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The development of fertilization technology during last three decades
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The development of fertilization technology during last three decades

2. 1980s-1990s, HRRR T B~ BEG = 1) 5] &
B KITH): BoRIEEE, RBErER: BRR. 28

1980s-1990s, N&P deficiencies had been solved
Major action: 2" National soil investigation; Key products: Urea and DAP
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The development of fertilization technology during last three decades

3. 1990s-2000s, HL&H
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1990s-2000s, K deficiency had been solved
Major action: National Soil Testing and Fertilization Program;
Key products: Compound fertilizer & Formula fertilizer
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The development of fertilization technology during last three decades
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Secondary/micro-elements are getting more and more attention.
Major action? Key products?
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(Science 2010, 327, 1008-1010) i i i
Significant Acidification in Major

Chinese Croplands

T+ IZEFR 4. (Soil Acidification)s

T 3304, FERMEITZFEpH EFY T 0.54
BAL, FERBTAESENEICREE R

Overuse of N fertilizer contributes substantially to soil
acidification in China.
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Significant Acidification in Major Chinese Croplands
J.H. Guo, et al.
Science 327, 1008 (20107);
] DO 10 1126/science. 1182570
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@ﬂfﬁﬁﬂlﬂ%;gnﬁﬁ)ﬂ R =S ERR: BR9.7 t
Q = CO,-eq; 13.51 CO,-eq
I.I]EII].E _‘pw Emiésions of GHG from fertiﬁzer-N production and use per

(GHG) tonne: Europe, 9.7 t CO,-eq ;China, 13.5 t CO,-eq.

[ S BB A = R B S 1R (452 Tg
N,O, CH,, CO, CO,eq) R80FfR (131 Tg CO,-eq ) HI3fE.

The total emissions due to fertilizer-N production and use

(452 Tg CO,-eq) is 3 times over than the 80’s(131 Tg CO,-eq )
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(Zhang et al.,
2013, PNAYS)

B TR e BAEARHIHRB, M=T102-357 Tg CO,-eq, XHZHT

Fertilizer-N related emissions can be reduced by technology optimization, range at 102-357 Tg

CO,-eq, and that’s the 2-6% of China's total GHG emissions.



KK 5 (Air pollution)

N deposition (kg N ha'l)

Bulk N deposition
1980s: 14.3 kg N/halyr
2000s: 20.9 kg N/halyr

NH,-N/NO3-N in precipitation
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(Liu et al., Nature, 2013)



Al FFEERYE 291 (Sustainable Intensification )
E|FRR R F RIS ;

Hotspot of international agricultural sciences

>
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Only Choice for the transformation Chinese agriculture
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Figure 3 | The projected demand of grain production for 2030 in China.
(G unto n, 201 6' Natu re) a, Rice; b.‘whcat; ¢, maize. Red bars, crop production from 2005 to 2012. Black
circles, projected demand in 2030. Black triangles, increasing grain yield by
the trend observed from 2005 to 2012, keeping planting area the same as in
2012. Green circles, grain yields that reach 80% of the level observed in our
ISSM treatment, over the same planting area as in 2012. Note differences in
scale for the different crops.

(Chen et al., 2014, Nature)



AR AT AREEE (PED
Nutrient management for sustainable intensification (China)
ﬁﬁﬁﬁqiﬂ?“%*z'ﬁ‘@ore: controlling N&P)

ABHHBREX (TR ; HEEIREEE ()

Fertilizer-N&P consumptions are large (can be controlled)
Environmental problem is severe (must be controlled)

Annual average nutrient application
(N+P,0:+K,0) to arable land

region nutrient application kg ha
< st Asia o5 >
industrialized countries 118
South Asia 102
Near East & N. Africa 71
Latin America 56
transition countries 28
sub-Saharan Africa 5
world 92

(Bruinsma, 2003)

K354 Air pollution
(Liu et al., 2014, Nature)

B ESAHTR GHG emissions

(Zhang et al., 2013, PNAS)

+IEER1L Soil acidification
(Guo et al., 2010, Science)

KR E B 7244 Eutrophication

(Conley et al., 2009, Science)
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Main approaches for improving N&P efficiency

+HIB-EY) R 5t
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Integrated Soil-crop System

Management (ISSM)

L ES
Improving N&P efficiency




HR-EM ARG ZESEE(ISSM)EXIEE /Y

MBBEEAN, KIEERS T RBRME.
Integrated Soil-crop System Management (ISSM) significantly

Increased yield without more N input, therefor increasing N efficiency

16,

4

R

BUAR 2 32 438 Yo ity By 1 18- ISSMFHIVERRKKFEZE, RIERAE. RRMENARERNT
e ARG A TR R Effects of ISSM on grain yield, N application rate, PFP, Nr intensity

Conceptual framework for

and GHG intensity for rice, wheat and maize systems

the ISSM approach

Yield N rate PFPN  Nrintensity  GHG intensity
Crop
o s (kgha') (Mgha') (%) (kgNMg?) (kgCO;eqMg?)
~ simulation model
Uncontrolable g o Rice  ISSM 8.5 162 54 4 1077
’ S FP 7 209 41 10 1574
Controllable A 21 -22 32 -56 -32
#) In-season root-zone N
| e Wheat ISSM 89 220 41 6 463
— — e Fp 5.7 210 33 12 671
_'_&\?;:\f ;7_"."
WY A 56 5 24 -50 -31
Maize ISSM 14.2 256 56 9 329
(Chenetal., 2011, PNAS.; FP 7.6 220 43 17 621
Chen et al., 2014, Nature ) A 87 16 30 -50 47
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Main approaches for improving N&P efficiency

+HIB-EY) R 5t
ZRa e

Integrated Soil-crop System

Management (ISSM)

TR | gy [ 05
LEEIE T _ —
Biological potential of Improving N&P efficiency

nutrient use
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Main approaches for improving N&P efficiency
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Integrated Soil-crop System Soil quality improvement

Management (ISSM)
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B e

Biological potential of Improving N&P efficiency
nutrient use




EALIERERNXE: TIBRBIK
The key for improving soil quality: Soil Organic Matter

® Physical support for plants
® Water storage & movement ¢ Nutrient storage & release
® Energy / Carbon storage

® Root proliferation eh = el v ‘ﬂ ]I'H_ /'f{ éj‘i 71?‘:' ‘ﬁ- é/% ; i %

largely b
® Acration ey B

= Kemunes Adsorption of pesticides and heavy metals

to erosion

%;erj«ff’ulii Wy AR E M E
Slooel Improve stress resistance, increase beneficial
o Nittopes mincealizaf microbial activity

e Nitrogen mineralization
® Organic matter decomposition
® Support of microbial
community

Soil Fertility

(ChanYin, 2008)
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Main approaches for improving N&P efficiency

e 2
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Integrated Soil-crop System
Management (ISSM)

H 5 AR TR
B e

Biological potential of Improving N&P efficiency
nutrient use

ERBENTZiES

Reducing N&P losses

Soil quality improvement




SRR AT TOIRT, SRR, MRS Rk
B, RO R, REEHSE

New products for reducing nutrients losses

AHEY: E=FERRpRR M

Field crops: controlled-release fertilizer

N vl —§ g/ A 4 /=§ {= b Z g8/
X ER = ERIF N MERBRE. LR
25
2014
A A Aboveground PFP,, RE, AE,
Treatments N uptake 4 0 1
20 | ) (kghaty  (koko) (%) (kg kg?)
o ab l a T _—L g
's P = NO 114
CREE
-
- B N180U 259 86.9b 80.6a 32.5b
f?- 10 N180C1 272a 92.7ab 87.8a 37.1a
E N180C2 296a 99.9a 101.1a 42.5a
g
5 4 N240U 294a 70.0a 75.0a 37.5a
N240C1 302a 74.3a 78.3a 41.7a
0 N240C2 289%a 71.8a 72.9a 39.2a
lel I ' NHI'-'IIU N'IHIICl IN]IEUCII ‘ N2:Illl.' Ph:IﬂHICII NZ#IIICI

(Guo et al., 2017, Field Crop Research)



ZF1EY: FoRRSEE. KIB—HLER

Cash crops: fertigation technology

139 kg N ha! per growing season was lost by leaching with Ncon, this represented
36% of the N applied. With Nopt, leaching was reduced by 27.1% and yield was
increased by 25.1%. Addition of nitrapyrin with Nopt helped maintain a high
NH,+/NO,- ratio in the soil and thereby helped reduce leaching.
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Main approaches for improving N&P efficiency

TV RS ]
& it mnE
CRerE Soil quality i t
Integrated Soil-crop System ol quality improvemen
Management (ISSM) - Bﬂ?ﬁﬁi/ﬁﬁﬁbﬁ%
?l—g ﬁ\% &&%U)}H %Eﬁﬁﬁ’&ﬁ Reducing N&P losses
s ‘ R X5
V)i 7 T AT R 2K
Biological potential of Improving N&P efficiency Increasing efficiency by
nutrient use secondary/micro-elements

application



hiRETENA, BERABUE

Increasing N&P efficiency by secondary/micro-elements application

FESEK X VRSP - E AR R (A, 2014)
Zn application rate effects on grain yield, N and P uptake of wheat in 2014 (Quzhou)

[

121 +23.8%
10 - —a N uptake
/ +21.3% i
S g ! —— —e \\Vheat yield
3 M
36 -
B
c
§ 4 4
© +25.3% i
2 S — — = P uptake
0 . . .
0 50 100 150 200

HaEE 7K

Zinc application rate (kg/ha)

Ve AiEEH & 225 kg/ha; P,O.Jiti i &: 75kg/ha
Note: N and P,O; application rates are 225, 75 kg/ha, respectively.

(Liu Dunyi, Chen Xinping, Zou Chungqin et al, Plant & Soil, 2016)
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AP HETENRRS N LA ABERITEH?
How to push the research and application of secondary/micro-
elements into national action?

higETEREN. AEMNEASREFA?
What are the representative and directional products of
secondary/micro-elements?

EESRBNENTERR T=RERTH: HEFHEK

National thirteen five plan:
Zero growth of fertilizer
+=RREATE: TR,
Mg, IR JpE

TR R G —
NN et LR R C g i i
Nt = == Scientific thirteen five plans:
BELf2 R R Fertilizer and pesticide reduction;
e — Green production;
il PRI P

Non-point source pollution
control

—1
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Geochemical Map of Magnesium in China

it | =X
+. BRESL hOEE 2R —— :
W TE1IE 3% LA Magiesiom Geoehermica Map o hins ABT5 3N
Northtwest N 0. 5%~2%Z,5I¥i’>31 %/

(o)
Over 3% or more North China

0.5%-2%, main:1%

:: South China
0.06%-1.95%, main:0.5%

TE5 7w bﬁ_ ::::{1%ﬁﬂ8é%
T SRR
0. 06%~1. 95%,

RELRSREGILFE. B RRZHEEK P90 5%,

wr  BHIE
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The map of soil water-soluble boron in China
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The map of soil avatlable zinc in China

FETEERSHEE

Map of Available Zinc in Soils of China
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KEMSE, PHETEATLIS HREE:

Generally, secondary/micro-elements can be divided into two categories:

—RETIBPEERT: FERE. AT BEKE, Wik, BF

Low content in soil: magnesium, boron, because of soil parent material and rainfall

—REFTBVMEZEIRFI: pH H, WsE. %KF

Low availability: Zinc, iron, due to soil pH and other reasons

i5: LRI ESEDR, ka0

Calcium: North, availability; South, low content

—%R, LHEPNETEIREESARMDE ML BT
UFEREIE.

This unique property must be considered fully during the research and development

N




#% (Mg) - 1E438 /~r) X
Magnesium(Mg)- The key to increase crop yield
v &R R EE 45 (Chlorophyll)

v BIKALE Y H)3E Hi(Carbohydrate transportation)
v IR R4 K (Root growth)
v REEVIXEER. B RiE

(Resistance to high temperature and radiation)

v REEERIE M (Enzyme activities)
v 2 RNAR]S BL(RNA synthesis)

28



YEVIBREEREIR (Mg deficiency symptom)
MR L, SRESEITFEL

I\/Ig serves as the central atom of chlorophyll
\‘/ /__,; -

1Y,
1Y,

/ N
/ \ 3
/ .’/“

IS - S S \7 ( )
\ ‘Q j \g > - . i A1 \ :( ,‘.". ,"7';' i 5 \g o ‘
) - R AR TR U8 0l i y‘" ; \ h 4 10
) 3\ j = N\ S LU B R L ST AT




SIS RRRAER

Mg deficiency symptom in Cowpea

(3kERS, T/ 2015)
(Zhang Baige, Guangzhou, 2015)




SRR XAy S BEA K BURIERE

Mg deficiency symptom in Fruit trees

REHREY—BREEDZSTXAEY, REPEE. #HE, B EREHLE.
Sensitivity: Fruit & Vegetabl>Field crop; grape, citrus, peach, apple

(3kER3E, 2016)
(Zhang Yuegiang, 2016)



F[E L IRERIR A
Magnesium status in soils of China
44% R EIRBBEEET50mg/kg

Exchangeable magnesium is under 50mg/kg in 44% of soils
Grades Exchangeable Mg Samples Proportion (%)

(mg/kg)
1 >500 38452 13.83
2 300-500 53263 10.71
3 200-300 52083 8.95
4 100-200 75956 13.42
5 50-100 54507 9.31
6 25-50 42528 7.64
7 <25 98820 36.14 I 43.8%0

Data from national soil testing and fertilizer recommendation program
(Li, 2016)
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Strengthening secondary/micro-elements research

1. PRIETTENEETK

Physiological demands of secondary/micro-elements




1. PRIETENEEES

Physiological demands of secondary/micro-elements

AR EKETEEMFSWBE Nutrients uptake(kg/ha)

E i< N P K Ca Mg HHERIR
Crop Yield(t/ha) Data sources
Maize K 10.0 194 24 149 39 20144 %5
Wheat /N3¢ 8.6 207 28 140 29 2014454
Barley K37 3.7 - - 63 20 Jakobsen, 1992
Pepper Bt 47.1 186 27 260 84 /39 Xl 45, 2016
Tomato & il 126 275 65 345 239 | 69 SRS, 1983
SR 107 193 74 239 318 \386 B 1993
Bananaty /& 34.5 152 28 582 58 TRITEE, 2010
Strawber% 20.5 97 18 100 41 BmhiH%E, 2015
Apple FH 40.2 217 16 139 50 + #%, 2014

(Guan Xilin & Chen Xinping , unpublished)
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Accumulation of dry matter and Mg in maize growth period
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BRI BRI TR R s R

Acc%laabjl_ation of dry matter and Mg in pepper g(oga/th period

Dry matter (kg/ha)

R TR RHE

PRAT

Production:
47.1t/ha

(Unpublished)
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BHENS: BN TR SRR

Accumulation of dry matter and Mg in cherry tomato growth period

Fruit enlargement period ratio:

6000 - Dry matter: 88.0% 80
Mg accumulation: 71.2% 70
__ 5000 -
i 60 =
%S 4000 - Shoot dry matter g
Hbéé - 50 o 2
S KT
ﬁg 3000 7 small fruit period ratio: 40 kg
# > o000 - Dry matter: 12.3% - 30 ¥3
u: e Mg accumulation:13.0%, Shoot Mg uptake | 5 <
1000 -
- 10
Fruit Mg uptake
0 B—u— . fp——— / 0 The ratio of
0 31 60 91 _ 121 |\/|g uptake in
?“Eﬂﬂz Days after transplanting (d) fruit is 14.1%
Production: | Seedling I|:Iower|ng|Fru|t|ng| Fruit perlolj Fruit end
28.9t/ha 3 I | SRR '

(Unpublished)



nsarh i Bt FEFMALRHE

Strengthening secondary/micro-elements research

1. PRIETTENEETK

Physiological demands of secondary/micro-elements

2, PiETTENTIRNA

Secondary/micro-elements in soils




TIRAVENIEFE

Critical value of soil exchangeable Mg

30.00-

—_—>

Tl

0-20 20-40 40-60 60-80 80-100 >100 (mg/kg)

TEREIBMERE: 40-60mg/ke.
Optimum exchangeable Mg: 40-60mg/kg
(Wu Lianggian et al, unpublished)
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REZHHREE

Mg leaching in cropland

Crop system Precipitation Leaching amount literature sources
(mm) (kg/ha)
Forest 9.5 Boysen, 1977
Arable land 20 Boysen, 1977
Grass 558 174 Di and Cameron, 2004
\Winter wheat 512 19 Jakobsen, 1992
precipitation
Winter wheat 715 35 Jakobsen, 1992
Winter wheat 808 42 Jakobsen, 1992
_ Maize 867 44 Jakobsen, 1992
regign ] .
Maize 1040 45 Poss and Saragoni, 1992
Fallow 542 35 Ylaranta et al., 1996
species Barley 542 87 Ylaranta et al., 1996
Grass 542 38 Ylaranta et al., 1996
Oilseed rape 808 42 Jakobsen, 1992
Soybean 814 45 Jakobsen, 1992

(Guan Xilin & Chen Xinping, unpublished)



nsarh i Bt FEFMALRHE

Strengthening secondary/micro-elements research

1. PETENEERK
Physiological demands of secondary/micro-elements
2, PETFENTIRKR
Secondary/micro-elements in soils

3. PHETRENFITEMEXR

Interaction between nutrients
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Effects of K/Mg supply on cherry tomato
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hnigsh i 8 T FEF IR
Strengthening secondary/micro-elements research
1. PRETENEEFTXK
Physiological demands of secondary/micro-elements
2, PREXTENIHRAR
Secondary/micro-elements in soils

3. PRHERENFITEMEXR

Interaction between nutrients

4, hETERNEYIEHFHE

Application conditions




Soil application of zinc fertilizer could achieve high yield
and high grain zinc concentration in maize

Dun-Yi Liu - Wei Zhang - Peng Yan « Xin-Ping Chen -
Fu-Suo Zhang + Chun-Qin Zou
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£ p = 90 A
33 $ % g ‘.‘ A
7 5 z 3”" y=170x +88.9 (x<47) 2510
= 22 2 = y =99.0 (x>4.7) 22012
Zn Zn Zn Zn Zn Zn 701 R2=(.356%**
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Strengthening secondary/micro-elements research
1. PETENEERXK
Physiological demands of secondary/micro-elements
2, PRETTENTIRRA
Secondary/micro-elements in soils

3. PRHERENFITEMEXR

Interaction between nutrients

4, hETERNEYIEHFHE

Application conditions

5. Hif= =R~ m

New products of secondary/micro-elements fertilizer
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New products of secondary/micro-elements fertilizer

ZREAETE. PEIXE. AEMELERERG:

Fertilization methods in difference regions and crops

v . BEER/ AMEESE. B

Soil application: separately or add to compound fertilizer, formula

fertilizer

viEE: ERCKEE, EESEWE. tEEE
Drip irrigation: Mixed with water soluble fertilizer; form and
availability, interaction among elements

VIHE: EES58WH

Foliar application: form and availability.
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Fertilization has been significantly improved in recent years

2004320134, FKER B ~T28. 2%, FIHAFELIEAHE1E
K T727.5%, Xl L x+FRIEE Hﬁkéﬁ Jits FA 4L AR LA
;IE *Eﬁiﬂ F: Elgﬁ;iﬂﬂmﬂﬂﬂiﬁ -&]Elgs “.Eq; 55?. ﬁﬁlb\
FEIEIN Y 33. 5%, KFEFTHEMT 63. 6%,

From 2004 to 2013, China's grain production increased by 28.2%, over the same
period China's fertilizer consumption increased by 27.5%. Meanwhile, total
vegetable production increased by 33.5%, and fruit production increased by 63.6%.

ﬁﬂ'

=15 BfFPNETENEE5TE?

Next decade: Significant contributions e expected
from secondary/micro-elements?
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