{ ‘AGENCY FOR INTERNATIONAL DEVELOPMENT FOR AID USE ONLY
- WASHINGTON, D. C. 20823

BIBLIOGRAPHIC INPUT SHEET

A, PRIMARY
1. SuBJECT | pAgriculture AF25-0000-0000
::-CAAS::;N 8. SECONDARY
Soil fertility,fertilizers,and plant nutrition

2, TITLE AND SUBTITLE
New advances in nitrogen fertilization o

3, AUTHORI(S) S N
Gray,R.C. U P
4. DOCUMENT DATE 5. NUMBER OF PAGES 0. ARC NUMBER- « R C
1971 l4p. . ARE . S

7. REFERENCE ORGANIZATION NAME AND ADDRESS R o . .‘u' :

TVA | L

8. SUPPLEMENTARY NOTES (Sponsoring Organization, Publishets, Avallability)
Presented at 2d Soils Golloquium,Soc.Colombiano de la Ciencia del Suelo Palmira)

9. ABSTRACT - P P

10, CONTROL NUMBER , . — R 11, PRICE OF DOCUMENT
FN-RAA- 220

12, DESCRIPTORS . , 13, PROJECT NUMBER
Nitrogen

14, CONTRACT NUMBER

Product devel t
ro Ec evelopmen A) 5-69 Res.

15. TYPE OF DOCUMENT

AID 8901 {4274)



TVA 275 -244

NEW ADV@NCES IN NITROGEN FER’I‘Il.IZA.'I‘IO"'1
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o Wheh the ass1gned toplc;‘"New Advances in Nltrogen Fertilization® -°

f ».f»i-n?rl tet SRR Y . O L
'was exam1ned in ‘Felation to ‘the othér® top1cs covered this week, it appeared

!
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that the best approach wculd be* to dlSCUSS some of the methods ‘of nltrogen |

fert1lizer application; ALY ‘the ‘méthods to'bé mentioned are in use, " ‘either

7§(: ke Jt'.’ L IJ: 2oy .“‘:.’ TR & ] . }1’ 4, ’ RN v g . M ‘ :(v ‘ot .
commerc1a11ylor experlmentally, and each’ has advantages or disadvantages:
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in spec1f1c 51tuat10ns.

When CrOpS are fertlllzed with nltrogen or any plant nutrlent"there

ts
- Aty &Us*(

are certaln ‘basic
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6oﬁ51derat10ns £6 bé ‘het. ” The ‘fertilizer shéuld ‘be ﬁldcedy‘

»
»

'invthe’soilﬁsofthat it is avalléﬁlé in-the root ‘zone ‘of the ‘crop: It!should
bc éﬁpliéd“as'ﬁhifbimly?as“ﬁossible and in thé ‘quantities désired,’’ The '
method“of appllcuf on' should ensure “that minimum-l0sses occur from volat111zat10n

or denltrlflcatlon."Furfhermore, the method' must not * cause injury-by the

.
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fert111zer to grOW1ng Plants. R et clhinl ol RS

450 2

s

o ‘The varying’ phy51ca1 and" ‘chiemical - propertles of’ nltrogen -fertilizers

bemd

"Create’a need for d1fferent ‘times- of app11Cat10n ‘and placement 'in the soil.

'&A

to méet the rcqulrements Just“mentloned"'To fac111tate the discussion,

| 1 shall®talk about” liquid andhsolld’n1trogen fert111zers“éeparately;‘ T,
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Ghe T 1Presentcd by R. C.. Gray to the’ II So1ls &olioqu1um, Sociedad
‘ Colomb-anavde la-Cicncia.del Suelp;.. Palmlra ‘Colombia, September 2,,1971.
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The liquid nitrogen fertilizers may be readily divided- into two
categories: those that must be stored and handled under pressure and those
that have low vapor pressure at normal temperatures. Anhydrous ammoeia is
used as a nitrogen fertilizer in direct application and falls into the first
category. It must be handled in equipment that is capable of operating under
high pressures--over 14 kilograms per square centimeter at 38° C.--and must be
injected 15 to 20 centimeters deep in the soil to prevent loss from volatilization.

The equipment used to aﬁpi&'&hﬁyﬁrovs amnonia to‘the soil consists .

A essentially of a supply tank, a metering, dev1ce, and knlves to'pegetrate the

;ﬁsp;lﬁand place the material at the proper deptp. The ammonia, 1s metered by

’;aqjusting a variable orifice and maintaining a constant sgeed across the

. field. If it is desired to have the rate of application constant at{ygy%able

; speed, a positive displacement pump driven from the ground wheel of the
”aﬁplicator should be used. | V

g

,f,vThe,;ype oflkn1fe or. ch15e1 used to 1n3ect the ammonla into the
5011 W111 ,depend .on’; the type of. 5011 .and the amount of soil dlsturbance de51red
anj(Flgure 1), The ;texture.and moisture content _of the soil also; have”an
1nf1uence,on retent:oqhofvthe ammonla.kaery wet or-very: dry.. 50115 and
; theavy.textured. soils ;do:not .close :aﬁtex«,!:he‘ applicator has passed n‘an.,d,. ammonia
ma& leak out. Sandy-soils may not have enough\;lay content to completely
fix the ammonia and losses may occur. When properly applied, there sﬁoy}d
Be:no ammonia odor at the soil surface immediately behind the applicator.
¢, . ,An experimental machine has~peen built, that will shoot anhydrous ammonia f
‘intoethe soil surface‘atfextremely,high‘ﬁressure. _This makes it,upneee§§ar§,if
to disturb the soil surface and is useful in pastures when theifur;omé;~&:f
formed by the applicator knives might be undesirable. ‘

n . PEINETN '
Anhydrous ammonia is used for direct application because it is a low °

cost form of nitrogen. Application requires sophisticated cquipment:and: -
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_'a rather high level.of competence in the operator: It obviously does not
- lend’ itself to-all soil and .crop c&nditionSKnor to small farming opefatiéns.x
bo1. 7t The so-calléd-noﬂpressufé"ﬁiffogéh?sdlhtibﬁsﬁaréCSOﬁéwhaf“éasief to-
apply and require lower‘cost§{1ighfer wéigﬁt‘eqﬁipﬁeﬁimﬁﬁkéwefﬁteaﬁireﬁents
are’ less than'with anhydrous ammonia-equipment: 'because: the ‘nonpréssure "'
solutions may be applied on the‘soilsurface. '’ 3.7 -
1>;«fhe:saﬁe%three elements:dre presert iﬁﬂthéﬂﬁéﬁpréssufé‘nitrégen sélution
app11catoriasfin “the: ammonza app11cator--a'tank ~a’metering:device (pump ’
vin>this' case), and dellvery’nozzles. ““The' nozzles ‘arearranged‘on a boom
sandi they: spray ‘the 1liquid nitrogen ‘uniformly:on“the isoil surface. ' Tﬁe"*
réteﬁéf'éppiicétion‘is detérmined by:the pump ‘pressure, the size of ‘the ™
:nozzlgs;ﬁand;the?forward'speedNOf’théﬂequipméﬁt. If it is 'desired ‘to have -
'anﬁapﬁliééfionhrate?independeﬁt*of*the’applitétor speed, 'd positive displacement
:1Urgmp)drivén“frdm:én‘applicafor wheel may -be used, vl ol e
o 4Tt A4S ot necessary for the: applicator to be truck-mounted " A tractor-
drawn trailer applicator will work equally well ‘in the field. " It does "’
“wfnot*és“easily transport liquid nifrogen-frbmwthe‘suppfy”point'%é“tﬁé field

as a truck, however,

Z*The’tank 'and-'spray. punp-may ‘be’ placed on ‘a’planter if it''is’ desired
?totépp1§itﬁbrliqﬁidﬁnitrogen fertilizer in &’ .band aiongﬁfhé’row.'~U§ﬁdily%
iafsquéSZe\pdmp}i;fdéed for row applicationzifThis~i§ibé%icall&*dﬁrblier;ﬁ{
éfe;sing dn‘a'plaétic-hosé and forcing the fertilizer along the'hoséiﬁf‘%“'
?i*‘f Often“liqu1d nitrogen fertilizers are used:as carr1ers for”® herb1c1des
and 1nsect1c1des.. This can be quite successful 1f’care is- taken ‘to'see -
that the pest1c1dc is' thoroughly mixed w1th the fert1lzzer 'and that‘the | :

v*type of‘appllcat1on-—that‘15“surface broadcast or band app11ed--1s suztable

:usffor both‘the fert111zer and*thc pesticide, - "
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If a crop is irrigated, it may be practical to apply liquid nitrogen

. fertilizers with the irrigation water. This practice is, growing in popularity

"and is being used very successfully with both surface and sprihkier:irrigaﬁion.

The amount of fertilizer to be used with each.irrigation set:musth*
be calculated and a metering arrangement set up to inject the fertilizer;

into the irrigation water at a uniform rate. In surface irrigation; the:

w-injection of the fertilizer into the irrigationvwater should.be'SOffimed

that the. .application is uniform and ;no- nltrogen £lows, off; the”field.s TO’
'do this, the water, is allowedto -flow aboutnthree-fqurths,of the ,Way:;across
the field before the»znjectxoq;of‘fe;t;la;er;ls heggn: aAlluthq;fertlllzer
shbuld beJinjected‘bx,;he:gime“;hadwanrxnééchesathe;end‘éf;thq:field;;;r

Nonpressure nitrogen solution may be metered into.the, irrigation water

)simply,byvletting it flowxfrom a supplyétank‘underaagconstant:hydraulic\r

hehd Anhydrous ammonia may be 1ntroduced into the 1rr1gat10n water through

s sparger, with the’ same .type of meterlng device descrlbed for anhydrous

ammoqia\applica;ion equipment.. - ¢

Tt

. After. the fe;tili;er,injeqtioqwisggqrnedqgff,Awater»is kept runningiuntil
irrigation is completed.
¢ . If sprinkler irrigation.s useﬂ@:there;mu§t‘peﬁaﬂpositiveipressure

differential betweenuthesfeitiliéer sclution: and.the water. .in thénirnigation

pipe.: . Injection of liquid nitrogen fertlllzer can begin when-the-irrigation

water, is, flrst applled and -the: rate -should b0<t1med so that irrigation - .y
w111«cont1nue'a£ter ‘the fert111zer 1n3ect10n 1sgst0pped to. move the: fertllizer :
downﬁ;ntq;the YOOt zone. ;i n s

.:When'a moving sprinkler irrigation system is used, the fertilizer..:

;iinjection must continue at all times while irrigation.water is being applied.

This requires very prccise metering to. apply the ~equired amount of nitrogen.
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Probably a positive displacement pump will be needed and a skilled operator

x.’

who knows how to adJust the metering pump to match the water app11cat10n.

As*iv‘, "y [
S

Much ‘more n1trogen fertilizer is app11ed 1n the dry granular or crystalllne

. o N L - M " Copey, sy
!‘-.\f‘!‘» |f N (2 R L N A J’ ey ¢ bra

form than, 1n the 11qu1d form. Unlform application of dry fert111zers’has
always been a problem and development of application equipment héé Been”
“dirécted toward "eVen'distribution as ‘well ‘as 'saving labor. "~ = 5"
V1 Bquipment ' fox aﬁplyiﬁg a ‘dry nitrogen fertilizer réquires a béx or’
bih‘fbr'barryihg the material, 'a metéring device to measure' out fhe'ébrr%cfi
, raté”bffappliéatibh; and ‘a mechanism for ‘delivering the fertilizer fo ‘the
. desired location on or in the soil.
[ The“simplbst‘equipmehfffor'brothasting’dry fertilizer is'a full width
distributor (Figure'2). ‘ This is'a gravity flow distributor with a supply
i”hbbﬁer’runnihg“the”full'width\of‘the spreader and an agitator above gate
oﬁenings. The agitator ensures an even flow of fertilizer with changiﬁg'

.*Tevels in'‘the hopper and’ w111 ‘crushany lumps that' may be’ present. 'The

rate - of flow is determlned by adjusting the''size of opening in the 'gatés.

4
fro

< The agltator ds* usually driven from onc of the spreader wheels. i -
“ ‘A similar’mechanism may be used for row application of fertilizers'
iitFigurefsjf’;ﬁere'the fertilizer is channeled by tubing into"a furrow. -
'";“ﬁAndther'method*of‘broadbasting’dry fertilizer'is to'use a’spinner. ™
“(Piguré"4). ' The 'fertilizer is moved' from the supply hopper' by a“belt’or’
screw auger renning along the bottom of the hopper. - The' fertilizer ‘is "’
metered by -an' adjustable’ gate and’ dropped onto a' rapidly revolving' spinner.
" Vahes-‘on ‘the spinner scatter: the fertilizer more or less uniformly béhind
“thé ‘spreader. '
Th63uniformity'Ef“thH”Broadéasting:depends‘on”sévéral variables:’® Twin
tor: dual- spznners‘usually glve a‘ more’ unlform dlstr1butlon thanksingle spinners. -

3

The‘specd ‘of rotatlon”and ‘the! p01nt ori ‘the'” splnnor 'where: the! stream4 of
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fert111zer falls are important. A un1form 51ze of partlcle 1s essent1a1

)
[P : ,_\‘(9 ’

51nce large particles travel farther than small ones (F1gure 5) Careful

. . . z
A Y Syl iy ok

ad;ustment and careful operatlon are necessary to obtaln a good broadcast

st aedy RN S,

pattern.
S .

SN
- An alternate, systen uses a boom instead of a spinmer, A screw auger
ora \drag chain moves the fertilizer from the .discharge chute along the
y..boom, and theﬁferti;iaeg qupswfrpm openings in the boom. - Both sides of»{
the boon must, receiye equal, amounts of fertilizer,and the openings must .
be adjusted for the desiree rate. Cla 2T el mn s g aeLe b 3“1l1,u‘
£,5,,. , Any of these appllcators may be, tractor-drawn, or trpck-pochted. Many
] gifferent systems are used.for regulating the rate and distribution of
the,fertilizer,‘)Allggf;them;requjreka.skilled,.carefpl,OPeratqr'to‘achieve
- uniform application. .. , + ..i. - .- ., <tl‘.:,,,"”" SET e
"{A fairly recent‘inhpraticp hashbeep”the,ﬂevelopment,pf high-flotation
'qujgheqtf!,The,use,ofhyery“iarge,;19w7presspre‘tires;permits,operation,
of this equipment on‘wet‘lapds,}onérqugh;fields, and at:higher(spegds than
other equipment. The grohnd,pressprc“exertea‘hy,a;lgage@rvehiq;e is no'
more than that undexr: the foot, of an, average. man. These;machines“areavery
‘“expgnsive~bpt,permitvwork;pg‘ppder‘unfavorable;conditions.apdkare”capable
) ofrbreadcasting,fertilizersﬂvery*rapiﬂlyi;,They,cap;be:adapteﬂ for either
dryﬁor 11qu1d fertlllzers.rh¢ ‘;f R R S T T
Ia' Where surface condltlons are such, that ground appllcatlon equipment
cannot be used,  aerial. app11cat10n may, be pract;cal.z Rice. lands and steep
hilly lands are examples. A venturi-type system may be used on fixed wing
?,aalrcraft and a spinner-type, dlstrlbutor on ,& helicopter, (Flgure 6).‘ It
Jn is. difficult to get uniform, dlstrlbutlon Wlth aerlal equ1pment. Alr turbulenc<

from propellers. and, wlngsﬂupsct the d15tr1but1onﬂpattern.{ANatural aur,mi

currents interfere also.



~7-

In summary, it is hard to .get fully uniform application of dry nitrogen
; A 1

Oh

fert11:zers from most app11catxon;equ1pment. The most uniform application
il *‘p < ‘v“
SN

can be obtalned 'when the materlals are of uniform size and when the equlpment
’an >

- is properly ca11brated Appllcation equlpmﬁnt must be ma1nta1ned in good

‘ $L ;1 .

operatlng condltlon and operators must be tra1ned in methods and procedures
s

uthat will result in uniform appllcatlon. '»1 s

.
\' r

Y

Unlform part1c1e size becomes most 1mportant when nitrogen fertilizers

are app11ed in-blends with other fertlllzer materlals. When the fertilizer

’)x‘

- '?
flows 1nto a bin or hopper, thexre is a tepdency for the smaller particles

PIREAY
'r

to accumulate in.the center and the large partlcles to roll to the outside.
When a gate in the bottom of the bin or hopper is opened, the material

in the center flows out flrst. If the n1trogen particles are small and

3
4 D

¢
:the other mater1als large, the f1rst materlal out will be h1gher 1n percentage

v
N § N 9 i‘

k‘\of nitrogen than desired and that out last will be much lower than desxred

A h‘, [ ,“

1
g

The result is a nonuniform applicatioh on the field. Uniform?particle§

size can improve the even distribution desired.
4

5

. Another development I might mention is the rapid increase in custom

N . , !“ ¢

zapplication in the United States. The cost of the larger, more sophlstlcatod
S’,

equlpment has caused farmers to have fertilizer applled by the fert111zer

A

dealer. Often better equipment can be used, the operator becomes more

‘<)

k‘ (3
13

1sL111ed in the use of the equipment, and the farmer is re11eved of the

f‘w. \g 3

Q rk of handllng and applying the fertlllzer., He ~can devote himself to

‘,.. 'ﬁ‘
[

other necessary farming operations during the rush period at planting t:me.v
Usually the farmer specifies the kinds and rate of appllcatlon of fertilizer
/

and, 1n“add1tlon; pays a specified amount.per acre for the app11cat1on.

I have enjoyed be1ng here this week and partlclpatlng in your meet1ng.

,x ‘1 Y “w“'a ..\, . {"\7”)"]‘! _1,.,, :‘)a

I hope T have ‘presented an idea or two that you ‘¢an’use or adapt for your :

PR

work. Thank you. -
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GRAVITY FLOW FULL-WIDTH DISTRIBUTOR



o FIGURE 3 ~
BAND APPLICATOR WITH AUGER FEED SYSTEM
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. FIGURE 5

EFFL‘(‘F OF PARTICLE fsu..s. ON DISTRIBUTION
OF FERTILIZER BY A DUAL-SPINNER SPRE ADER(S)
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S“‘AND/\RD HELICOPTER DISTRIBUTION SYSTEM
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