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China is also the largest country
of protected-field vegetable
production

The planting area of
protected-field vegetable
was 5.01 million ha, 22.6%
of total area in China in
2016
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Special micro-environmental condition

In greenhouse

High temperature

Soil quality change:

*Nutrient leaching and soil
acidification
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Conventional water and nutrient

INput Maximum vyield is the goal of farmer’s
nutrient management, however, this will
increase nutrient loss

Water and nutrient
supply
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To uncover the secret: why farmers
use high rate of fertilizer?
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Nitrogen rates (kg ]m_lj distribution balance for a cropping season.

Green- N inputs Total N outputs Soil mineral Unaccounted
{m use Mineral Organic Irrigation Nitrate Crop N* variation N
m fertilizer fertilizer water leaching uptake

Rate o Rate % Rate S Rate o Rate S

| 325 k) B 2 144 30 579 169 29 219 38 —39 231

2 190 30 170 27 268 43 493 154 31 227 46 -3 115

3 493 38 310 24 482 38 1316 261 20 208 23 —48 B06

4 207 31 154 23 300 45 6L 152 22 122 18 —225 645

5 501 58 190 22 169 20 973 199 20 289 30 =50 535

6 504 30 185 14 603 47 1296 347 27 196 15 63 690

7 300 57 166 32 59 11 552 158 29 206 54 —75 173

) 328 56 186 32 73 12 565 155 27 244 43 —232 401

9 391 34 240 21 523 45 1060 255 24 366 35 —514 053

Average 360 46 179 22 208 32 B36 183 22 251 33 —125 528

* Variation in soil mineral N content (100 cm depth).
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Unsustainable Bottle necks:

* Soil borne diseases
— Crop rotation
— Disease resistance compost types (?)
— Soil sterilization

* Nematodes
— Rootstocks
— Crop rotation
— Bio-fumigation (?)
—Soil acidification




Comparison of soil
pH change
between cereal
and vegetable
fields in
Shouguang,

n=20

Lei, 2008
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Drip irrigation is the most efficient way of
delivering water & fertilizers

. FERTIGATION

Regardless your injection devices
You must have a very good irrigation uniformity

Design, a good product, maintenance



Irrigation Management
Measurement Methods

—
Human Observations
Crop Appearance > 4
Hand Feel of Sail users Human
When Your Neighbor Irrigates | Observation
Personal Calendars g l Methods Used
Field Sampling Observations : at 4 Times the
Neutron Probe | Rate of ALL
Gypsum Block (Watermark) | Other HEthﬂds
Turgor Pressure Sensor (leaf) ; for Irrigation
Dendrometer (trunk diameter) 1 Management by

Infrared Thermometers California

. . L user
Real-time In-situ Monitoring Growers
Tensiometers

Capacitance Sensors
Time-Domain Reflectometry 8



Key1: Soil nutrient

concentration in rootzone

Different crops need different

nutrient concentrations,

which depend on the uptake

ratio of N-P-K-Ca -Mg

Nutrient uptake pattern in greenhouse tomato (%DW)

Rootzone control and
water soluble fertilizer use

Crop nutrient demand

A
Applying WSF

Optimum level

I Applying WSF

Nutrient release from Organic amendment and soil

Laminae | Stem | Side shoots | Vegetative total | Fruits | Total
N 23,3 7,9 7,5 38,7 61,3 | 100
P 19,9 15,1 4,8 39,8 60,2 | 100
) 71,6 7,6 4,0 83,2 16,8 | 100
K 18,5 10,8 5,0 34,3 656 | 100
Ca 75,7 15,1 4,1 94,9 52 | 100
Mg 50,3 15,0 4,9 70,2 29,8 | 100
IDry matter | 20,3 | 13,6 | 4,2 38,1 61,8 | 100

Acta Horticulturae 339, 1993, p 99-112
Nutrient uptake of year round tomato crops-W. Voogt

.
>

Stage

It should keep optimum nutrient
supply in rootzone, otherwise it will
cause nutrient lose or yield
reduction due to too high or too low

level.
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N fertilizer splitting :crop growth pattern
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Weekly N uptake
pattern of tomato in
different growth
seasons in North
China Plain

Weekly N uptake (kgN/ha)
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Data from Tang (2004);
Liu (2004, 2005), et al

Autumn-winter
season in
greenhouse

Data from Tang (2004);
Liu (2004, 2005), etal

Open field

Data from Cai, 1997



Soil index for P (or K) recommendation

(Example: Correlation between relative yield in the control plot
without P supply with soil available P level)
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Based on the responses of P and K fertilizers application, P

and K recommendation “maintainence” can be used

Soil Olsen-P Soil Index
P,0.,/K,0O
(mg/kg) exchangeable- :
recommendation™®
Open | Greenhous | K (mg/kg)
field e
0~80 1.8-2.0 times of crop
0~20 0~50 L
removal \
80~150 3-1.5t
20~60 50~120 M 1.3-1.5 times of crop /’
removal
>150 8-1.0 ti
=60 =120 H 0.8-1.0 times of crop

removal

*QOrganic manure recommendation: open field 30-45 m3*/hm?; protected field 60-90 m3/hm?)



Rootzone control and

KeyZ: Relative proportion water soluble fertilizer use
of nutrient supply in
rootzone

v'It needs balanced
nutrient supply.

v'Excessive NH,*
supply can cause
the Ca?*, K*
deficiency

v Excessive K*
supply easily cause
the Mg?* deficiency i

Mitroge
v'Excessive PO 3"
supply easily cause &
the Zn?* deficiency T S

calcium with it Ammonium reduces
calcium uptake




Rootzone control and
water soluble fertilizer use

Key3: Optimized soil
environment in rootzone

» Select appropriate raw material and N form;
Adjust the soil pH; Reduce fertilizer use and
soil salinity

» Appropriate formula can promote crop root
development, increase soil nutrient reserves,
and reduce the possibility of nutrient loss

HFHLER

»Increase soil CEC and organic matter content in
rootzone

»Reduce soil diseases, and straw return increase the
microbial activity




Rootzone control and
water soluble fertilizer use

Key4: Spatial match of root
and water-fertilizer supply in
rootzone

Aauatrols#E i FEvE kB

How to concentrate the effective water and

nutrient on the root zone, and realize the time and

space effectiveness? ‘
.IrrigAid Ren Personal

commumcatlon)

It should consider the use of IrrigAid in liquid
water-soluble fertilizer formula, increasing
irrigation area and achieving water retention is the
key to improve nutrient use efficiency.

*Fertigation

Integrate irrigation and fertilizer, supply water and
fertilizer for crops timely, precisely, accurately, and
in balanced synchronous.
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* Phosphorus fertilizer
produced in China was 16.4
million t, accounting for
48.7% of the global
production

« Excessive fertilizer P input
resulted in the high legacy
P in soils of China

« Chinese government has
promoted the projects of
reduced chemical fertilizer
application and encouraged
organic manure utilization
since 2015.
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cash crops which was

the main factor *
affecting the

increased trend of soil 4 *
available P

1920 1995 2000 2005 2010

Trends of soil available P in China from
1990 to 2012. (Ma et al.2016)




Soil Olsen-P (mg kg'l)

Focusing on soil legacy P in vegetable fields

700
600 - : The P-imbalance in
vegetable field
500 + P application exceeded
. P removal by 13.0-fold
400 - . in greenhouse and 4.7-
fold in open field; Over
300 1 . 50%of applied P
2001 [ 2 derived from manure
(Yan et al., 2013)
1004 —1— |-
+ — 95% of
0 A - protected-field
n=171 n=>5] n =35 existed the high
| | | risk of P mobility
Greenhouse Open field  Cereal crops
vegetables vegetables

Agronomic threshold: 46-57 mg P kg'in open field; ~90 mg P kg'in protected
field

. 25
Environmental threshold: 50-60 mg P kg'1(Jiang et al., 2008; Qin et al., 2010; Zhang et al., 2012;
Wang et al., 2006)



Why high legacy phosphorus?

; Soil P fertility

—

STP
<]15% of legacy P

Eutrophication
<« Native P —>< Legacy P ———8 ——» >

(non-labile P) (non-labile, moderately labile and labile P |

(Wither et al., 2014)

The levels and forms of soil
legacy P indicated the availability
to crop or the mobility to
environment




Chelates activated soil legacy P through combination/dissolution with
phosphate metals in soil

R R
5+ Metal-P —» H* + M- PO,

RN
(00)

NpH=4 C=0.05g/L a
B pH=4 C=0.5g/L

N
(o))
I

P-mobilizing process

PlantrootS —mmem—m—m——
1.4 1 B pH=6 C=0.05g/L
P
1,2 - BpH=6 C=059/L uptake I
1 available
P

o
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Fertilizer
application

(Wang et al., Unpublished)

Inorganic P Concentration in the
Supernatant (mg/L)

ck EDTA Citric Acid
Different Chelate Treatments in Batch Experiment
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Biostimulants: Enhance crop resistance
agricultural natural
substances, other than

fertilizers and pesticides

AT R

Soluble mineral nutrients

. :4./

Healthy
micro-
environment
in root-zone
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Increasing rootzone P availability
through fertigation accompanied
strategy to utilize legacy P in soil

Stabilized legacy

No P fertilizer sidedressing $ Phosphate
with fertigation
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fertilizers through
drip irrigation

* Phosphate release in
rootzone
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Bounded P

STP
=<15% of legacy P

< Native P —>< Legacy P ———
(non-labile P) (non-labile, moderately labile and labile P

Biologically active
substances to stimulate root
growth and/or chelating
metals i.e. amino acid
fulvic acid, and citrate were
selected as synergistic
component in liquid water
soluble fertilizers for drip
irrigation




Current and future targets for engineering the rhizosphere

Persistence of beneficial
microorganisms (PGPRs)
encouraged by inoculation.
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nutrition or stress resistance.

\ Competitiveness of beneficial
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Frg 1 oLurrent and tuture targets 1or rizosphere enginecring
The rhizosphere can be manipulated or engineered with
agronomic practices, plant selection, soil moculation or with
biotechnology., Common practices such as soil tullage, fertilzer
application or even imgation can alter the chemistry of the
plant-sol mterface by changmg acration, root function or
microbial commumities. Plants with favorable roots traits that
mprove performance can be selected for by breeders. These
traits could mclude exudates that increase nutrient accessibility,

MINITIZE SITess Oor that encourage the persistence of beneticial
micro-organisms. Botechnology can be used to accentuate
these usetul traits or generate plants and micro-organisms with
novel phenotypes that help plant survival., Transgenic plants
and micro-organisms can be enginecred to exude exogenous
compounds that improve plant nutntion, repress pathogenic
microbes and minmmize the consequences of biotic or abiotic
SITEsses

Peter R. Ryan.et al;2009



Factors on root growth in vegetable field:

caused by : 1
- low/ high temperature [ [

- soil compaction o AT

- root pathogens 7
- excessive nutrient stat  ’ 7
- soil secondary salinity  « '

The physical root volume o
limitations may have caused ./,
secondary water or nutrient /t {\\
limitations VAN CARLOS A. M. PORTAS*
30—F+ "\ Plant and Soil 39, 507-518 (1973)
40 %
/|
S0}
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B0 —
o L} i a0
Fig. 6. Root system of melon 'Tendral’. {Values indicate em).
a) Last sampling, At soil, irrigated

b) Last sampling, Pag soil, not irrigated. {deep, clay-loamy)
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Select formula:promote root and improve nutrient absorption

CARAR 38 iR 77 73 I SN H A ) 2 Zh RE R 7 i e

Localized supply of PO,*, NO; , NH,", or K and the architecture of barley
root growth

NPO, >, NO;y , NH,", Bk K* Ff RZER ARG

Phosphate Nitrate Ammonium Potassium

+ - portion of root system receiving complete nutrient solution
RAGEH — AR 2 58 478 IRl
- - Part of the root system receiving the solution deficient in specified nutrient

MR ARG — 8 R B R Z oAb s IR BB TRl

Drew (1975) New Phytol. 75 : 461-478



Biostimulant materials for functional liquid WSF
& H T DR R AR K I M RERL B VD Y R
Add organic matter

HMEVIR (BHL Increase the biological activity
; Bk PR, IBEER. & q F A s ey
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Aggregates increases l Decomposition

harmful substances

A

« Reduce soil diseases

o EOmMEERE D EAEAN ; iy

:. Improve the pore structure f umus and other growth-

e S 6 7L B 2 Nutrient releas promoting substances

: ¥ TR | | R AREARE KR

* Y Improve tillage and water storage * o

° Detoxification of

RE\HHENEK

"=}  Plant Health
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Nutrient Water

Carbo / \ )
Biodiversity

(Intercropping, catch Chemical composition Reduce solute
crop) in root exudate leaching and salts
accumulation

N\ '
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Control Balanced soil <_ Control soil
- -

pesticide microbe community — acidification and
salinity

F______ I IIE I IS IS S S S S S - - _—_1

i Ifu ngi Nemat- Beneficial Improving soil I
| disease ode microbe physichemical :

properties

L__5::::::::1::::::::f__1

Improvement of soil quality

:

Plant product and quality

Strategies to improve greenhouse soil quality and productivity
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Innovative product and related techniques

High efficiency: Meeting crop demand, time and
labor saving, high efficiency;

Complex: the inorganic complex; organic and
inorganic complex; bio-organic compound;
pesticides, hormones and herbicides compound
Wide-function: Soil quality, root growth and
seedling health, weeding-cleaning, flowers and fruit
Low-carbon:reduce greenhouse gas emissions.
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