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Abstract

The microenvironment
surrounding a phosphorus (P)
fertilizer granule or within a fluid
P fertilizer band is subject to a
series of primary and secondary
reactions which substantially
impact P availability to plants.
Influencing or slowing these
reactions is an effective means of
improving solid and fluid
fertilizer P use efficiency,
improving yields and profitability
with positive implications for
environmental concerns. It is well
recognized that even under the
best conditions, only 5 to 25% of
fertilizer P is taken up by the crop
during the first growing season.
Thus, the historical problem with
the soil chemistry of P fertilizers
has been the lack of availability
due to fixation. The reported
polymer technology affects P use
efficiency in a manner that is
economical and profitable.

Tom lwoc

Tiéu méi truong Xung quanh hat
phan lan hodc trong dung dich
phan lan la doi twong cia rat
nhiéu phan ing chinh va phu cé
thé xday ra, anh hwéng manh dén
lwong ldn hitu hiéu. Tac dong thiic
day hodc lam chdm lai cdc phan
wng nay la phwong phap hitu hiéu
dé ndang cao hiéu qua siv dung
phdn ldn ¢ dang rdn ciing nhi
dang Iong, cdi thién ndng sudt va
hiéu qud kinh té dong thoi ¢é anh
hwong tich ciee dén méi truong.
Mot diéu dwoc cong nhan rong rdi
la dii trong diéu kién tot nhat ciing
chi c¢o tw 5 toi 25% luong phan
lan bon vao dat dwoc cdy trong
hdp thu trong nam ddu tién. Do
ds, van d@é mang tinh lich sw vé
phuwong dién hoa hoc dat cua
phan lan la sw thiéu ldn do bi cé
dinh. Ky thudt polymer dwoc Xac
nhdn 14 c6 anh hwong dén viéc sir
dung phdn lan mot cach hiéu qua
ca vé phirong dién kinh té va lpi
nhuan.
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Introduction

Phosphorus fertilizers are an
essential component  of
enhanced crop yields and have
been recognized as such for
well over 170  vyears.
Phosphorus  utilization by
crops is affected by many

factors including soil
availability  and  genetic
variations which influence
individual plants’ metabolic
processes and P uptake.

Phosphorus in Plants.
Briefly, the essential

metabolic roles of P include
the  essential role  of
photosynthetic energy storage
and transfer as high energy
phosphate bonds as well as
transfer of genetic traits
(DNA) among other roles
(Havlin 1999). In the field,
improved P nutrition leads to
greater storage of
photosynthetic energy in grain

(higher  yields) and is
associated with  advanced
plant maturity and more

uniform ripening.

Phosphorus Use Efficiency

Researchers and growers have
long been interested in
techniques to deliver P to
plants in a more efficient form
or manner which would

Gioi thi¢u

Tt 170 ndm qua, phan lan da
duogc cong nhan la thanh phan
thiét yéu trong viéc nang cao
nang suat cay trong Vlec su
dung phan lan cua cay trong bi
anh huong boi nhiéu yéu to
bao gom luong lan cé san
trong dat va loai cdy trong
khac nhau ma c6 anh huong
khac nhau dén qua trinh trao
ddi chat va su hap thu Ian.

Lan trong cay Mot cach van
tat vai tro thiét yéu cua 1an bao
gdm tich trir nang lwong trong
qué trinh quang hop, chuyén
giao nang luong qua nhiing
moi n61 phosphat cao nang va
truyén cac dic tinh di truyén
(DNA) cho thé hé sau bén canh
cac vai tro khac (Havlin 1999).
Trén déng rudng, viéc cai thién
dinh dudng lan s& dan t6i tich
trr nang luong quang hop lon
hon trong hat (nang suat cao
hon), thiic day cay trong chin
som hon va chin dong déu hon.

Hiéu qua str dung lan

Lau nay céc nha khoa hoc va
nha noéng déu rat chi y toi
nhimg k¥ thuat gitp ciy trong
st dung phén lan hiéu qua hon
dé nang cao ning suat. Vi su
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improve crop yields. Because
of this interest, the world’s
fertilizer industry has
developed and produced P
fertilizers which are much
more available to plants than
was the case at the beginning
of the 20" century (Follett,
1981). However, P fertilizer
recovery in the initial year or
crops following application
still remains in the range of 5
to 25% depending on soil
conditions, methods of P
application and the presence
of high concentrations of
ammonium nitrogen in the
soil P retention  zone
(Mortvedt, 1999). Recent
developments in P fertilizer
additives have substantially
improved P use efficiency
with resulting increases in
crop yields (Gordon, 2007;
Hopkins, 2008).

Concerns have always been to
increase P uptake in a plant
and relate these increases to
plant growth and
development.  These same
concerns take on new meaning
as the fertilizer industry and
agricultural  practices  are
being scrutinized relative to
environmental concerns.
Anything growers, researchers
and policy makers can do to
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guan tdm nay ma nganh cdng
nghiép phan boén thé gisi da
nghién clru va san xut ra cac
dang phan lan c6 ham luong
lan hitu hiéu cao hon nhiéu so
voi nhitng loai phan lan san
Xuat vao nhimg nim dau cta
thé ky 20 (Follett, 1981). Tuy
nhién luong lan dugc cay
trong hap thu trong nim dau
tién sau khi bon van chi & mirc
tr 5 dén 25% tuy thudc vao
cac diéu kién dat, phuong
phap bon phan va sy hién dién
cua dam amon néng do cao
trong vung dat gitr chit lan
(Mortvedt, 1999). Nhiung phat
trién gan day vé cac chat phu
gia da dem lai hiéu qua su
dung phan lan cao hon mdt
cach dang ké voi két qua 1a
ning suit cdy trong ting lén
(Gordon, 2007;  Hopkins,
2008)

Nguoi ta ludn tap trung toi la
viéc tim cach nang cao lugng
lan cay trong hap thu duoc va
méi lién hé gilta sy gia ting
nay véi sinh truong va phat
trién cua cy trong. Tuong tu
nhu vay véi nganh cong nhi¢p
phan bén va ki thudt ndng
nghiép trong tac dong moi
truong. TAt ca nhimg van dé
ma cac nha khoa hoc, nha
nong va nha hoach dinh chinh



improve P availability and
uptake can decrease societal
concerns associated with P
effects on water quality, the
main issue.

Soil Reactions of
Phosphorus

Phosphorus soil reactions are
complex and even after
decades of research remain
difficult to explain and allow
accounting for what a grower
applies to a field and what is
recovered within the crop.
Phosphorus is adsorbed by
clays and by aluminum (Al)
and iron (Fe) oxides in highly
weathered, acid soils or

precipitated on  calcium
carbonate (CaCO0:s) in
calcareous soils.

Hydrated iron and

aluminum oxides

In acidic soils are amphoteric
and are have either positive,
negative or zero charge
depending upon soil pH.
Below the point of zero
charge, usually  8.5-9.0
depending on the oxide,
phosphate, sulfate, and silicate
anions are attracted to the
positively  charged  oxide
surface. Dissociated hydroxyl
lons at the edges of some
clays (kaolinite) result in

sach can 1am 1a nang cao mirc
dd hitu hi¢u cia phan lan cho
cdy trong dé giam anh huéng
xau dén chat luong nudc.

Céac phan wrng cia lan trong
dat

Céc phan ung cta 1an trong dat
rat phtic tap va sau hang thap
ky nghién ciru, van chua thé
giai thich va tinh toan mdt
cach thoa dang dé khuyén céo
cho nong dan lugng lan bon
phu hop dé ting luong lan
duoc cay trong st dung. Lan
duoc hép thu bo1 sét va cac
oxyt sit, nhdm & noi thoi tiét
thay doi 16n, dat chua hodc két
tia voi  carbonate  canxi
(CaCOs) trong nhitng ving dat
giau canxi.

Cac oxid sit va nhém ngim
nuwoéc

Trong méi truong dat chua, sit
va nhom thuodng & dang ludong
tinh va c6 thé mang dién tich
am, dién tich duong hoac zero
tly thudc vao pH dit. Dudi
ngudng dién tich zero, thuong
la 8,5-9,0, phosphate, sulfat va
silicate dugc hap phu bai dién
tich duong trén bé mit oxyt.
Su phan ly ion hydroxyl & phia
ngoai cua khoang sét (kaolinit)
dan t6i qua trinh hap thu twong
tu. Lan hiru hi€u bi giam di va
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similar adsorption processes.
Phosphorus availability
consequently drops and low P
use efficiency results (Havlin,
1999).

In calcareous soils

If P sorption occurs across the
face of calcite surfaces
creating a multi-layer affect.
As the process progresses,
lateral bonds or interactions
develop with other Ca
compounds or precipitates
creating P/Ca clusters. As
these clusters continue to
develop through additional P
sorption, they become the
heterogeneous nucleus of
calcium phosphate crystallites
on the calcite surface. Soils
with  high  amounts  of
exchangeable Ca have a high
capacity to form unavailable
forms of P.

Lindsey and others estimated
that there are over 32 forms of
phosphate that can be
identified by soil x-ray
crystallography. The nature of
the compounds formed when
phosphorus  fertilizers are
added to soil depends largely
upon soil characteristics. In
acid soils aluminum and iron
will usually precipitate the P.
In calcareous soils Ca and Mg
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két qua 1a viéc dung lan kém
hiéu qua (Havlin, 1999).

Trong dat giau canxi

Néu su hap thu lan xay ra qua
cic bé mat canxi s& tao ra anh
hudng nhiéu ting. Khi cic qua
trinh nay xay ra, nhing ndi
phu hoac su tuong tac phat
trién v&i nhitng hop chat canxi
khac hodc két tia tao nén
nhing chudi P/Ca. Khi nhiing
chudi nay tlep tuc phat trién
bang cach hip thu thém P,
chiung tré thanh trung tam cua
modt m& hdn don cac tinh thé
canxi phosphat trén bé mat
canxi. Dat ¢ nhiéu canxi trao
ddi s& dé& thanh 1ap cac dang
lan khong hiru hi¢u.

Lindsey va cac nha nghién ctru
khac phong doan rang co t6i
hon 32 dang lan co thé xéc
dinh dugc bang phuong phap
chup X-quang tinh thé dat.
Hinh thirc tu nhién cua cac
hop chat duoc tao thanh khi
phan lan dwoc bon vao dat
phan 16n tuy thudc vao tinh
chat dic trung cta dat. Trong
dat chua, nhom va sat thuong
gay két tua lan. Trong dat giau



will form insoluble or slowly
soluble precipitates of di-
calcium or tri-calcium
phosphates. It also appears
that the longer the P remains
in the soil the more likely it is
to decrease in availability and
move towards more insoluble
forms  including  apatite
(Follett, 1981; Havlin, 1999).

Phosphorus Uptake

Fertilizer P uptake by plants is
mainly dependent on the
process of diffusion in soil
water. The rate of diffusion is
affected by a number of factors
including fertilizer chemistry
and solubility, soil chemistry,
soil compaction, soil moisture
content, soil temperature, some
of these factors being
manageable and others not.
Historically changes have taken
place in either P fertilizer
chemistry to increase P
fertilizer solubility, P
placement to create higher
localized concentrations which
partially overwhelm P fixation
or simultaneous application of
high concentrations of
ammonium  nitrogen  which
slow fixation and stimulate P
movement into the root
(Mortvedt,  1999). Many
management strategies include
combinations of all of these

canxi, Ca va Mg s€ hinh thanh
nhitng chat két tua phosphate —
2 canxi hoac phosphate — 3
canxi khong tan hodc cham
tan. Ngoai ra khi P cang nim
lau trong dat thi nd cang giam
tinh hitu hiéu va chuyén sang
dang kho tan ké ca dang
apatite (Follett, 1981; Havlin,
1999).

Sw hip thu lan

Phan 1an duoc cay trong héap
thu phan 16n tiy thudc vao qua
trinh khuyéch tan trong dung
dich nudc c6 trong dat. Toc do
khuyéch tan anh hudng boi
nhidu yéu t6 bao gdm kha
nang hoa tan va hda tinh cua
phan bén, hoa tinh, do nén, do
am va nhiét d6 cua dat. Mot sb
nhitng yéu t6 nay c6 thé diéu
khién duoc, mot s6 thi khong.
Nhirng thay d6i mang tinh lich
su da xdy ra ca trong lanh vyuc
hoéa hoc vé phan lan dé nang
cao kha nang hoa tan cua lan
1an cach dat phan lan dé tao ra
nhiing vung tap trung cuc bo
dé vuot qua tinh trang bi cd
dinh hodc dong thoi bon dam
dang ammon ndng d6 cao dé
lam cham lai qua trinh ¢ dinh
lan va kich thich hat lan di
chuyén t6i gan & cay
(Mortvedt, 1999). Pa c6 nhiéu
chién luwoc quan 1y ké ca viée
két hop tat ca nhitng thuc hanh
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practices. However, even
under the best of conditions P
recoverability from the initial
season’s P applications remain
relatively low. The question
remains: what else can be done
to improve P fertilizer uptake
when growers are seeking
higher vyields and high net
returns?

Environmental Implications
Concerns have always been to
increase P uptake in a plant
and relate these increases to
plant growth and
development.  These same
concerns take on new meaning
as the fertilizer industry and
agricultural practices become
more  closely  scrutinized
relative to  environmental
concerns.

Residual P not taken up by the
crop (75-95%) and remaining
on or near the soil surface has
a possible environmental
impact through the combined
effects of soil erosion and
higher P concentrations in
run-off water. A P fertilizer
product that is more efficient,
that produces greater crop
responses, has a positive
impact on returns to crop
producers and leaves less of
an environmental footprint is
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nay. Tuy nhién ngay ca dudi
nhitng diéu kién tot nhat thi
viéc st dung lan trong vu bon
dau tién van rat thip. Van dé
con ton tai 1a: Ching ta phai
lam gi thém nira dé nang cao
kha niang hap thy phan lan khi
nha néng mong muén nang
cao ning suat dong thoi ning
cao hiéu qua dau tu?

Y nghia vé méi truong

Cho t6i nay nhimg diéu ma
nguoi ta luon tap trung cha y
t6i 1a 1am sao cho cdy trong
gia ting hip thu lan va modi
lién h¢ gilta sy gia tang nay
v6i sinh truong va phét trién
ctia cdy. Piéu tuong ty mang ¥
nghia médi khi cong nhiép phan
boén va thyc tién nong nghiép
dang chu y dac biét toi nhitng
van dé vé moi trudng.

Luong P ton du trong dat
khong dugc cdy trong hép thu
(tr 75% t61 95%) va luu ton P
nam ngay canh hay trén bé mat
dat c6 thé giy nén tic dong
manh téi moi trudng qua viéc
két hop gitta x6i mon dat va
nudc chay tran c6 chira ham
lugng 14n cao thoat ra tir dong
rudng. Mot san pham phan lan
duoc coi nhu hiéu qua hon khi
tao nén sy dap rng manh hon
ctia cay trong dbi v6i phan bon
va co tac dong tich cuc vé hiéu



highly desirable. Anything
growers,  researchers and
policy makers can do to
improve P availability can
decrease concerns associated
with P fertilizer utilization

Improving the Performance
of Phosphorus Fertilizers

High Charge Density
Dicarboxylic Copolymers

Specialty Fertilizer Products
has developed and patented a
family of high charge density
dicarboxylic copolymers that
affect the availability and
plant utilization of applied P
fertilizers (Sanders, 2011).
These compounds are
biodegradable and highly
water-soluble. The
technology (Avail®) can be
applied directly to granular P
fertilizers (CAS 556055-76-6)
as a coating or mixed into
liquid fertilizers (CAS
701908-99-8).

qua kinh té d6i v6i nha nong
va it dé lai hau qua cho moi
truong thi s€ chiém duoc su
mong doi cao dJ. Tat ca nhirng
diéu cac nha nghién ctru, nha
nong va nha hoach dinh chinh
sach c6 thé lam dé nang cao
lwong 1an hiru hi€u thi ciing co6
thé phai l1am 1a giam sy lo au
lién quan t61 cach su dung
phan lan.

Cai thién sw hoat dong cua
phéan lan

Mat do dién tich cao cua cac
hgp chat co-polymer goc Di-
carboxylic

Cong ty Specialty fertilizer
Products dé phét trién va diang
ky ban quyén mot ho gom
nhitng hop chat co-polymer
Dicarboxylic tap trung mat do
dién tich cao anh hudng tich
cuc t&1 luong 1an hiru hi¢u va
sir dung phan 1an cua cay trong
(Sanders, 2011). Nhitng hop
chat nay c6 kha ning ty phan
huy va tan trong nudc. Ky
thuat nay (AVAIL®) c6 thé ap
dung truc tiép vao hat lan nhu
mot chat boc ngoai (CAS
556055-76-6) hodc tron véi
dung dich phan Ilan (CAS
701908-99-8).
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The mode of action is the high
charge density of the polymer
(approximately 1500 meqg/100
g of polymer) results in
adsorption or sequestration of
polyvalent metal cations in

soil  solution where the
granular P fertilizer is
dissolving, disrupting and

delaying normal P fixation
reactions resulting in extended
availability of highly water
soluble  ammonium  and
calcium phosphates.

Results of a laboratory study
(Table 1) at Kansas State
University show the effects of

varying  concentrations  of
Avail polymer coated on
granular monoammonium

phosphate (MAP) which was
placed in 100 ppm solutions
of Ca, Fe and Al The
resulting P concentrations in
solution show that the
polymer affected the reactions
of the three cations with the
dissolving MAP allowing
more P into solution and
which would ultimately be
available for plant uptake.
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Co ché hoat dong 1a do mat
do dién tich cao cua polymer
(co thé té6i 1500 meq/100 g
polymer) dua toi két qua 1a su
hép thu hoac su thau tom cua
nhiing cation kim loai da hoa
tri trong dung dich dat noi ma
hat phan lan dugc hoa tan s€
pha v& hoac lam cham Ilai
nhitng phan ung cd dinh 1an
binh thuong dua téi két qua
1am ting s6 luong cac hop chét
P dé tan trong nudc nhu
ammonium  phosphate  va
calcium phosphate.

Két qua trong phong thi
nghiém (Bang 1) tai Dai hoc
tiéu bang Kansas cho thay hiéu
qua tir nhiéu nong d6 khac
nhau cua polymer AVAIL
dung boc ngoai hat
monoammonium  phosphate
(M.A.P) khi chung dugc dé
trong dung dich nong do
100ppm ciia Ca, Fe va Al. Két
qua do nong do P trong dung
dich di ching t6 1a chat
polymer da anh huong tdi
phan Ung cua ba cations tdi su
hoa tan MAP cho phép co
nhiéu P hon trong dung dich,
diéu nay co6 nghia 14 luong 1an
hitu hiéu trong dung dich sin
sang cho cdy hap thu duoc
tang lén.



Table 1. Polymer effects on MAP solubility in various solutions

MAP coating Cation ppm Mgm P/gram % of total P in
% polymer MAP solution
0.00 Al 100 236.9 455
0.25 Al 100 298.4 57.4
0.50 Al 100 284.5 54.7
0.75 Al 100 326.0 62.7
1.00 Al 100 309.4 58.9
0.00 Ca100 251.5 48.4
0.25 Ca 100 295.8 56.9
0.50 Ca 100 314.1 60.4
0.75 Ca 100 3104 59.7
1.00 Ca100 308.2 59.3
0.00 Fe 100 289.9 55.8
0.25 Fe 100 316.7 60.9
0.50 Fe 100 303.5 58.4
0.75 Fe 100 329.2 63.3
1.00 Fe 100 305.2 58.8

20°C. 24 hours. No stirring. Griffith, Kansas State University

Recent and continuing studies
by Dr. Ganga Hettiarachchi

(Pierzynski, 2012) and her
students at Kansas State
University  (USA)  have

shown through the use of x-
ray near edge spectroscopy
(XANES) that reaction
products of both granular
orthophosphates and  fluid
polyphosphates in  highly
acidic, oxidized Brazilian soil
and calcareous soil from the
state of Idaho in the USA
were substantially affected by
the presence of the Avail
polymer. Percentages of
more soluble forms of P
increased in both cases.

Nhitng nghién ctu gin day
dang tiép tuc trién khai cua TS.
Ganga Hettiarachchi
(Pierzynski, 2012) va cac hoc
sinh cua ba tai Pai hoc tiéu
bang Kansas (USA) da thé hién
qua viéc st dung k¥ thuat X-
quang ngoai quang phd
(XANES) 1a nhiing san pham
cua phan Ung vdi cd hai loai
lan, lan lién két phosphat dang
ran va lan da phosphat dang
long, lay tir dat rat chua da
duoc oxid hoa tir Brazil va véi
dat giau canxi iy tir tiéu bang
Idaho ctia My déu bi anh
huong manh bdi sy hi¢n dién
cua polymer AVAIL. Ty I¢ P
dé tan déu gia ting trong ca hai
truong hop.
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Avail effects on aluminum
toxicity. A study at
Washington State University
(USA) by Dr. Rich Koenig
(personal communication)
emphasized the effects of the
Avail polymer on the activity
of trivalent Al ions in
solution.  The sensitivity of
wheat varieties to Al toxicity
was investigated in the lab
with three Al concentrations
in the growth medium at pH
4.5 (Fig. 1A). Root length
was measured as an
indication of plant growth or
Al sensitivity.  When the
Avalil polymer was
introduced into the growth
media at 0.5%, the effects of
Al disappeared (Fig. 1B).
Similar results were reported
at pH 5.0.

Phosphorus in Soil Solution
Enhanced P  availability
through reduced fixation has
been demonstrated to enhance
vertical P mobility. Studies
in lowa (USA) with fluid
starter P applications for
maize by Dr. John Kovar,
USDA-ARS (Kovar, 2004)
have demonstrated that P
mobility vertically in the soil
can be considerably increased
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Anh huwéng cia AVAIL t6i
ngd doc nhom. Mot nghién
ctru cua TS. Rich Koeing (lién
hé ca nhan) tai Bai Hoc tiéu
bang Washington (USA) nhin
manh dén hiéu Ung cua
polymer AVAIL trén hoat
dong cua ion nhom hoa tri 3
trong dung dich. Sy nhay cam
ciia cac giong lua mi d6i voi
tinh trang ngd doc nhom da
dugc nghién ctru trong phong
thi nghiém voi ba ndng do
nhom khac nhau & moi truong
dung dich trong c6 pH 4,5
(Hinh 1A). Chiéu dai coa ré
duoc do nhu mot chi sd vé do
tdng truong cua cay hodc do
nhay cam véi nhom. Khi cho
AVAIL c6 nong d6 0,5% vao
mdi truong trong, nhimg hiéu
ung do nhom gay ra khong
hién dién nita (Hinh 1B). Két
qua tuong tu cling thé hién voi
do pH 5,0.

Lan trong dung dich dat

Nang cao luong lan hitru hi¢u
bang cach giam bét su ¢b dinh
lan d3 dwoc chimg minh bang
cach nang cao sy di chuyén lan
theo chiéu sau. Nhiing nghién
caiu cua TS. John Kovar,
USDA-ARS (Kovar, 2004) tai
Iowa (USA) véi viée st dung
dung dich lan lam phan bon
cho cdy ngd di chimg to rang
su di chuyén theo chiéu sau



(10 cm) by the presence of
high concentrations of
ammonium ions (2.1 N to
P.Os ratios) in the same soil
retention  zone. Those
ammonium ions, like the
polymer, are assumed to have
interrupted normal P fixation
reactions through the
modification of the
microenvironment of the P
application zone.

trong dét ciia phan tir 1an c6 thé
taing 1én dang ké (10 cm) voi
su hién dién néng do cao cua
nhitng ion ammonium (ty 1€
2:1 gitra N va P,Os) trong cung
ving dat co tinh giir 1an nhu
nhau. Nhitng ion ammonium
d6, gidng nhu cac polymer,
dugc gid dinh la da lam gian
doan nhitng phan tng c6 dinh
lan binh thuong bang cach sira
d6i vi truong trong viung bon
lan.

Fig. 1A. ALUMINUM EFFECTS ON WHEAT GROWTH
Koenig, Washington State Univ.

100 T pH=257no Avail
90 /.
= 80
g 70
E 60 P -e- 0 umol Al
S 50 / -=- 200 umol Al
= 40 400 umol Al
S 30
10 7/
o ' T T T
0 1 2 3 4

Days after germination
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Fig. 1B ALUMINUM EFFECTS ON WHEAT IN PRESENCE OF AVAIL
POLYMER
Koenig, Washington State Univ.
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University of  Wisconsin
studies (Laboski, C., 2007)
of the concentration of
available P in the soil solution
as affected by Avail® coated
at 0.25% (2.1 liters/ton) on
monoammonium  phosphate
(MAP) for potatoes showed
that Avail® enhanced
concentrations of P in the soil
solution  throughout  the
growing season. Quoting
Dr. Laboski, “At one inch
(2.5 cm) below the seed piece
on June 18th(1%t flower), July
2nd, and July 16" at

Hancock, solution
concentrations from
MAP+Avail® were

significantly  greater than
MAP and control. No
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DPai hoc Wisconsin da nghién
cuu tim néng do lan hiru hiéu
trong dung dich dat bi anh
huéng bdi AVAIL nhu thé
nao khi st dung mono
ammonium phosphate (MAP)
dugc boc mot 16p AVAIL
noéng do 0,25% (2,1 lit cho
mot tin) roi dem boén cho
khoai tdy thi thidy rang
AVAIL nang cao nong do cta
lan trong dung dich dat trong
sudt vu trong. Xin trich din
16i TS. Laborski: “O d6 sau
2,5 cm bén dudi hat vao ngay
18 thang sau (c6 hoa dau tién)
ngdy mong 2 thang bay va
ngdy 16 thang bay tai
Hancock, nong do dung dich
cua MAP tron vo1 AVAIL 16n
hon dang ké so véi MAP dbi




difference between treatments
at six inches (15 cm)”. These
results indicate a modification
of soil P reactions due to the
presence of the Avail®
polymer.

chung. Khong cé sy khac biét
khi khao sat & do sau 15 cm”.
Két qua nay cho thiy sy thay
d6i phan tmg ctia lan trong dat
la do sy hién dién cua
polymer AVAIL.

Seed Piece

Fertilizer

Fig. 2. SAMPLING SOIL SOLUTION FOR P MOBILITY

Dr. Carrie Laboski, Univ. of Wisconsin

ampler Connection
Tube

Rhizon Soil
Moisture Sampler

Polymer Effects on Plant
Responses to Applied P

Phosphorus fertilization
effects on plant growth and
yields can be influenced by
several factors including:

* Methods of P application
* Type of crop

* Crop variety or hybrid

* Soil pH

Tac dung cta Polymer téi
sw dap uwng cua cay trong
doi voi phan lan

Tac dong cua phan lan toi
sinh trudng va ning suit ciy
trong c6 thé bi anh huong boi
nhiéu yéu t6, bao gdbm:

* Phuong phap bon phan lan

* Loai cay trong

* Cac giéng cdy trong

* pH dat
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* Soil composition

* Soil test P levels

* P application rates

* High charge
polymer

density

Greenhouse and field
investigations have evaluated
polymer effects on crop
responses to applied P with
variables of the factors listed
above.

Initial Greenhouse Study

The initial study with the
polymer that became Avail®
was conducted at Kansas
State University by Dr. Ray
Lamond (Sanders, 2011). An
acid (pH 4.7) soil, high in soil
test P, was selected for the
study because of the acidity
of the site (no liming) and the
high P soil test produced by
continued P application for
wheat and poor plant
utilization. Maize was
planted in rows and MAP
with or without the polymer
was banded 2.5 cm to the side
and 2.5 cm below the seed
with a target application rate
equivalent to 45 kg P2Os/ha.
Growth effects of the polymer
were striking (Table 2). After
30 days, plants were
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* Thanh phan co gioi dét

* Ham luong 1an trong dat

* Liéu lugng phan lan

* Mat do dién tich cao cua
polymer

Cac nghién curu trong nha ludi
va ngoai dong da danh gia tac
dong cua polymer 1én sy dap
ung cua cay trong d01 voi
phan lan véi nhleu blen sO tly
thudc vao cac yeu t liét ké &
trén.

Nghién ctru ban diu trong
nha luéi

Nghién ciru ban dau véi hop
chat polymer ma sau nay duoc
dat tén la AVAIL da duogc TS.
Ray Lamond thuc hién tai Dal
hoc tiéu bang Kansas
(Sanders, 2011). Loai dat
chua, pH 4,7 (acid soil) c6
ham lugng 1an cao dugc chon
dé nghién cru vi quanh ving
d6 dat rat chua (khong bon
v6i) va ham luong lan trong
dét cao do viée lién tuc bon lan
cho lta mi nhung cay trong st
dung rat kém. Cay ngd duoc
trong theo hang va st dung
MAP, c6 boc polymer va
khong boc dé doi ching, duoc
boén tap trung theo hang doc
hai bén va bén dudi hat ngo &
khoang cach 2,5 cm. Luogng
phan bén nhim dat toi luong
45 kg P2Os/ha. Polymer da gay



harvested, dried, weighed,
ground and analyzed. Results
reported in Table 2 showed a
highly significant effect of
polymer on plant dry weights,
P concentration and P uptake
and encouraged expansion to
field studies.

anh hudng manh to1 su tang
truong cua cady ngd (bang 2).
Sau 30 ngay, cay ngd dugc thu
hoach, phoi khd, céan, nghién
min va phan tich. Két qua thé
hién & Bang 2 cho thy nhiing
anh huong dang ké cua
polymer nay tdi trong lugng
kho cua cady, ham luong lan
trong cay va luong lan dugc
cay trong hap thu. Két qua nay
da khich 1€ viéc nghién ciru
rong rdi ra ngoai dong.

Table 2. Initial avail polymer evaluation - maize
Greenhouse

Bang 2. Banh gi4 ban dau vé tac dung cua avail trén cay ngd
Trong nha kinh

Material Dry weight P. Conc. P. Uptake
Grams % mgm
Control 5.18 0.827 43.2
P1X* 8.90 0.996 88.7
P2X 9.55 1.043 99.6
LSDos 2.47 0.177 31.8

Lamond, Kansas Univ. USA
*Two initial AVAIL formulations
Soil pH-4.7; Soil test P=74ppm Bray-1
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Field Research

Wheat. A large number of
field trials with various crops
have demonstrated that the
benefits of improved P
availability ~ from Avail
polymer occur under a wide
array of soil conditions and
methods of P application. The
guestion of polymer effects on
P response on higher pH soils
was addressed in an early
wheat study in Arkansas in the
USA on a soil pH of 7.6.
Under those conditions,
polymer coated MAP was
more effective than uncoated
MAP (Table 3). Yields
produced by P banded with the
seed (starter), P broadcast, and
broadcast mixtures of seed and
MAP were all significantly
increased with Avail®
coating of MAP. Kansas data
showed significant  Avail
effects on hard red winter
wheat produced on soils low
to medium in available P, pH
6.2, 1.8% organic matter
(Table 4) when P was banded
with the seed at planting.
Kansas wheat studies on high
P testing soil (75 ppm Bray-1)
acidic soil also showed a
significant yield response of
wheat to polymer coated
MAP. Although these soils
test high for P, they also have
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Nghién ciru ngoai dong

Lda mi. Mot s6 16n thi nghiém
duge thuc hién véi nhiéu cay
trong khac nhau di minh
ching ich loi cua viée lam gia
tang luong lan hiru hi¢u do sur
dung AVAIL trong cac diéu
kién rong rai vé dat dai va
phuong phap bén lan. Van dé
dit ra vé hiéu qué cia polymer
to1 sy dap Ung voi phan lan
trén ving dat c6 pH cao di
duoc dé cap ngay tir nhirng
nghién ctru dau tién trén lta mi
0 Arkansas, Hoa Ky trén ving
dat c6 pH 7.6. Trong nhiing
diéu kién nhu vdy, MAP duoc
boc polymer da c6 hi€u qua
hon so véi MAP binh thuong
(Bang 3). Nang suét dat duogc
tor cac phuong phap bon phéan
lan khac nhau déu cé su gia
taing dang ké khi tron AVAIL
voi MAP. Caic sb lieu &
Kansas dd cho thdy hiéu qua
dang ké cua AVAIL trén lua
mi do6 dudéi vu DPong duoc
trong trén dat c6 ham luong
lan dé tiéu tir thdp toi trung
binh, pH 6,2 va ham luong
chat hitu co 1a 1,8% (Bang 4)
khi 1an dugc bon theo hang
cung luc gieo hat. Cac nghién
ctru & Kansas trén dat chua c6
ham luong lan cao (75 ppm,
Bray 1) ciing the hién sy dap
ing dang ké vé ning suat lGa
mi ddi véi MAP duoc boc



a high P fixation capacity due
to their very low pH (4.7, data
not shown).

University  of  Maryland
studies produced similar Avail
effects on wheat on acidic
soils in the eastern USA with
yield increases averaging near
0.5 t/ha (data not shown).

Rice. Paddy rice studies with
Avail polymer in the USA
(Dunn, 2008; Table 5) and the
Philippines (Table 6) have
shown excellent yield
increases with P fertilization.
Greatest Avail effects were
reported at the lowest P rate in
the direct seeded University of
Missouri study which
suggested improved P use
efficiency compared to higher
P rates.

In Philippines studies with
Avail coated 16-20-0 on
transplanted  lowland  rice
NSIC Rc128 grown in sandy
clay loam soil with medium
soil P level, comparable grain
yield (Table 6) was obtained
with application rates of 30

AVAIL. Mic du ving dat co
ham luong lan cao, n6 cling co
kha ning cb dinh lan cao do
pH thap (4,7 s6 liéu khong
trinh bay) .

Nghién cuou tai Dai hoc
Maryland vé anh hudng cua
AVAIL trén laa mi trong trén
dat c6 do acid cao & phia dong
nuéc My ciing cho nhirng két
qua tuong tu ning sut ting
trung binh khoang 0,5 tan/ha
(dir 1iéu khong trinh bay).

Lla. Cac nghién curu trén cay
lha vé1 polymer AVAIL tai
M§ (Dunn, 2008, Bang 5) va
Philippines (Bang 6) da thé
hién su gia ting niang suat rat
16n do bon phan lan. Hiéu luc
cua AVAIL duogc bao cao la
16n nhat khi luong phan lan
bon & muc thap nhit trén lua
gieo thang do Dai hoc
Missouri nghién ctru di dé
xuat 12 1am ting hiéu qua sir
dung phan lan cao hon so véi
tang liéu luong phan lan.

Nghién ctru tai Philippines khi
dung AVAIL boc phan 16-20-0
trén gibng lia nudc NSIC
Rc128 duoc cdy ¢ ving dat thit
pha cat c6 ham lugng lan trong
dat & muc trung binh, ning suat
(Bang 6) ghi nhan la tuong
duong nhau véi lugng bon 30
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and 60 kg P20s/ha indicating
improved P use efficiency
with Avail-P coating. On the
other hand, when Avail-P
coated 14-14-14 was used as
the P source, reducing the rate
of application from 60 to 30
significantly increased the
grain yield of NSIC RC 128
from 5.265 t/ha to 5.910 t/ha, a
12.3 percent yield increase (de
la Cruz, 2008). That suggests
that possibly an interaction
with zinc (Zn) might have
existed at the higher P rate.
Such an interaction is not
related to Avail restricting Zn
or other micronutrient metal
availability or uptake but
rather by improving P
availability and uptake and
thereby placing more pressure
on borderline Zn availability.
This is the classic P-Zn
interaction that has been
understood and well
documented for over 50 years.
Actually Zn adsorbed by the
Avail  polymer itself s
sequestered, less subject to
soil reactions and is more
available to plants than
Inorganic Zn sources such as
zinc sulfate or zinc oxide.
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va 60 kg P,Os/ha, diéu d6 cho
thdy rang AVAIL boc P c6 thé
nang cao hiéu qua st dung phan
lan. Trong khi do, bon 14-14-14
c6 boc AVAIL duoc st dung
nhu ngudn cung cap lan, duoc
giam lugng bon tir 60 xuong 30
da lam ting ning suat gidng lua
NSIC Rcl28 mdt cach co y
nghia, tang tor 5,265 t/ha |én
5,910 t/ha, tirc 1a ting ning suat
12,3% (de la Cruz, 2008). Két
qua nay cho thy rang su tuong
tac voi kém (Zn) c6 thé ton tai
v6i luong lan bon cao. Nhiing
twong tac nhu vay khong lién
quan to1 vigc AVAIL lam han
ché k&m hoidc cic nguyén t6 vi
lwong khac & dang san sang cho
cay héap thu dé tao thém ap luc
trén nhimg ving dit c6 ham
luong kém vira du cho cay su
dung ma thuc té 1a AVAIL chi
lam gia tang luong 14n hiru hi¢u
ciing nhu gia ting kha ning hap
thu cta ciy trong. Pay 1a mot
tuwong tac gitra lan va kém thudc
loai c6 dién da dugc hiéu biét
tuong tan va ghi chép tai liéu 1o
rang trong sudt hon 50 ndm qua.
Thyc ra lugng kém bi AVAIL
hap thu tu ching tim t6i, khong
phai loai kém sin sang giy ra
cac phan tng trong dat va
ching hiru hiéu cho cy trong
hon 14 cac loai kém gbc vo co
nhu kém sulfat va kém oxid.



Table 3. POLYMER AND P APPLICATION
METHOD EFFECTS ON WHEAT

Arkansas, _USA
Treatment Grain Yield t/ha

Control 3.14
MAP banded 3.68
MAP + polymer, banded 5.17
MAP broadcast 3.91
MAP + polymer, broadcast 4.41
MAP + seed, broadcast 3.70
Map + polymer + seed, broadcast 4.59

LSD (0.05) 0.44

33 kg P205/ha. Soil P test low. Soil pH=7.6.
Palmer, University of Arkansas

Table 4. Wheat responses to p and avail

Kansas, USA
Treatment Yield
Kg P205/ha banded with seed Tons/ha

0 5.35
22 DAP 5.62
22 DAP + Avail 5.87
44 DAP 5.87
44 DAP + Avail 6.17
LSD .05 0.23

Gordon, Kansas State Univ.
DAP = diammonium phosphate. Crete silt loam: pH = 6.2, P = 18 ppm
Bray 1
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Table 5. Effect of avail and phosphorus rate on rice yield and net return
averaged over 3 years.

Missouri, USA
Yield + Net return
TSP TSP + TSP TSP +
P rate Avail Avail

kg POstha! | = ----- tons/ha----- | ------ $/ha------
0 6.75d -- 1489 ¢ --

25 7.21c 7.56 ab 1573 b 1650 a

50 7.51 bc 7.61 ab 1610 ab 1645 a

100 7.76 a 7.76 a 1650 a 1638 a

P source: Triple superphosphate TSP. D. Dunn, Univ. of Missouri
+ Yields followed by same letter not significantly different at the P=0.1
level.

Table 6. Grain and straw yields of lowland rice var. nsic 128 as affected
by avail-p and p source

Mufioz, Nueva Ecija, Philippines

Treatment|  PHOSPHORUS P GRAIN | STRAW | AGRONOMIC
FORM RATE YIELD | YIELD EFFICIENCY
(kg (14% (t/ha) *
P20s/h MC)
a) (t/ha)
1 16-20-0 30 4,900d | 5.479b 2.71
2 16-20-0 60 5.235c | 5.667b 1.38
3 16-20-0 + AVAIL 30 5.725ab | 5.764 b 4.40
4 16-20-0 + AVAIL 60 5.685ab [ 5.772b 2.13
5 14-14-14 30 5.310c | 5.375b 3.02
6 14-14-14 60 5520 bc | 5.467b 1.86
7 14-14-14 + AVAIL 30 5.910a | 6.590a 5.02
8 14-14-14 + AVAIL 60 5.265¢c | 6.536 a 1.43
9 Check 4.405¢ | 4.602c
0

Dr. Nenita de la Cruz, Central Luzon University, Philippines
Yields followed by same letter not significantly different at the P=0.05 level.

Ngudén phan lin. Vi nghién
ctru ¢ Philippines lién quan toi
hai cong thic lan khac nhau.

Phosphorus Fertilizer
Sources. Since the Philippine
work involved two different P
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formulations, it is timely to
point out that numerous studies
with both orthophosphates and
polyphosphates and  with
ammonium  and  calcium
phosphates indicate that the
Avail polymer is effective in
improving the efficiency of P
regardless of the P chemistry of
the applied fertilizer P. Early
evaluations with granulated
rock phosphate in other
studies indicated that there was
essentially no effect of Avail
on that product. Further, Avalil
does not release P that has
already been fixed in soil
reactions and applying the
polymer alone will not enhance
P availability. Carry-over trials
have not shown an Avail effect
on crops the following year. It
should be pointed out as well,
that dusty, porous fertilizer
material will not coat evenly
with  Avail polymer and
responses will be poor.

Maize. Maize data (Table 7)
indicate (1) that Avail effects
are not related to species and
(2) show an example of Avail
performance on an acid soil pH
(5.9) with a low P soil test and
both broadcast preplant and
banded P (starter) applied
beside the row at planting).
The data indicated no maize

Pay 1a lic dé chi ra mot sb
khao nghi¢m da duoc thyuc hién
v6i cd hai loai 1an: Lan lién két
phosphat (orthophosphate) va
lan da phosphat
(polyphosphate), v&i1 phosphat
canxi va phosphat ammén két
qua cho thay AVAIL lam tang
hiéu qua cta 1an bét ké hoéa tinh
cua loai lan nao. Nhitng danh
gia ban dau véi loai 1an dang
hat san xuat tir quing phosphat
qua cac nghién ctru khac cho
thdy AVAIL khéng c6 tac dung
gi voi loai lan nay. Hon nita,
AVAIL khdng phong thich
dugc nhirng hat lan da bi cd
dinh qua cac phan ung trong
dat va néu chi st dung mot
minh polymer nay cling khong
nang cao duoc luong lan hitu
hiéu. Xin néi thém la AVAIL
khoéng boc that déu ddi véi 1an
dang bot va dang hat xép do doé
s€ lam cho hiéu qué kém di.

Ngb. Cac sb liéu vé ciy ngd
(Bang 7) cho thay (1) tic dung
cua AVAIL khong lién quan
t61 gidng ngd va (2) mot thi du
vé su hoat dong cua AVAIL
trén dat chua c6 do pH 5,9 va
ham luong lan dé tiéu thap, vai
hai phuong phép bon lan 1a bon
vai trudc khi gieo hat va bon
theo dai cung luc vdi gieo hat.
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response to untreated MAP, but
a significant response to
polymer-coated MAP (0.25%).
(unpublished report to
Specialty Fertilizer Products,

SFP).

Céac sb liéu cho thdy cay ngd
khong phan ung voi MAP
khong boc AVAIL nhung tat ca
déu phan tng dang ké ddi voi
MAP c6 boc AVAIL (bao cao
riéng cho SFP).

Table 7. Maize response to enhanced P availability

Missouri, USA
Treatment Yield (t/ha)
Control, No P 8.46
MAP broadcast 8.28
MAP + Polymer broadcast 9.47
MAP banded 8.28
MAP + Polymer banded 9.85
LSD 0.05 1.00

22kg P205/ha Soil test Bray P-1: 7ppm Soil pH: 5.9 Blevins, University

of Missouri

MAP coated with Avail also
performed well on medium to
high P testing, near neutral
soils in Kansas (Gordon,
2007). Irrigated maize yields
were increased from 0.5-1.25
t/ha over the uncoated MAP
by polymer coated MAP
applied as a starter banded 5
cm to the side and 5 cm
below the seed (Table 8).
Early season plant dry
weights, plant P
concentrations and P uptake
were also increased by the
enhanced P availability in this
3-year study. Apparently
there is still opportunity for
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MAP dugc boc AVAIL cling
thé hién tot trén dat c6 ham
luong lan trung binh va cao,
dat gan trung tinh & Kansas
(Gordon, 2007). Ning sut
ngd co tudi gia tang tu 0,5 to1
1,25 t/ha do duoc bon MAP
c6 boc AVAIL, bon theo dai
khi gieo hat cach 5 cm hai bén
va 5 cm phia dudi day hat, so
voi bon MAP thong thuong
(Bang 8). Trong luong chit
kho, ham lugng lan trong cay
va lugng lan hap thu ciing gia
tang do sy nang cao lugng lan
hiru hi€u trong nghién cuu 3
nim nay. RS rang 1a van con
co hoi dé cai tién quan 1y bon




improved P management on
soils with good P soil tests
and moderate pH levels.

lan v6i loai dat c6 ham luong
lan khé& cao va pH ¢ do vua
phai.

Table 8. Enhancing p availability for irrigated maize with AVAIL

Kansas, USA
Treatments Yield (tons/ha)
Kg Year 1 Year 2 Year 3

P205/ha

banded
Control 10.78 b 7.46 ¢ 10.60d
22 MAP 12.04 a 8.91d 12.04 ¢
22 MAP + 12.48 a 10.85 bc 13.17 a
Avail
45 MAP 12.10 a 10.53 ¢ 11.79 bc
45 MAP + 12.10 a 11.92 ab 13.17 a
Avalil
67 MAP 12.10 a 10.85 bc 12.23 b
67 MAP + 12.61 a 12.16 a 13.17 a
Avail

Duncan’s multiple range test, 5% level
P banded at planting. Soil pH: 6.8; Soil P = 25.38ppm Bray-1

Gordon, Kansas State Univ.

A two-year study on the same
soils as reported in Table 8
and including 3 rates of P
showed that Awvail polymer
applied with P in the autumn
was as effective as that
applied in  the spring
immediately prior to maize
seeding (Gordon, Kansas
State Univ., data not shown).
Those studies indicated that
the polymer remained
effective in temperate soils for

Mot nghién ctru hai nam trén
cing modt khu dat nhu bdo céo
trong Bang 8, v4i 3 luong phan
lan dugc bon dd cho thiy rang
AVAIL tron véi phan lan duoc
bon ngay trudc khi ngd gieo hat
vao mua thu cling cho hi€u qua
twong tu nhu khi bon vao mua
xuan (Gordon, Pai hoc tiéu
bang Kansas, s liéu khong trinh
bay). Cac nghién ctu dé cho
thay rang polymer nay duy tri
hiéu luc tir 11 — 12 thang trong
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a period of 11-12 months.
Bacterial degradation of the
polymer molecule begins at
the ends of the chain and
proceeds slowly. Rates of
degradation, however, may be
higher under tropical
conditions but are still slow
enough that excellent
responses  are  produced
(Philippines).

Studies in Argentina showed
significant Avail effects on
maize when Avail was coated
at 0.25% on MAP (Sanders,

2011). In those studies,
largest responses were
recorded on acidic, low P

testing soils with 2.3-3.4%
organic matter when both
Avail and the N management
polymer Nutrisphere-N were
both used (Table 9). Similar
benefits from use of both
polymers have been reported
in the USA with maize, cool
season forage grasses and
cotton.
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dat o6n d6i (temperate soils).
Phan tir polymer bi vi khuan
phan huy tir hai dau mot céch
cham chap. Tuy nhién trong
diéu kién nhiét d6i thi sy phan
huy c6 thé tién hanh nhanh hon,
nhung van di thoi gian dé phan
bon phat huy hiéu qua cao nhat
(Philippines).

Nghién ctru tai Argentina cho
thdy hiéu qua dang ké cua
AVAIL trén cay ng6 khi
AVAIL dugc boc voi MAP ¢ ty
1¢ 0,25% (Sanders, 2011). Trong
nhirng nghién ctu nay, su dap
mg 16n nhat duoc ghi nhan trén
dat chua c6 ham luong lan dé&
tiéu trong dat thap, ham luong
chat hitu co tr 2,3% t6i 3,4%
khi ca hai chat, AVAIL va
Nutrisphere-N  (chat quan Iy
dam), dugc st dung cung luc
(Bang 9). Loi ich tuong tu tir
viéc st dung cung luc ca hai loai
polymer cling da dugc bao céo
tai Hoa Ky d6i voi cdy ngd, co
lam thirc an gia sic vao mua
lanh va cay bong vai.



Table 9. Maize responses to AVAIL and nutrisphere-N polymers
Argentina

Unit: Kg/ha

Polymer applied

Experiments locations

N Requirement mavaTL Nutrisphere- [Exp.Station |Acevedo ([Ocampo Mercedes
N

100% No No 6.369 7.746 4777 6.292

Yes 6.112 7.731 4.572 7.077

Yes No 6.385 7.906 4.788 7.679

Yes 6.253 8.265 4.926 7.536

80% No No 6.109 7.726 4.685 6.580

Yes 6.728 8.043 4.841 7.210

Yes No 6.690 7.856 4.374 6.083

Yes 6.319 8.166 4.413 7.083

Overall rates Without Avail 6.388 7.809 4.656 6.659

With Avail 6.353 8.051 4.688 7.227

Without Nutrisphere 6.330 7.811 4.719 6.790

With Nutrisphere 6.412 8.048 4.625 7.096

pr > F Treat 03 0,99 0,91 0,64

LSD s% 638 1840 2809 690

CV % 4,61 19,6 27,6 10,0

Melgar, INTA, Pergamino, Bs As, Argentina
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Table 10. Enhancing P availability for maize

Minnesota, USA

P source P Uptake V-6 Yield
Kg P20s/ha Gram/12 plants (ton/ha)

0 1.85 8.53
28 DAP 1.77 9.47
28 DAP + AVAIL 2.72 10.79
56 DAP 2.17 9.72
56 DAP + AVAIL 2.47 10.98
LSD 0.05 0.79 1.38

P broadcast preplant. Silt loam soil: pH 7.3 7 ppm Olsen P

Randall, Univ. of Minnesota

Broadcast preplant DAP with
Avail on higher organic
matter (5-6%) soils in the
northern Corn Belt of the

USA also increased maize
response to applied P.
Initially, there was some

concern that higher organic
acid concentrations in soil
(from organic matter) might
mask the effects of the Avalil
polymer. Both the University
of Minnesota study in Table
10 and grower field
experiences have
demonstrated that the
polymer technology also has
merit under these kinds of
conditions. Note that the soil
pH associated with the trial
was slightly above neutral
emphasizing that P use
efficiency can be modified
even when soil conditions are
considered to be near optimal

366

Bon véi phan DAP cé tron
AVAIL trude khi trong trén dat
c6 ham luong chat hitu co cao
(5-6%) o phia bac Corn Belt
nudc My cling lam gia tang su
dap Gmg cua cay ngd ddi véi
phan 1an. LGc dau c6 vai nghi
ngd vé nong do acid hiru co
cao trong dat (xuit phat tir cac
chét hitu co) co thé s& che mat
hiéu tng cua AVAIL. Tuy
nhién, ca nghién cuu cua Pai
hoc Minnesota thé hién trén
Bang 10 va cac thuc nghiém
trén rudng dong cta ndng gia
déu ghi nhan wu diém cua ky
thuat polymer dudi nhimng diéu
kién nay. Xin ghi chu rang do
pH cua dat hoi cao hon trung
tinh mot chut tai cac thu
nghi¢m dé nhan manh viéc c6
thé diéu chinh viéc sir dung
phan lan mdt cach hiéu qua
ngay ca khi cac diéu kién vé
dat trong duoc coi nhu rat gan




for P availability (Randall,
Minnesota,
unpublished report to SFP).

Univ. of

Table 11: Enhancing P availability for irrigated soybeans

V&1 cac diéu kién t61 vu cho lan

htru

hiéu

(Randall, DBH

Minnesota, péo cao cho SFP,
chua cong bo).

Kansas, USA
Treatments Yield, tons/ha
Kg P20s5/ha 2002 2003 2004 3 year
everage

Control 3.49d 2.15d 4.03d 3.22d
33 MAP 417 c 2.70 ¢ 4.64c 3.90¢c
33 MAP + 470b 3.83a 5.24a 4.64a
AVAIL
67 MAP 417 c 3.16b 497b 410b
67 MAP + 490 a 3.90a 5.30a 470 a
AVAIL
Duncan’s multiple range test 5% Gordon,

Kansas State Univ.

P banded 5 x 5cm beside row. Soil test 38ppm Bray-1. Soil pH: 6.8

Soybean. Soybean has also
responded well to banded
(starter) polymer-coated MAP
with yield increases up to 1
ton/ha over uncoated MAP
(Gordon, 2007, Table 11)
although  significant yield
increases in other studies
have  been  substantially
smaller (0.20 t/ha). These
responses occurred on soils
with good P soil tests and
moderate pH levels indicating
there is still opportunity for
improved P management
even under good conditions.

Pau twong. Dau tuong ciing
dap Gmg tot d6i véi MAP c6
boc AVAIL va bon theo dai,
lam ting ning suit 1én toi 1
tin/ha so voi MAP binh
thuong (Gordon, 2007, Bang
11) mic duo phan lén cac
nghién ctu khac cho thiy
ning suit gia ting thip hon
(0,2 t/ha). Nhitng dap trng nay
Xay ra trén cac vung dat co
ham luong 1an kha va pH dat
vira phai, diéu nay cho thay
van con co hdi dé cai tién viée
quan ly bon lan dudi nhiing
diéu kién tot.
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Potato.  University potato
studies in the western USA
on high pH soils also show
positive effects of Avail
coated MAP compared to
untreated MAP (Hopkins et
al.,, 2008; Hopkins, 2011;
Stark, 2012). Stark at the
University of Idaho reported
yields were increased at two
P rates by the polymer
coating as were petiole P
concentrations. The coated
MAP increased US No. 1
yields by 14% and gross
returns by as much as
$494/ha. Approximately half
of the increased return was
related to quality.

Extensive potato trials in the
United Kingdom (UK) have
shown similar responses to
Avail coated on MAP (Noble,
2012). Yields, quality and
storage characteristics (Fig. 4)
have benefitted from the
enhanced P availability and
uptake.

Khoai tay. Nghién ctu vé
khoai tdy ¢ Pai hoc phia Tay
nudc My trén cac ving dat cO
d6 pH cao ciing cho thdy phan
ung tich cuc ciia MAP ¢0 boc
AVAIL so v61i MAP binh
thuong (Hopkins et al., 2008;
Hopkins, 2011; Stark, 2012).
Bao cao cua Stark tai Pai hoc
Idaho cho thiy ning suét duoc
nang cao voi hai luong lan
bon khac nhau khi dugc boc
polymer, dong thoi véi su tap
trung 1an ¢ cudng 14 MAP
dugc boc polymer da lam gia
ting niang suat cao nhat nudc
MY, 1én 14% va loi tic thu vé
thém tuong duong 494
USD/ha. Khoang phan ntra 1g1
tic phu troi nay 1a do chat
lugng ndng san.

Cac thi nghiém dién rong vé
khoai tay thuc hién & Anh
Quéc ciing cho thiy su dap
tmg twong tu ddi véi MAP
dugc boc AVAIL (Noble,
2012). Nang suét, chat luong
va dic tinh ton trit (Hinh 4)
déu dugc gia ting tir viéc
nang cao lugng lan hitru hi¢u
va kha ning hip thu.
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Table 12. Potato yield and return to enhanced P availability

Idaho, USA
Treatment Yield Petiole P Gross Return

(Kg P205/ha) (Tons/ha) (%) ($/ha)
Control 34.82 a 0.225d 3596
67 MAP 36.96 ab 0.253 cd 3818
67 MAP + AVAIL 37.97 ab 0.288 ab 3890
134 MAP 38.53 bc 0.275 bc 3930
134 MNAP + 41.33 ¢ 0.308 a 4424
AVAIL

Declo sandy loam, pH 7.9; Olsen P 23 ppm; Stark, Univ. of Idaho
Duncan’s multiple range test, 5%.

Fig. 4 POTATO WEIGHT LOSS OVER 3 MONTHS
UK (England)

3
2.5 2.97 %
(7]
8 2
- 2.13 %
0 1.5
E
< 1
0.5
o ! GROWER STANDARD AVAIL
PRACTICE
Dr. C. Murray, Harper-Adams Univ..
Dr. A. Noble, Demeter Technology
Polymer  Rate  Effects. ~ Anh hwéng cia lwong

Initial studies of polymer rates
with solid P fertilizers involved
coatings of up to 1 percent
polymer formulation.
However, subsequent
greenhouse and field studies
indicated that much lower rates
could be utilized. Data in

polymer. Nhirng nghién ctru
ban dau vé luong polymer st
dung véi phan lan dang rin
dugc dé xuit boc t&i 1%
polymer. Tuy nhién nhiing
nghién ctru tiép theo trong nha
lwdi va ngoai dong cho thy c6
thé st dung lidu luong thap
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Table 13 indicated that rates
could be reduced to 0.25
percent (2.1 liters/1000 Kkg)
without loss of efficacy
(Lamond, Kansas State Univ.,
unpublished report to SFP).
That rate is  currently
recommended for all solid P
fertilizers, MAP, DAP, TSP
and compound fertilizers.

hon nhiéu. S6 liéu trong bang
13 cho thay liéu luong ap dung
c6 thé giam xudng con 0,25%
(2,1 1it/1000 kg) ma khéng lam
mét hi¢u luc (Lamond, Pai hoc
tiéu bang Kansas, bdo cdo goi
SFP chua cong bd). Liéu lugng
nay hién dang dugc khuyén
cdo d6i voi cac loai phan lan
dang rin nhu MAP, DAP, TSP
va cac loai phan bon téng hop.

Table 13: Avail rate effects on maize

Kansas, USA
Treatments V-6 Dry wt | V-6 P Uptake | Grain yield
Kg/ha Kg/ha Tons/ha

No P - Control 380 0.91 6.46

MAP 501 1.34 7.59

MAP + 1.00% 592 1.61 8.66
AVAIL

MAP + 0.75% 585 1.58 8.36
AVAIL

MAP + 0.50% 620 1.73 8.78
AVAIL

MAP + 0.25% 601 1.65 8.59
AVAIL

LSD 0.10 32 0.21 0.82

All P banded, 33kg P205/ha. Soil pH = 7.4; Bray-1.

Lamond, Kansas State Univ.

Avail Polymer in Fluid
Fertilizers

Fluid P Fertillizers. Polymer
effects in P-containing fluid
fertilizer formulations have

also been extensively
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Polymer AVAIL vé6i phan
dang long

Phan lin dang l6ng. Anh
huong cua polymer trong
dung dich phan bon c6 chtra
lan cling dugc danh gia mot



evaluated. Recognizing that
fluid bands would have a
much less defined geometry
than the coating of polymer
on a solid particle,

Polymer rates were evaluated
beginning at 1% volume to
volume. Polymer formulation
rates were eventually lowered
to the presently recommended
concentration of 0.5% or 0.5
liter per 100 liters of P
fertilizer. An example of an
Avail response in fluid starter
placed in direct seed contact
for maize is shown in Table
14 (Gordon, Kansas State
Univ., unpublished report to
SFP). No difference in
response has been noted
between all orthophosphate
fluids and polyphosphate-
containing formulations.

cach rong rai. Nhung phai
thira nhan rang viéc danh gia
nay bi gi6i han nhiéu hon vé
mat dia ly so voi phan dang
ran.

Liéu lugng polymer dugc
danh gia ban dau 1a 1% trén
thé tich dung dich. Viéc xay
dung chuén vé liéu lugng dan
dan tién vé licu lugng duogc
khuyén céo ngay nay 1a 0,5%
hay 0,5 lit polymer cho 100
lit dung dich phan lan. Mot
thi du vé sy dap tGng voi
AVAIL trong dung dich bon
truc tlep vao hat gidng ngod
dugc thé hién trén bang 14
(Gordon, Pai hoc tiéu bang
Kansas, bao cdo gdi SFP,
chua cong bd). Khong co su
khac biét nao dugc ghi nhan
vé su dap Ung gitra tat ca cc
loai lan dang long lién két
phosphat va lan da phosphat.

Table 14. Avail in fluid starters for maize
Gordon, Kansas State Univ.

Treatments Grain yield (tons/ha)
No starter 9.78
Seed row, 75 L/ha 10-34-0 10.54
Seed row + Avail 0.5% 11.04
LSD.os 0.38

Soil pH: 6.8, 14 ppm Bray 1-P
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Conclusions

Influencing or modifying
reactions in the soil solution
microenvironment around
fertilizer granules or in a fluid
band or droplet has been
shown to have significant
benefits to the availability of
and subsequent plant
response to applied P.
Research and extensive field
experiences with the Avail
polymer have shown
beneficial effects on the soil
reaction products and on
availability and uptake of
fertilizer P over a wide range
of soil conditions and crops.
Better P availability has led to
higher yields and better crop
quality by allowing crops to
more nearly achieve their
genetic  potential. This
technology not only has the
potential to improve crop
yields and farmer profits but
also has positive implications
on the possible environmental
footprint of fertilizer use
because of higher use
efficiency and reduced carry
over.
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Két luan

Tac dong hodc diéu chinh céac
phan ung trong dung dich dat
& tiéu moi truong chung
quanh hat phan bon hoac
trong mot dai chat long hodc
giot phan long da dugc thé
hién 1a c6 loi dang ké trong
viéc cung cap lan cho cay va
cac phan ung tiép theo cua
cdy trong ddi v&i phan P.
Nghién ctru thi nghiém va
thuc nghiém trén dién rong
ngoai déng vol AVAIL da
cho thay nhitng anh hudng co
loi dbi véi san pham tor cac
phan tng trong dat va trén
luong lan hitu hi¢u va kha
nang hip thu phan lan trén
pham vi rong 1on cac diéu
kién vé dat dai va cay trf)ng
Luong lan hiru hi¢u trong dat
t6t hon dan toi ning suit cao
hon va chat luong néng san
tot hon do tao diéu kién cho
cdy trong thé hién gan véi
tiém ning cua chung. Ky
thuat nay khong phai chi cé
tiém nang cai thién ning sut
cay trong va loi tirc cta nha
nong ma con cO6 nhiing y
nghia tich cuc vé méi truong
trong viéc st dung phan bon
vi hiéu qua st dung cao hon
va giam thiéu duoc luu ton.
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