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QI ;go% q‘l’lcq‘fooce ornoaeg e[em5

63060 & °§&n soocscmeecsc (<4
dS/m) 0 3200Ce:: oooao Ec <6 dS/m

A 0 10% at 7.4dS/m, 25% at 9.5dS/m, 50% at

@femmmas]seam %eécq{:eéz)
[l Mn- QO e o C oo
0 Cu- ooee oelc: oo@

0 Mg(and /or)




I Q oo§/oo e:::::ecorJt)eLeﬁlg(Qo),PQOS(QO),K2O(@0) kg/ha/growing
cycle {av[Vvleelesiors)
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CLIMATIC REQUIREMENTS- WHEAT (growing cycle wheat and rating scale Characteristics )
100-130 days, winter wheat, 180-250 days) Class, degree of limitation o dloges o R o T S
Land S1S2S3N1N20 12341009585 6040250
Climatic S1S2S3NIN20123410095856040250
Characteristics 700-450 450-350 350-250 250-200 - < 200 700-1000 SIoP (%) () ) (&)
1000-1250 1250-1500 1500-1750 - > 1750 Wetness (w) Flooding EOCH
0-11-22-44-6->60-22-44-88-16 - > 16 0-4 4-8 8-16 16-30 - > 30
Precipitation of growing cycle (mm) Topography () i g g
. Drainage (4) poor but poor > not 65-90 90-120 > 120 - - - imperf ..
Monthly rainfall good moder . imperf poor and vegetative stage (mm) 5) moder good aeric drainab drainab
65-45 45-20 20-12 12-8 - < 8
75-60 60-30 30-15 15-10 - < 10 75- 90 90-120 > 120 - - - Texture/strut. C<60s. C<60v, C> 60v, SL, Lfs - Cm, SiCm
Mon thly rainfall Flowering stage Physical soil Characteristics (s)
Monthly rainfall i N L - < .. fs.cs
(mm) Si C, Co, Sg 22 563530 30-10<10 SCL Lcs, fs,cs
Si, SiL, CL

60-70 70-100 100-200 > 200 - -
Coarse frame (vol %) 0-3 3-15 15-35 35-55 - >55 Soil depth (cm) > 90 90-50 50-20 20-10 - < 10
CaCO; (%) 3-20 20-30 30-40 40-60 - > 60

ripening stage (mm)



Mean temp. of the growing cycle (°C)

Mean temp. of the vegetative stage (°C)

Mean temp. of the flowering stage

)
Average daily min, temp. coldest
coldest <8if<21

month combined with
average daily max. temp.

18-20 20-23 23-25 25-30 - > 30 18-15 15;12 12-10  10-8 - <8
Gypsum (%) 0-3 3-0 3-5
10-8 8-6 6-4 4-2 - <2 10-12 12-18 18-24 24-28 - > 28
Apparent CEC > 24 24 - 16 < 16 (-) < 16 (+) - - (cmol (+)/kg clay)
Base saturation (%) > 80 80 - 50 50 - 35 < 35 - - Sum of basic cations
(cmol (+)/ kg soil) >88-55-3535-2<2-

18-14 14-12 12-10 10-8 - <8 18-2222-2626-32  32-36-> 36

Soil fertility Characteristics (f)
5-1010-20 - > 20

pHH,07.0-757.0-75

6.0-5682-83 <52-
6.5-6.07.5-82 --

56-5283-85
Mean temp. of the ripening stage (°C)
20-16 16-14 14-12 12-10 - < 10 20-24 24-30 30-36 36-42 - > 40

-- <21 >21 (7)>1515-1.01.0-05<0.5--
8-19if -- -

Organic carbon (%) >1.515-08<0.8---(6)>2525-1515-1.0<1.0--

Salinity and Alkalinity (n)
> 8 if

8)>0.606-04<04---

11/20/2023 Daisy Myint (PhD.), LUD, DOAD ECe (ds/m) 0-1 1-33-5 56 6-10 > 10

month (°C)

ESP (%) 0-15 15-20 20-35 35-45 - > 45

' ) oe— 6 ¢ €
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4w 9°C 0] C .
#* s 00§ q|C(Nitrogen-N)
TS e-:::::::-(.o")GQ)(DGl(S (Phosphorus-P)

12 o 9 3 1
% Qoo S0000(Potassium-K)

(-] (o
MODE6::27 3NUNQEIO)

)
* 30006392

# 202002 (Sulphur-S)
S OSC\SO%LDGS(CaICium—Ca)
ES eg$80®é(Magnesium—Mg)
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3866’305 (Zinc-Zn)
05 (Nickel-Ni)
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* 2009 0% (Silicion-Si) 60§$3006(Vanadium-V)
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06 _coc O C ) i
3295000S ©/00§0D (Ammonium Nitrate)
8’3&%$03é C\céeﬁfs (Ammonium Chloride)
0o C O C .
3205000300000 (Ammonium Sulfate)




3’3&% ooéor%& 0&3%:%06 (Ammonium Bicarbonate) 90 % N

=) [~
WU (Urea) 9@ % N
83%:3’3(%c%weé@@&og(Monoammonium Phosphate)(MAP) 20 % N, JJ % P
oC [o N~ [ S 0O C . .
:Lsczaeﬁweemo)woo(mammomum Phosphate (DAP) on- Jo% N, Jo% P

0733100% 6oWHOOD (Urea phosphate)

20 % N, Jo%P
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es:...:smocm@(w es:...::-eoocgl -::...:sooeu * 320C seedling, fruiting, flowering, and blooming




.~ C_O ~g C €6 &6 ¢ Anth . o6 6 R 4 6 ¢
601§ 0F||,00565000 0OV ||FYPORC (Anthocyanin) OICYIQE <OC DELEHEPC

[Gopeayps
A o[gepezenpd

dloce (%)

Single superphosphate o-@ % P, 9Q- JO % Ca, oy % S

O%(R(ﬂ (Triple superphosphate) on- J | % P, @-9G % Ca,0.¢ % S




00 0o [S4 O C .
0532050060 WOWV0d(Monoammonium phosphate (MAP)

JJ%P,OO%N

%633&%$(D6&(0’)®(%05(Diammonium phosphate (DAP)

Jo-JR % P, om- JO % N

(most common 20%P)

Ogl?eeloo% co0H000O Urea Phosphate (UP)

Jo%P,oo)%N

Partly acidulated rock

20-00 % P

20-00 % P,QQ-Q@ % Ca
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o[Gepeae é

o’]o&tﬁs (%)

((.)L)OO £0000 C\%fé (Potassium chloride) 50 % K
((.)L)OO £0000 % sgsooglog(Potassium nitrate) 9 % K, Q % N

=] C O C .
00 EOVO3DCVWOD (Potassium sulfate)

~Co

GO-GQ % K, o0 % S

Langbeinite

oo)%K,oo%Mg,JJ%S

06%0'] &(Compound Fertilizer)
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-eee@—,qﬁ q©v0§(Gypsum) J?% Ca, 20%S 3c39m(Dolomite)
29%Mg, |9%Ca oo::(Lime) go% Ca
? J ? g

-::.;-e@msaeé Jlof:ﬁ(%)
Kieserite 02% Mg, JQ%S Langbeinite on%K, 00%Mg, JJ%
S eo$o%ooe c3§]§ (Magnesium chIoride)@%Mg Magnesia

0 L . O 0O
(Mg oxide) SS-@O%MQ Magnesite JS-JO)% Mg 3000
mDOBWS Med§S (Calcium chloride) 50 % Ca &(Dolomite) 09%Mg, Jo%Ca

334%$(Déeo')co(%05(Ammonium sulfate)Jg%S

Single Superphosphate OJ% S, Q-@% P,oQ-Jo % Ca
o cC o [of o C .

(02 COWE 2000000d(Potassium Sulfate) o0% S
o ¢

eg$8wéeoococooo(Magnesium Sulfate (Epsom salt)) OQ% S, 00% Mg
Kieserite JR % S, oly % Mg
Langbeinite 00% K, 00%Mg, j %S
% C
qu)oeo§(Gypsum) ocz% S
Elemental S €Q %S
S-coated urea @-Qo% S, Qo-go% N
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Zn, Fe, Cu
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G (\“)Gﬂ:“ @SC







11/20/2023 Daisy Myint (PhD.), LUD, DOA 32






c

(@) ql . (,”’6) S 0D

C

(o]
I]saooooqa?sa

3

06"

?

o

000 U0

o

[

o
88

o

c
000000

LL
(pH and EC)

©

9N

2]
2 9]
6 N
2ODCQO|39C



Quantitative €~

; C C 6 6
Analysis 320CO00Q)(|7¢)2

C 6 6 . .
a%-o)eoneo =3¢  Biochemical Tests

11/20/2023
Daisy Myint (PhD.), LUD, DOA34

A

o S :ta c
FNUNEJ|| 050 0ME@NYP

c

3

< 6320§324[23Q 320020§)§)|,00000 LANGPED 320CY(ICI 32§ =@ 6326P6C :0DC/ e

L




5a33[5a€ [0©20p0I % 30UNgEI0EPEN 20CIRCE0E AqPS[GaC §/6§ so0lbopdg) gj|,05%e &
ot 21« 9 P 3CC QLS /O] e-OIROIRY) 9.2~ §

oC 6, . 6 c
oo0Y)) %oagoo']oap_qu

C Ve

C . AC <
33@1 610/33%1 Qf. ¢J§C

[0}

09$

c_ec _.,c¢
30D0Q0WO B§0§® QC::

, oc o _cc¢
e D0V q_() % ©:Q0 GL] (1] C






3 o:lje 3 @ (V) é C
C C (3
[s3004)5

(

S

C

JL‘?G-::::-(\H') 4

<3
C

Q0 8
o

“8
o o

1

C

© QO Q0D -:...:-OOf]
C(&“’)I S*BOC(L)I G(I)O%)(Dﬂecqpl
6

613’3

c

33()008"
9
|_©

1

- SCH 3D

C

32D

&
ql o
G]_G(SCD’)C

/

(0]
0

(onls
C

0®I. O§I_ 0% C@ ©

22C®P9L

c

g 320CE32§P6

[

6
OC%)’)GS'B

%
®
D33§



A

N 3]|0d%03230¢54p (Devel tal
q]|.0>¢ ~4q? (Developmenta
stages)

s C s C C _O S s C
3230C(3)1l 322DC3200C:J|| 027 YF0C -

C c _C C C C ° (2] i cC ©
320CCLOOPORC 320C COOVCADT OO



C ¢ C s C
§Ueos 20pdT F230CH

e 06 ., . ¢c o C ‘cC f]
08) O’De 33®GGf~...~f(.(]J’JGf~...-EGPC '1...‘.1'(0603?0081..? ; “"_ D c?O

639|996 3’3?

CAE €. C~0€
(1) 3DACix O’g C 32 a @ |.

330C: (9)“ G §3

11/20/2023 Daisy Myint (PhD.), LUD, DOA 37

;::::-em&%éaoe 632596308 [ @0?@0@@&“’)01006?80086




(‘0(‘ (‘ (‘

& . n5oe - -
SCOOL .=gI)que=. .a)’.)m@e:.....:

C S 6
’)Cl G 61(.\8? ..... OC?'DQQC':-

(<3 N
’DC C\)@G “NC 206

q“_ Ot)i..}'&COD@"

olgeq| ec § @ G383, &




o)
)§ |:| (.)Ei“_ §OC)OC3’BOCE{P§C G GPG jS’)()ZL)

S0es 51 e:'c“(qﬁesal ng (qﬁo']u |-ol
(00- 09)61 £ 0! (gﬁ&(:o']ooeu

G mcmoqoeooo (P)
q]|02¢ =Y

0 (ms::::scr(_))cqu o p)
hidden hunger [:;




6
C
c

(&

“qP|Hwo
gﬁDSEG%Gi

O
B
O

o

9
«O)

&

3

(<]
c

Cc

C 861@

o

?CS"B

60 C

P! 0§

/

b, OTCD

c

(53
| S’BOC(BI?]G@Q:”’)G
QG
L
¢

gl%q0$qpea

[ 32
[ 32
0 OC

s C

C s C
O 6 s C
®6610
(=
CODG::
o0
e

30000000006 C\'.“’)
/ (‘
%
C
C
22

o
O

11/20/2023 Daisy Myint (PhD.), LUD, DOA 39



I]zael """ slc oooqp 3303
aqee epc/3615$6 epcg

(O(DC\')’)(OOG 139D 00D i

©

138 o) ‘—03
she

O

Purple red glgmentatlon on older Ieaves
0 GSBO)’)(L)COO CI)’)Q? ’)C\’.)CDGCCD&COO&II
(< le
0 330000 ..... ooooo §cf..39e3J opdeoqp

“’8 .
OD’)CI.)@II |:| 13’30)86106 GPC ESZIZSELOODC\)’D

Purple red pigmentation starts
from the tip of the leaf.







LG e O
U)mo?-::::::ssa')(n‘)eloea

oo .'-...

alanlanAan D_i-..nA

2.0 c ¢ ¢ 6 .8 [+
G(D’)O)(.OGOO({POC? 32D G iNDC C)O&'Z
o 6

(6]2]0) -:121131-6@(9-’)6-:113- G Or]II

o c Oe6 © % % .
Q -iiiii:-(.“I_-::ZIZ?(D(.)SBOCOQC(StandIng crop)

ammonium phosphate

[~ ’ (‘
29860qsEim0n00pdE SOl



6 O
3979570 329 °8 4oy
oged &@2% QePEER0) Sefl0vi
3361 G]_C

QP 03C VELJTD 60098200
c_ ¢ .8 c o
[0 oCopPOqPEa3QLOW0 ©

o

c e cC 60 _C 6 / c 6 e

a OCO’)EIPU.)C ()'?SGCOOI GS’BQ)S’BG]_(DS’BQ)’) 600l
0 0 L o



es*aéclsé(of) celes) CoSoSwooooemP
Dsa &f gﬁs*a o)oocqsa ® OOS'BO’]G j’

0 8 £00600 el ooo)ong-::::-qPo)e ‘iﬂ‘?a £

O Aol a& °. A NP DOa: S@Pa0O 218
K qJ[.0200|000p0030DCIGP  FPVOSOPECYPIV0 PRl
(Developmental stages)

330E5(_J)n 32 650383/32084PeP O
P20C (o)u Lc ¢ 320l6: (q]J'Je qaqecepcfé & fngﬁ A
3000853000859 05400p053250E509C




3

(I%(C)G]P? @(903 es:::::-()TC\T)&'Jé"((L)%'O’J)

.C ) Ca S Ane
3230C(J)N 32§) /ODOE) OO

-:::::::-eeéogﬂ&)é" ((L)©'?)



11/20/2023 Daisy Myint (Phg.), LUD, DOA 43
N

DCO06:: -:::::::-eql%cgéKq]) loo'%éoaé 0 Na:K,

Mg:K §éc Ca:K Saqjleqﬁ/ s::::i-JGOSOD’)
D (o] (‘ (2] (o '] (o 6 v, (‘ (o) C
(L)O’J 00000 OC?:%@OD@:..,-GSGC LP
EEQ@Q&I
|:| N (of [~ [~ "] (of 6 v’ ("
@0:?0)0(886”30 OC&%?@OO@G

(of (5 C s C
000D QJQ 060 ()TC\)’J 0 e R 2] O

oe L € . .8 C » €(.6co c c . C(
eepqlgeo;nc\)ee ’)CGIGlC\O)c? og)ogc 30ﬂ303)33(\3§§] ewee

L O




O
. 9 oooc o)
(available K) 0> 206 §quecl>

sfresvsruooeoad0l
?IL@ iL

—




ESenzaolecepeCyp)
0 32 °§ 336]3-:::::-@3&«@(8)

O0S :D@ (=18 elcqpﬁcl)e






LoD SR80 € 068 Ao A,

i '] c 6 € O c . c_.s
S0OC0WO0 OCS%?@OO@ 036C LP 000



0O c 06 © c c . o \,f]
0 @ ©q]|700320C03C(standing crop) §]|,00%0

cgalpo0ps 6o

c ¢ ¢ € .
G=.....~610380({p00&)8-....: ammonium sulphate,

. magnesim  sulphate, potassium sulphate
3’30CJ@

available S) 0>

f-...-*O(S(.)f] Il

eo% qu’ leaé U Problem acid soils qf) T

11/20/2023 Daisy Myint (PhD.), LUD, DOA 47



© C (o) N g
2060 (Fe)g“oooa:.::-ﬁm

I]saq elc qpmo e§3amc
-""ﬁme $QU6 oToo@u

IZI Fe %”oo 50l ocoooo
e §§cnooome cqpoo@u

0 3209$9]|,0940] 0CYI8§O3 main
shoot



A

-:::::'scooc)a)éegzesaa)é ..... qﬁ (Developmental stages)

Fe




A

C . o6 o
(74 § 8o © ijqe),cg(go
00‘333“1 qPoo6Hy|

A (fading of
interveinal tissues)

A

v’ Leaf showing advanced

stage of interveinal
chlorosis.

06 C
v C?OD?G%;GPC qu
-:::j:::-og'_)(oo

32 O'] G (qJ{) G 61’) é

R

v/ Close- up of a bleached leaf.

v esaepcea oom 00




0 Total Fe o']oce‘f@oo@ 206

0 Fe ee::::e(“oocesam§§@m8;;

;, organic forms of
(19 kg/ha)

O organlc iron forms (:”’) eéefgo’] soil pH et OT@OO @(.00
o)emqe@n
0 around pH 7.0 f:::::swo}o{] the most suitable chelates are FeHEDTA and

C [~ ’ (" (‘ C C (of 6 |:|
C\?oooaoo&?saorg <t Fe ea...;qpocgsaog§§@

c 6 c . c _c 6 c 3
:eeqleqporgc Fe ee::.::s(“')ocgqpee:;oo')m@ /n,
Mn, Cu, Nickel

o) 6 & ¢ M ,¢ ,c 6 0 c o
0300p565QPOCY ec@wc GCOo30000 Fe &




0o Sqf
L

s o [~
O
LUl

11/20/2023 Daisy Myint (PhD.), LUD, DOA 50

(A The hexadentate chelating agent ethylenediaminetetraacetic acid (EDTA) has the capability to bind
to metal ions at its two nitrogen and four of its carboxylate oxygen sites. We use resonant inelastic X
ray scattering at the Is absorption edge of the aforementioned elements in EDTA and the iron(I1I)-
EDTA complex to investigate the impact of the metal-ligand bond formation on the electronic
structure of EDTA.

1 Both FeEDTA and FeEDDHA are chelated iron fertilizers that are used to increase the bioavailability
of iron in soil . The primary difference between the two is the pH range in which they are most
effective. FeEDTA 1s most effective in soils with a pH of less than 6.5, while FeEEDDHA 1is most
effective in soils with a pH greater than 7.

(A The effectiveness of FEEDDHA is due to its high stability constant, which is 100 times greater than that
of FeEDTA. However, FeEEDDHA is also the most expensive of the two.



Some of the most common ones include:
1.Fe-DTPA: This is a chelated iron fertilizer that is effective in soils with a pH of less than 7.5

2.Fe-EDDHMA: This is a chelated iron fertilizer that is effective in soils with a pH of less than 7.5
3.Fe-HEDTA: This is a chelated iron fertilizer that is effective in soils with a pH of less than 7.5
4.Fe-EDDHA: This is a chelated iron fertilizer that is effective in soils with a pH greater than 7
S.Fe-EDTA: This is a chelated iron fertilizer that is effective in soils with a pH of less than 6.5
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@OID- Results of on-farm trials on balanced
fertilization and grain yield of wheat in 10,133 on-farm experiments in India
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Plants Develop Thranah Cartajp Stages
1. Sprouting-Emergence

Establishment

2. Tillering-Stem Extention

3. Booting
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Wheat




components of wheat are grain numbers per unit area, and the individual

4. Head development

grain weight. ,,, High yields come from achieving the correct leaf and
shoot numbers, maintaining a green leaf canopy, increasing grain
numbers/ear and grain size.

5. Flowering/Anthesis
6. Grain filling

(Milk development and
dough development)

7. Ripening-Maturation
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OCalcium ammonium nitrate (CAN), ammonium chloride and ammonium sulfate
OCalcium ammonium nitrate (CAN) on calcareous soils
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ODAP, Ammonium nitrophosphates (AN P) and compound fertilizers
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A

Agronomic
Biofortification



Agronomic biofortification involves the application of mineral fertilizers to soil or directly on crops to
increase the content and bioaccessibility of specific nutrients in food crops. It helps to increase the




concentration of a target mineral in food crops and improve human mineral dietary intake.
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[0 This method is considered quick, safe, and cost-
friendly, providing essential micronutrients like
iron, zinc, and others in our everyday diet.



[ These new technological advances, along with
an  increased  realization of  mineral
micronutrient nutrition, have reinforced the
relevance of Agronomic Biofortification for
global food and nutritional security.
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2. Correcting Nutrient Deficiencies Promptly:
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