at Heino/Lelystad and ¢v. Pursan at Haren)
was planted between April 20 and May 10 at a density of 100,000-115,000 plants
per ha with a row spacing ol 75 cm. The maize was harvested in September/Ocrober
at a whole plant dry matter content of 30-35%. Weeds were successfully conirolled
with herbicides commonly used in practice. All plots received a broadcast P, K and
Mg mineral fertilizer dressing at recommended levels. No manure was used during
the experimental period.

Measurements

During the growing season the aboveground N uptake and the DM yicld were deter-
mined ftve times {at the 5-6 and the 9 -10 Jully cxpanded leaves stage. al silking,
milkripeness and maturity, referred to as H1-HS) at Haren and 2 times {at the 5-6
fully expanded leaves stage and at maturity. relerred to as H1 and HS) at Heino and
Lelystad. At HI at Heino and Lelystad and H1-H4 at Haren, the acrial fresh material
of a net arca of 3 m” (Hcino and Lelystad) or 4.5 m? (llarcn) per plot was weighed.
Subscquently, 10 plants were taken at random, chopped and a sample o 800 g was
dried for 48 h at 105°C., At maturity (H5) the UM yield of the maizc was determined
by weighing the fresh material from a net area of 39 m” (Heino and Lelystad) or 25.5
m?* {Haren). Subsequently. the DM content was assessed by drying a sample of 800 g
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Figure 2. Relationship between the N uptake (kg ha ' jand DM vield ikg ha ') of the silage maize al H

as aftected by the mineral Noapplication method in 1991, 1992 and 1993 at the Lelysiad site (& broad-

cast, 199124 = band. 1991; @ = broadeast, 1992; O ~ band. 1992 B - broadeast, 1993 T band.

194 3: the ligures besides bancing davy sefer to the mineral N rare)

banded. Effects were most obvious in 1993, In the sandy soil cxperiments no effects
of banding on NE were observed in the carly stages (data not shown).

Figure 3 shows the cffects of N banding on the N uptake at different growth stages
(Hi-H5) at the Haren sile in 1991 and 1992 (no data were available for H4 in 1991). In
1991 significant cflcets of the application method were observed at the 120 and 200 kg
ha ' N rate at H5. At the 120 kg ha ' N rate banding increascd the N uptake while at the
200 kg ha ' N rate, the inhibition in N uptake, obscrved in the carly stages, persisted
until the linal harvest. Conlrary to 1991, banding increased the N uptake at all N rates
in 1992, The increasc was already establised before silking at the 60 kg ha ' N rate
while at the higher N rates. 120 and 200 kg ha ' . the difference in N uptake hetween
the application methods increased wntil final harvest. The application method did no
aflect NI in either year at the intermediate harvests (data not shown).

N uptake and DM vield at final harvest

The application of N alfected the N uplake and DM yiceld significantly in all experi-
ments (Table 4 and 5). In eight out of nine experiments band application of mineral
N significantly increased the N uprake at final harvest. A significant interaction was
observed excepl for the experiments at Haren and Heino in 1992, N banding in-
creased the ANR considerably (Table 6). Avcraged over experimental years and N
rates, the increase ol ANR was 20% and 23% at the Heino and Lelysiad sites. re-
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Frgure 3. N accumulation of siluge
maize ikg ha ') as affected by the
mineral N application method at N
rates of (0. 120 and 200 kg ha "'
19a1 (A, B and O, respectively)
and 1992 (D, & and k. respective-
ly) at the Haren site (@ =broadcast
appl.. 0 = band appl.. arrows de-
node sigmificance at & <0.05)
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Table 4. N uptake ol silage maize (kg ha ) at final harvest (H5) as affected by mineral N rate and appli-
caticn method.

S Year  Appli- N rate (kg per ha) Significance
calion [M-value)
miethod
] 3 i) ) 1200 20} Appl. N rate AMx N
Muth. (M1
(AM)
Haren (%91 hroadeast WE:} 132 - 133 154 NS K H NS
hand - 125 - 144 142
1992 broadcost wi) 112 154 1THy 206 {.N43 < (.00 | [
Band : 1249 1600 198 232
Heine 19492 hroadcast 1wl 11e 132 148 151 182 <0001 <), (K} | N5
band - 114 146 162 170 192
1993 hroadcast 211085 126 138 143 105 <11 {K] | SINHIY ={} [MH]
band 19 156 162 165 170
1094 hroadeast 52 67 43 2 13 177 <2{} e} | <AJ. (K} =000 ]
hand . 67 116 137 163 1G4}

Lelystad 1991 broadcast 4 1089 140 154 1oy 2002 <1 =b (300 SR
band 11 153 176 194 |95

1992 broadcast g4 g (22 13 1T 222 UKL {000 | <{) (K}
band 113 138 165 s 239

1993 broadcast a7 K3 106 124 143 18R <, 0 {1 K1 | {00
hand o) 133 162 17K 212

1994 broadeast g4 108 145 150 155 H1g “ 01 <} (I} <1.{124
aand 117 150 174 1RS 202

PNS = nen significant

spectively. The clfects of banding on ANR were least at the 200 kg ha ' N rate. At
the [laren site in 1992 N banding also increased ANR, whereas in 1991 no signifi-
cant eftects of N banding were observed (data not shown).

Except for the experiments in 1991, the increase in N uptake due to N banding,
significantly increased DM yield {Table 5). In four out of nine experiments a signifi-
cant interaction was obscrved, absolute ¢ffects of N banding being smaller or cven
negative al the 200 kg ha ' N rate. In none of the experiments NE at final harvest
showed to be affected by the application method.

Efficiency of N banding

The positive effects of banding on the N uptake and DM yield. obscrved in most of
the experiments, indicate that the efficiency of the N fertilizer was increased. To
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Takle 5. Dry matter yicld ot silage maize (ton ha '} at final harvest {H3) a5 affected by mineral N rate
and method ol application.

Sile Year  Appli- N rate (kg per ha) Nignihcancy
cation { F-value)
methed
{) A} tl} i) | 20 2N Appl. N orate AM AN
hMuoth, (M)
[ AM)
Llaren 194G broadcast 0,27 16,79 — 1049 11.97 NS {0 (0440
beitid - 10).35 1 1.62  [{.89
1992 broadoast 1{h¥] 1330 1549 16,13 1689 0011 =001 NS
breniel - 1467 1605 17.17 1825
Hetno L9 broadeast .82 1245 1235 1262 1283 13,95 0050 <0001 NS
hindd RS 1362 1295 1351 14.64

2493 broadeast 948 L10% 1197 1246 1239 1320 <0001 <0001 04005

biand 12 0% 13,12 1322 13.69 12495

1994 bBroadegst TA2002d 1113 1223 (283 1400 =0.001  .006 M
hand 925 1269 1271 1384 14.41

Lelystad 1991 broadeast 1225 1296 1488 1555 1628 670 NS A0 WS
banil - 1362 (526 1588 J6a |y 595

1992 hroadeast 1097 128D 1433 13,59 1813 19499 <0001 =0.001 {1004

baml : 1328 1624 1736 1939 2039
993 broadeast G4l 1126 1568 1491 15971 1724 = <0000 0002
hand 1345 1548 1604 Ta6s 1727

1k broadeast FLRG 1276 1442 1476 1477 13493 0003 =0hagl NS
band [3.39 148K 1575 15400 10,31

'NS = not signd Ncand

quantity this etfect RV was calculated based on the linear relationship between the
mineral N rate and the N uptake of ihe silage maize {Table 7). RV values ranged
from circa 70% to 80% (the experiment at the Haren site in 1991 was excluded be-

Fable 6. Apparent N-recovery of silage mairze (%) as affected by N application method and N rale ai the
Hemo and Lelystad sites {averape of whole experimental period).

St Poriad Application method M orate (kg ha ')
30 fil] a1 12() 2000
eino 1962 1tH44 hroadeast () 65 () 53 AR
band 3 1§32 R4 73 53
Lelvstad toal 1944 broadcast A1) 63 S¥ 5 55
band ¥ b i X3 Ol
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Table 7. Reduction vatue (RY) based on the linear relationship berween mineral M rate and N uptake ol
the silage maize {repression analysis restricted (o N rates ranging from 0o 120 ke ha ).

Site Year RV (%) VAL (M)
Haren 19t ) 46

| 4y? Rl 77
Ieing 1942 To Gy

1943 4 HH

1944 74 UG
lelysiad 19 78 Uiy

] pip2 74 uys

[RUR 0 Q7

1904 73 H

"Yaoranee accounted for .

cause ol the low vamance accounted for (VAF)). Average values of the sandy {ex-
cluding Haren 1991) and clay soil experiments were 76% and 73% , respectively.

To explain the observed variation in RV, a regression unalysis was conducted relat-
ing RV to weather conditions and soil mincral N in spring. The expeniment at Haren
in 1991 was excluded for reasons mentioned before. The results show that benefiis
of banding were positively {P<0.001) related to accumulated precipitation in the
wholc growing season (Figurc 4). In our experiments precipitation ranged {rom circa

op . FY.0%)
vy = B88.26 - 0.03704.x

B6 + VAF = 85%
80 +
Th +
m ol
65 +
60 + $ + 1 4 f t

200 250 300 350 400 450 500 550 600

Pracipitation (mim)
Fipure 4. Relationship between accumulated precipitation in the period May-September {mm} and the
reduction value iRV, %) texcluding the experiment at the Haren site in 1991},
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270 mm to 550 mm which would have changed RV from circa 80% to 70%. VAF was
not improved when average temperature or soil mineral N in spring were added to
the regression model. However, variation in sotl mineral N (20-70 kg ha ' ) may
have been too small 10 lind any cffects on RV,

Soil mineraf N

At HI in both 1991 and 1992 lateral distribution of soil mineral N was still gquite ho-
mogencous when I was applied as a broadcast dressing (Figure 5). When N was

soil mineral N (kg ha'"}

A

oo

12 1 3 ia = a
brosadcas) band Breadeast

H1 H3 H5

#oll mineral N (kg ha)

400

|
mnd broadoast band
H1 H3 H%

-]

broadcast

Figuee 5. Lateral and vertical distribution of soil mineral N (kg ha ') ar the 200 kg ha ' N rate as alTecled
by mineral N application method @t barvests L, T3 and HS in 1991 (A and 1992 (B) (8 - 0 .20 ¢m,
(3 - 20 4 em, L] - 4G 60 em; for lateral positions P1-P4 see Figure 12 in 1991 measurements at P1oand
P2 were pooled).
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Table ¥, Relative latera] root disteibution (%) near the maiee plant as affected by mineral N application
method at the Haren site in 1991 and 1992 (side 1=side ol band application).

Year N rate Application Harvest stage
(kpha 'y Method
1 M3 5
Side 1 Suide 2 Side 1 Side 2 Side 1| Sude 2
19y 200 hroadeast 41 549 4K 52 43 57
hand g2 i 68 32 S8 42
19492 LM} brondenst 57 =Rl -
hand 72 23 -
210t broadeast S0} S0 45 a5
band 3% 2 31 {4

banded, N was preferably found near the maize row. At H3 soil mineral N was higher
at greater distances from the maize row when N was broadcast while the oppesite
was found for the band application. At final harvest in 991 a lateral gradient was
still observed for the broadcast but not for the band application. In 1992 no lateral
gradicnts were observed at final harvest at all,

Figure 5 also shows vertical distribution of soil mineral in the upper 0—60 ¢m laycer
lor both application methods at the 200 kg N ha ' rate, In 1991 relatively more N was
found in the 20 40 and 40-60 cm laycr than in 1992, This is probably duc o high
amounts of precipitation in the early stages in 1991 (Table 2} causing downward
transport of mineral N. No obvious differences in vertical distribution were observed
between application methods in any year.

Rool megsurements

In 1991 as well as 1in 1992 the application method affected the lateral root distribu-
tion near the maize row at the Haren site (Table 8). In 1991 at the 200 kg ha ' N rate
and in 1992 at the 90 kg ha ' N rate relatively more reots were found on the side
where the N was banded. At the 200 kg ha ' N rate in 1992, however, the opposiie
was observed. In 1991 banding effects on root distnbution decreased during the
arowing scason at the 200 kg ha ' N rate.

Discussion

Placement of lertilicers close to the roots may improve nutrient recovery by the
maize crop. Thercfore, between 1991 and 1994 the cffects ol subsurface banding
mincral N fertilizer were studied in nine experiments on sandy and clay soils.
Results from our cxperiments showed that in the carly crop stages (H1) and espe-
cially at the higher N rates, buand application of N resulted in a growth inhibition. In

152 Netherdands Sowrnal of Agriculiwral Science 46 {1998



SUBSURFACE BAND APPLICATION OF N FERTILIZER 10 SILAGE MAIZT

the clay soil experiments the nitrogen cfficiency (NE) tended also to be lower at H1
when N was banded indicating that factors other than N were more restrictive 1o crop
growth at that moment. The observed growth inhibition may be due to high mineral
N concentrations close to the maize roots causing salt damage. NH;-toxicity due to
the conversion of NH,-N to NH, may also have played a role (Crecamer & Fox. 1980).
The cnhancement of this conversion at higher soil pH-values might explain the
stronger growth inhibition in the clay soil experiments compared to the sandy soil
experiments. The growth inhibition could not well be related to weather conditions
m the early crop stages as this occurred under favourable (1992 and 1993) as well as
under unluveurable (1991) growing conditions.

Compared to the broadcast application, banding resulted in a higher N uptake and
DM yield at final harvest in most of the experiments. So. the obscrved inhibition of
crop growth in the carly stages was reversed into a positive cffect of banding on the
N uptake and DM yield. Results from intermediate harvests at the Haren site in 1992
showed that at lower N rates this positive effect was established earlier in the Erow-
ing scason than at higher N ratcs. Possibly, a slawer recuperation of crop growth may
play a role since inhibitory cffects in the early stages were stronger at higher N rates.
This might also explain the observed interaction between the N rate and the applica-
tion method, banding efTcets being smaller at higher N rates. However, this may also
result from a higher N availability at higher N rates as positive effects of fertilizer
placement are expected to be smaller at high levels ol availability.

Band application increased the apparent N recovery (ANR) considerably. Similar
resulls have been reported by Maddux ef ef. (1991, Maid] (1990) and Schrider ¢f af
(1996). Sawyer ef wl. (1991) and Schroder er of. (1997) also found positive effecis of
band application of manure. It must be emphasizcd, however, that a better placement
of P probably played an important role in the latter experiments.,

The positive effects of band application may first result from a higher N availabili-
ly as with banding most N is applied where rooting density is highest (Barber &
Kovar, 1991 Schroder e af., 1996). Furthermore. banding leads 1o a less intensive
contact of sotl and fertilizer which may reduce the risks of immobilization and deni-
trification (Mengel & Kirkby, 1978). For the same rcason nitrification of ammonia-
cal N might be slower, as reported by Malhi & Nyborg (1985) and Wetselaar ef af.
(1972). thus reducing the risks of leaching when N is banded. Howcver, this may al-
50 be duc to the salt effect which docs not allow any microbe, including nitrifying
and denitrifying ones, to survive. Finally, apparent bencfits of banding could have
been partly caused by the poor availability of the non-incorporated broadcast N.
Ammonia volatilization from the broadcast N may have been higher (Dilz, 1987) but
also application depth might play a role since the broadcast N was applied superfi-
cially while the banded N was placcd on a depth of circa 10 ¢m. Vertical distribution
patterns of soil mmneral N in our experiments did not give evidence for this, however.,
measurements were done in 20 cm laycers. Probably, more detailed measurements are
needed to rule this out.

The positive effects of banding indicated that the N fertilizer efficiency was im-
proved. Bused on the relationship between mincral N rate and N uptake of the silage
maize the increase in efficiency was 20 30%. As NE wus not afTected by application
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method this means that N rates could be reduced with 20-30% without yield loss. A
posttive relationship (P<0.001) was found between accumulated precipitation in the
whole growing season and banding efficiency. As under dry condinions soil mingral
N is less diluted, N concentrations wmay have become too high for optimal crop
growth resulting in a lower banding efficiency. This might be enhanced by a slower
dispersal of the banded N in the so1l as under dry conditions mineral N transport is
reduced {De Willigen & Van Noordwijk, 1995).

Soil mineral N measurements showed, that when N was applicd as a broadcast
dressing, lateral gradients were observed especially in the period uatil silking indi-
cating that, initially, N is preferably taken up from soil compartments near the maize
row. This just has (o be asceribed to higher rooting densities near the maize row as ob-
scrved by Barber & Kovar (1991) and Schrider ef al. (1996). Contrary 1o 1992, lat-
eral gradienis in 1991 persisted until final harvest probably duc to a lower N uptake
ds compared to 1992, Similar results were obtained by Aufhammer ef af. (1991).

Results of root countings showed conflicting results of banding on root distribu-
lion near the maize row. In 1991 and in 1992 at the 90 kg ha ' N rate, relatively more
roots were found at the side where the N was banded. Such proliferation effects were
also found by Schrider ef al. (1996). In 1992, howcever, roots scemed to avoid the
banded side of maize plants. This may be due to differences in precipitation. In 1991
due to high precipitations. relatively more N was found in deeper layers resulting in
lower N concentrations in the soil compartments where the reot countings were
done. In 1992, however, most N was found in the upper layer resulting in higher min-
eral N concentrations which might have inhibited root development in the soil com-
partments where N was banded.

Conclusions

Recovery of mineral N fertilizer by silage maize was improved by subsurlace band-
ing at planting compared to its broadcast application. N banding allowed a reduction
of the fertilizer input by circa 20-30%, without loss of yield. However. to avoid salt
damage dressings should not exceed 120 kg N ha .
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