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Type of Protected Cultivation

= Low tunnel, High tunnel (Plastic)
= Multi-span greenhouse (Plastic, Glass)

= Solar lean-to greenhouse, Energy saving

solar-heated lean-to
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Very ancient type

O NS o S




In ) \ 3 S ~
u
f
é
et
1
rS
9 CA
t ‘, ‘7\:“'.’
\V/ I - ALt y



i g —

o E RS F W B SRAE FHAT ST
[nstitute of Vegetables & Flowers, CAAS




Softening cultivation

Yellow Chinese leek
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Wind break

Straw mat
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High Tunnels
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jouth China: year round

North China: Spring, Fall
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Multi-layer covers for
hot pepper production
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o Rainproof cultivation
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~ Solar-heated greenhouse
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Basic structure of a typical energy-saving, greenhouse
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Concrete 5~10cm thick
Straw 20~30cm thick
Plaslic film
Coal cinder Scm thick
Wood board 2cm thick
Straw 25cm thick
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Straw mat
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Remote area
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Poverty reduction

Rain collection
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Mushroom plus hortlcultural crops
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Photo from satellite
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= ultl-span greenhouse .f
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‘ﬁ\ﬁ Multi-layer of thermal screen
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Heating system
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Water heating system
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| Fect ee yea rs, Giant companies are
e*s od in investing and operating

ree nhouse vegetable production
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Remove elder leaves
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Increase sunlight to fruits
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d!shcloth gourd
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https://fanyi.so.com/?src=onebox#towel%2Fdishcloth%20gourd

Photovoltaic (PV)

Gen OYSE,
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fruit tree in
greenhouse
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Strawberry
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Appricote
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Irrigation
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3 phase in one day

Phase1

m First irrigation
to first drain

s WC increase

m EC increase
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— WC %

Pl - P2 . F3

start drain stop

Development of substrate WC & EC in 24 hours

start




Phase 2 — WC % Pl P2 P3

= Drainage time
= WC stable

s EC decrease

start drain stop start

Development of substrate WC & EC in 24 hours
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Phase 3

= Irrigation stop

to first
irrigation next
day

m WC decrease

m EC increase
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— WC %

Pl - P2 . F3

start

drain stop start

Development of substrate WC & EC in 24 hours




Starting and stopping irrigation
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First irrigation Irrigation Start time

Transpiration then irrigation. Start time in I‘E|ati0n
AR E R in relation to sunrise
| to sunrise and
m Why important to start on time? - -
. K ABEERXAEE Increasing
= EC control in time. RJ3EHIEC plant
= Maintain plant, root & fruit activity
qual ity

= RFEHEY. RAKRIHERE.
0 —1 hour Early

m Factors which affect rate of

resaturation to point of draing 1 — 2 hours Standard

M) £ R TR A2 1 BLiRR R R E =

= Size of irrigation session 2 — 4 hOUI‘S Late
/m2. BALEFRAERE

= Frequency of irrgation Typical start conditions

sessions. JEMINE
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Radiation highest EC lowest irrigation. Time Of _Start ti!'ne
. RBRE, ASERE 1st drain in relation

=  Why important for EC control in time?

L B EHECE A BB in relation to sunrise

+ Stability of ECin a particular to and
growing phase. 47 - Kh FAc 2 irrigation increasing
= Maintain plant and fruit quality. start time plant

n  DRUEAEARAT R SC 5 &

= Factors which affect stability of EC aCt“"ty
and WC.
. BHECKI 5K R K % 1 —2 hours Early
= Frequnecy of irrigation (ml/J)
. I 2 — 3 hours Standard

= Minimum rest time#z /)> 7] f& i ]

3 — 4 hours Late
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Stop irrigation
2 ORIk
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Irrigation Stop time

stop to in relation
relative to to sunset
sunset and
decreasin
plant
activity
0 — 2 hours Early
2 — 3 hours Standard
3 — 6 hours Late




VEGETATIVE GENERATIVE

Ca* NO;- K* 50,4, CI
Low EC High EC
Vegetative Generative
Water content high low
First irrigation |Early late
Stop irrigation |Late early
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b/ l

(2) volume per dripper

litres per hour (FH/\i) ml per minute (ZFH/% )
] 17
y, 33
3 50

e
[y

&hn/E|N3L/h, ERER2L/h,
Tomato/cucumber 3L/hr, hot pepper 2 L/hr
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CO, Enrichment
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l1ght

= GO, H,0 ~ CH,0 + 0,
Carbohydrates
CO, compensation point,
m C3 pathway: about 50ppm

m C4 pathway less than 10ppm
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CO, content in air: around 400ppm

Suitable GO, content for photosynthese: C0, 1000ppm

Time of CO, Enrichment

m Light intensity higher than 5000Lux,
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Effect of CO, on tomato growth

Number of fruits in
different cluster
Treat PI?nt Number Date of Date.of
ment height of flowerin fruit
(cm) leaves s setting |l I IV | Total
+C0, 42. 4 1.7 May 20 May 26 (3.914.0|4.0|3.1| 15.0
—C0, 43. 6 11. 8 May 25 May 30 [3.514.0(3.1[1.7| 12.3
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Effect CO, on hot pepper growth

Up plant Roots
Treat Plant Number Number
rea height of branch Roots Fr?Sh er FheSh Dry
ment (cm) leaves of weight | weight |weight | weight
flower (g) (g) (g) (g)
+C0, 15. 66 23 6 6 13.5] 6.98 | 0.93 | 2.69 | 0.40
—C0, 12. 80 16 4 6.4 | 8.8 (472 | 0.60 |1.70| 0.25
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Effect of CO, on cucumber yield

Number of Fruits
Treatment Date

Total Class 1 Class 2

April 15— May 10 1,070 166 304

1Co May 11—June 5 2,295 1, 321 978

2 June 6—June 30 1, 552 676 878
Subtotal 4,917 2, 763 2,156

April 15— May 10 770 521 249

0 May 11—June 5 1,150 461 269

2 June 6—June 30 1, 284 519 765
Subtotal 3, 209 1, 501 1,273

) bR e
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Effect of CO, on tomato yield

Early yield (June 1, Kg/m2) Total yield (Kg/m?)
+00, | —CO, |Increase(%)| +C0, | —CO, '”C(r;;ase
0
5.14 3. 23 159. 1 11.74 | 10. 86 108. 1
4.23 3.47 121. 9 12. 39 12.10 102. 4
3.75 2.40 148. 8 10. 32 10. 07 102. 5
1. 80 1.20 150. 0 9.11 6. 94 131. 3

) bR e
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Different time of CO, enrichment on '#C distribution
of cucumber organs

. 14C distribution (%)
Time of 14C0,
enr ichment oy ¥ oy
eaT treate ea :
(leaf No. 10) untreated Stem | Fruit | Roots
8:00 47. 3 17. 8 8.2 | 13.2 13.5
10:00 50. 1 18. 2 6.1 11.5 14. 1
12:00 63.5 19.0 10. 1 8.9 8.5
15:00 72.7 8.5 6.9 7.7 4.2
17:00 61.6 9.8 3.8 9.4 5.4
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Effect of wind speed on photosynthesis of
tomato leaf

Wind speed (cm/s) photosysthesis (mm3C0,/cm?/hr)
10 /9
16 88
42 101
100 109
300 114
1,000 118
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Source of (O,

Burn Fossil| fuels, including wood; composting

organic mater., Wine industry, CO2 is by product,

Method of CO, enrichment

1. PureG02: D Solid €0,, @ liquid CO,, by
product from wine industry o

2. Burning nature gase. coal

P E R AR F PR R SR AL F TR 5T B

nstitute of Vegetables & Flowers, CAAS




' -
x‘ [ k ﬂi E‘
ﬁ.!t};

Chelcal methoc! 5







“SiURRES

FpE R B PR iR SR L P 5T B
[nstitute of Vegetables & Flowers, CA/



= amw

N —— e ——

—

A — S

P E R F Bk F AT 5 B
[nstitute of Vegetables & Flowers, CAAS




Supplemental lighting

Ly Light B IR
* ok / a] WY b AR 4
LO0%
i
&
fi
l|'|I

900 290 100 800 5000
# 4% (nm)
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Low temperature and weak light is bottle
neck for high yield production for
protected cultivation

heatlng and Ilghtlng ﬂiF,,E' 0- 10 °C low temperature<0 °C

) bR e
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Effect of light on plant

<oSignal for plant growth and development

Plant process Lig!‘lt or
<Energy source for plant photosynthesis radiation
. Photosynthesis +++
<Stress resistence for plant (uptake of CO2 and formation of sugars)
Respiration
3 IHSGCt act 1V1 ty (burning sugars for plant maintenance)
Uptake of water and nutrients +++
Transpiration +++

(loss of water through the leaves)

Development
(appearance of new leaves and flowers)

Flowering ++
Fruit set ++

Dry matter distribution

(spreading sugars to all plant parts)
Formation of plant tissue

(conversion of sugars, incorporation of

water)
High RFR  Low RFR Stretching =1
Photosyn Phot i od (cells and organs getting larger)
. otoperio
thesis Growth Fruit ripening B
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Toleranfe ‘

I I
| pigments ------}- =1~ phytochromes |
| | |
| l [ | |
| ) ) M
| photosynthesis 1 wmefabolism  stress signals
| [ |
| l | I
| | L
: yield | : Nutrition | :
| |
|

Bt =S

energy signal
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Effect of light on stem growth

e ' .ontrol
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i A (h) time
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Greenlight on plant
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Effect of greenlight on strawberry leaf and fruit

Growth (Leaf area) Fruit enlargement

W Fruit weight® Green Light == Fruit weight- Cont
—O— Leaf area“Green Light _—“— Leaf area*Cont

50 4005
i~ wer cluster 2nd 3rd 4th 5th| E
E & 300 $
230 -
& 2002
%2 -
0
£10 o
D @
X g
9/17 10/1711/1312/25 1/21 2/19 3/12 4/8 5/15
Month/Day
Effect of supplemental greenlight during night on strawberry,21:00--23:00. 80 pmol m-2s-!
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Supplemental lighting in overcast day on tomato

BAR &P S BT < X 2 7im RO 2 M

>Treatments: (When sunlight
intensity less thanfollowing set

»start: Oct. 23, 2016 L
value, supplemental lighting turn on

»supplemental lighting period: e SRR T3 SE (B AT FERE A )
6:00am~20:00pm T1: <2000Lux

T2: <4000Lux

T3: =<6000Lux

T4: CK
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Supplemental lighting on tomato height (cm)

Vislfltle Nov.8 Nov.23 Dec.7 Dec.22 Jan.4 Jan.19 Feb.7 Mar.7

(Lux)

2000 73.35a 101.55 bc 121.12 ¢ 151.27b 17013 ¢ 198.87 ¢ 23093 b 280.53 ¢
4000 73.07 a 103.32 b 127.47 b 151.67b 17553 b 203.73bc 234.27b 29492 b
6000 72.02 a 99.76 ¢ 12345 ¢ 148.53¢ 178.80b 208.90 b 241.00b 295.92 b
CK 72.43 a 112.20 a 146.67 a 17993 a  206.00 a 233.00 a 264.27a 313.89 a

Supplemental lighting on tomato stem diameter (mm)
(Lux) Nov.8 Nov.23 Dec.7 Dec.22 Jand4  Jan.l9  Feb.7  Mar7 (Apex
Jan.4)

2000 8.50 a 9.21 a 845a 8.75a 8.68 b 855b 8.77 a 8.74 b 1.66 a
4000 8.32a 8.44 b 8.70 a 8.13b 8.41 bc 842Db 9.04 a 9.23 a 1.39b
6000 8.66 a 9.03 a 8.71 a 8.72 a 9.33 a 9.11 a 9.28 a 9.60 a 1.57 a
CK 7.69 b 741 c 7.73 b 7.85¢ 7.90 ¢ 1.77 ¢ 7.87b 8.53b 093 ¢

[ R R F PR S L PP S
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Supplental lighting on tomato fruit quality

set value (Lux)  acid (%) S ?;far (mg/v1000g) > (S%O)I 'd
2000 0.30 a 2.15 a 26.96 ab 4.50 a
4000 0.30 a 2.18 a 27.10 ab 4.53 a
6000 0.30 a 2.07 a 30.565 a 4.60 a
CK 0.27 b 1.86 b 26.52 b 3.93 b

P E R AR F PR R SR AL F TR 5T B
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Supplental lighting on tomato yield

set value yie::n:er vield increase
(Lux) (k;>plant) (kg/plot)
2000 1.94 a 10. 41
4000 1.95 a 10. 54
6000 2.25 a 19. 02
CK 1.87 b -

P E R AR F PR R SR AL F TR 5T B
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Supplemental lighting in overcast day on tomato

BAR A3 E AR AR

>Treatments: (When sunlight

intensity less thanfollowing set

»start: Mar. 23, 2017

value, supplemental lighting turn on

»supplemental lighting period: e SRR T3 SE (B AT FERE A )

7:30~17:30

P E R AR F PR R SR AL F TR 5T B
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T1:
T2:
T3:
T4:

<5000Lux
<10000Lux
<15000Lux
CK




Supplemental lighting on tomato height (cm)

set value (Lux) April.14 May. 2 May. 18 June. 8 June. 27

5000 134.56 b 176.33 b 222.17 a 269.28 a 315.67 a
10000 129.86 ¢ 166.56 ¢ 210.72 b 238.44 b 296.27 b
15000 116.44 d 148.44d 192.06 ¢ 229.83 ¢ 287.78 b

CK 147.11 a 191.06 a 230.39 a 272.89 a 324.61 a

Supplemental lighting on chlorophyl |

set value (Lux) April. 14 May. 2 May. 18 June. 8 June. 27

5000 51.19 b 49.13 b 51.99b 50.04 ¢ 51.17 b
10000 52.35 b 51.78 a 52.77b 51.77 b 51.42 ab
15000 54. 68 a 53.53 a 54.53 a 53.43 a 53.86 a

CK 48.15 ¢ 48.34 b 48.81 ¢ 45.41 d 46.27 c

FhE R F PR iR SR A T TP
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Supplemental lighting on tomato stem diameter (mm)

set value (Lux) April.14 May. 2 May.18 June.8 June. 27

5000 11.00b 9.25ab 8.80a 7.96a 9.07 a
10000 10.93 b 8.80 b 8.33b 7.23a 7.76Db
15000 12.55 a 9.63 a 8.80a 7.55a 8.53 a
CK 8.47 ¢ 7.74 ¢ 7.09¢ 521b 6.84c¢
Supplemental lighting on tomato hstem apex diameter (mm)
set value (Lux) May. 2 May. 18 June. 8 June. 27
5000 2.18 b 2.33 a 2.39 a 2.73 a
10000 2.13 b 2.21 a 2.19 a 2.41 a
15000 2.74 a 2.33 a 2.23 a 2.41 a
CK 1.86 ¢ 1.59 b 1.41 b 1.90 b

FhE R F PR iR SR A T TP
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Supplemental lighting on tomato fruit quality

set value acid S. Sugar VC S.Sol id Sugar/ Solid/
(Lux) (%) (%) (mg/100g) (%) Acid Acid
5000 0.45 ab 1.81 a 28.71 ab 5.00 a 4.03 11.10
10000 0.48 a 1.82 a 28.28 ab 5.10 a 3. 80 10. 68
15000 0.48 a 1.89 a 30.55 a 5.00 a 3.95 10. 46
CK 0.42 b 1.48 b 26.73 b 4.57 b 3.49 10.79

FMFEIEA1E F5000LexHIBE/BR . [El/BREE &S
Set value 5000lux had highest Sugar/Acid, Solid/Acid
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Supplemental lighting on tomato yield

and benefit

Yield per Yield electricity

Setvalue . output/
(Lux) plant increase used
(kg/plant) (kg/plot) (KW/plot)
5000 3.12 b 17.70 41. 00
10000 3.15 b 18. 57 77.00
15000 3.49 a 28.71 90. 00
CK 2.53 ¢ - -
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Supplemental lighting during night on tomato
B2 [B) 0 S B < 35F 2 o B9 52 Wi

> T1(A): 1h (23:00pm~24:00pm)
> T2(B): 2h (23:00pm~1:00am)
> T3(C): 3h (23:00pm~2:00am)
> T4(D): CK

»>Start: March 31, 2017
»End: July 24, 2017
>ER:
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Supplemental lighting on tomato height

period April.18 May. 3 May. 24 June. 8 June. 28
1h 153.83 b 197.97 a 257.99 b 289.98 a 327.47 bc
2h 155.86 ab 200.67 a 263.11 a 281.28b 325.22 ¢
3h 1556.80 ab 198.56 a 251.44 ¢ 289.59 a  341.48 a
CK 159.11 a 200.72 a 254.22 ¢ 287.09 a 336.59 ab

Supplemental lighting on tomato leaf chlorophyll

period April. 18 May. 3 May. 24 June. 8 June. 28
1h 51.04 a 53.83 a 54.58 a 54.28 a 53.03 a
2h 50.01 a 52.10 b 54.18 a 52.78 b 51.44 a
3h 51.03 a 52.08 b 52.63 a 51.24 ¢ 54.51 a
CK 47.34 b 48.52 ¢ 45.32 b 50.32 d 48.77 b

) EERRR e e
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Supplemental lighting on tomato stem diameter

period April.18 May. 3 May. 24 June. 8 June. 28
1h 11.87 a 10.19 a 8.72 a 7.00 ab 6.04 b
2h 10.83 b 10.22 a 8.59 a 7.09 a 6.07 b
3h 10.67 b 9.63 b 8.44 a 7.39 a 6.90 a
CK 9.36 ¢ 8.24 ¢ 6.69 b 6.64 b 5.54 ¢

Supplemental lighting on tomato stem apex diameter

period May. 3 May. 24 June. 8 June. 28
1h 2.48 a 2.05 a 1.82 b 1.64 b
2h 2.19 b 1.94 b 1.86 b 1.87 ¢
3h 2.14 b 2.06 a 1.96 a 1.71 a
CK 1.73 ¢ 1.685 ¢ 1.588 ¢ 1.45 d
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Supplemental lighting on tomato fruit quality

: Acid S. Sugar VC S.Solid Sugar Solid/
period (%) (%) (mg/100g) (%) /Acid  Acid
1h 0.43 a 1.78 a 26.18 a 5.00 a 4.16 | 11.69
2h 0.41 a 1.53 b 24.72 ab 5.00 a 3.70 | 12.09
3h 0.47 a 1.78 a 23.56 bce 5.00 a 3.78 10.63
CK 0.43 a 1.59 ab 22.50 ¢ 5.00 a 3.68 11.58

supp lemental lighting 1h had highest Sugar/Acid
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Supplemental lighting on tomato fruit yield and benefit

: yield per increase electricity :
per iod (k;}ﬁT:;t) (kg/plot) wused (KW/hr) output/input
1h 2.91 a 18. 20 24.00 10. 11
2h 2.86 a 15.93 48. 50 4. 38
3h 2.98 a 20. 56 70.00 3.92
CK 2.45 b - - -
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Artificial lighting----Plant factory
R/B 7: 3

Intensity ) 100 umol m-2s-1
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Protected cultivation ——supplemental lighting

mm)> +8-15%
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supplemental lighting in open field Pitaya
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Strawberry

overcast day Control treatment
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40 days after pollination

supple. lighting

Control

Sugar : 2~3 degree higher
energy : 10 KWh/day/mu
input/output: 1: 5

P E R AR F PR R SR AL F TR 5T B

[nstitute of Vegetables & Flowers, CAAS




Blue light increase anthocyanin content 1n lettuce

18 white FL
= 16 | sunlight
g% 14 | :
Cao 127 i
co 10 | i
§2 8| M
>E 5|
2
252 2 fi

S i
O j | |

B3 B5 B11 B17 B32 B82
Blue light content (%)

Intensity 150 umol m-2 s-1 constant

FhE R F PR iR SR A T TP

nstitute of Vegetables & Flowers, CAAS




Blue light and UV increase
Functional Component

y

3 days before
harvest

Promotion of photosynthesis by red light Blue or UV light
addition to synthesize
secondary metabolites
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Changes in growth, physiology and
antioxidant systems of cucumber
by UV-B radiation

"‘-:;:ﬂ -?-:I""I:-"' %Y S e e -
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Background

Ultraviolet-B radiation (UV-B) is a key
environmental signal for plant growth and
development. An excess or lack of UV-B can affect
plant growth, physiology resistance.

T T ]
/1300 nmr\ 400 nm 500 nm 600 nm 700 nm

280nm 315nm
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Background

= Due to the covering materials (plastic film or glass)
used ,photosynthetically active radiation
transmittance is 80-90% and UV-B transmittance is
15-30%.

P E R AR F PR R SR AL F TR 5T B

nstitute of Vegetables & Flowers, CAAS




Background

= Wang et al. reported that 2.2 ymol-m-2:s-1 of
supplemental UV-B radiation could improve fruit
quality in tomatoes in winter plastic greenhouses.

= Chen et al. reported that 6.91-10.37 ymol'm-2-s-1
supplemental UV-B radiation could increase
ascorbic acid (AsA) content in pakchoi leaves .

) bR e
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Materials and methods

Table. 1 The experimental treatments

Treatment  Supplemental UV-B Supplemental UV-B time Grow condition: 14 h phOtOpGI’iOd,

28/20°C, 60% relative humidity and

560 umol-m-2-s-! photon flux

density (400-700 nm) supplemented

CK 0 4 (11:00 AM-2:00 PM) with high-pressure sodium lamps
from 6:00 AM to 8:00 PM.

dose (hour per day)

(umol-m2-s1)

Tl 1.67 4 (11:00 AM-2:00 PM)

T2 3.3 4 (11:00 AM-2:00 PM) Samples were collected on 0, 7, 14,

T3 5.01 4 (11:00 AM-2:00 PM) 21, 28d after treatment, and the dry

- 667 4(11:00 AM-2:00 PM) weight was determined 28d after
treatment.
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Results

Effects of different doses of UV-B radiation on
180 plant height of cucumber seedlings

130 mCK
§ =TI
= V)
.';gj’ 80 H T3
= ™ T4
=

]

= 30

20 - 0d 7d 14d 21d 28d

Treatment time/d

Plant height significantly decreased as UV-B radiation dose and treatment
time increased. Specifically, plant height decreased by 4.2%-16.0%, 12.2%-
22.6%, 18.9%-24.0% and 27.0%-32.0% for T1, T2, T3 and T4, respectively.
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Results

- Effects of different doses of UV-B radiation on stem
diameter of cucumber seedlings

Stem diameter /mm

0od 7d 14d 21d 28d
Treatment time /d

Stem diameter in the T2 group was significantly increased from days 7 to 28 .
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Results

Effects of different doses of UV-B radiation on net

14 - photosyntheticrate of cucumber seedlings
12 -

aaaaa a
10

(umolCO, ‘m2-s1)
S Nk~ O

Net photosyntheticrate

0d 7d 14d 21d 28d
Treatment time /d

Net photosynthesis in cucumber leaves under 1.67 or 3.33 tmol'm-2's-1did
not change significantly from day 14th to 28th,
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Results

Effects of different doses of UV-B

08 I radiation on soluble sugar content in

0.7 a  Jeaves

0.6 - bIbc B CK
0.5 BT

Soluble sugar content /%

0d 7d 14d 21d 28d
Treatment time /d

The level of soluble sugar in the T2 treatment group was higher than the
control from day 7 to 28,
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Results

- Effects of different doses of UV-B radiation on
H,0, content in leaves

120
100

(umol-g! FW)
B o)) e}
(e) (e e

[\
e

(e

Hydrogen peroxide content

0d 7d 14d 21d 28d
Treatment time /d

The content of H,O, (Hydrogen peroxide) inT1, T3 and T4 was significantly

higher than control during the whole treatment period, and the H,0, content

of T2 was not significantly different from control.
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Results

Effects of different doses of UV-B radiation on

16 MDA content in leaves
y 14 + a @ a
g 127 a plim CK
e~ 10 BTl
(5]
%E q ~aaaaa bC b = T2
%:v.w 6 H T3
2= W T4
S E 4
s £
; 2
-]
s 0

0d 7d 14d 21d 28d
Treatment time /d

The level of MDA in T3 and T4 was significantly higher than control, whereas
the level of MDA inT2 was no difference from control.
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Results

Effects of different doses of UV-B radiation on
300 - Activity of SOD in leaves

Activity of SOD

0od 7d 14d 21d 28d
Treatment time/d

After treatment with UV-B, SOD activity in T2 increased,as compared with the
control.
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Results

Effects of different doses of UV-B radiation on
activity of POD in leaves
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Activity of POD
(umol.min-l.g-1 FW)
e

—
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(=]

0od 7d 14d 21d 28d
Treatment time/d

After treatment with UV-B, POD activity in T2 increased,6.67 pymol m-2:s-t UV-
B decreased POD activity in leaves compared with the control.
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Results

Total AsA content

Effects of different doses of UV-B radiation on

_ total AsA content in leaves
i . a a f B CK
a- g I b b BTI
i I bidb by b =1y
H T3
d®T4

0d

7d 14d
Treatment time /d

21d 28d

AsA content in the cucumber seedling leaves was significantly higher in the
T1, T2 and T3 treatment groups than control. However, at the high dose of
UV-B radiation, the total AsA content decreased significantly.
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conclusions

s 3.33 umol-m=2-s-! UV-B favored stem diameter growth
s 3.33 umol-m=-s-! UV-B increased soluble sugar content

= 3.33 umol-m=-s-! UV-B increased activation of the
antioxidant system

The results of this study indicate that 3.33 ymol-m=-s-! UV-B
promoted the growth and improved the stress resistance of
cucumber plants 1n a plant factory.
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Eco-organic Type Soilless Culture

This is a trough culture, local
substrates were used such as coal
cinder, peat moss, vermiculite, coir,
sawdust, perlite, sand, rice husk,crop
straws etc. Which can be used
successfully and get very good results.

The system was first developed by
Chinese Academy of Agricultural
Sciences,

i 7 e S el
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STRUCTURE
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Eco-organic type soilless culture

= accounts for over 80% of total area of
soilless culture

= Introduced the concept of organic
agriculture into soilless culture

= Promoted the development of soilless
culture
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ADVANTAGES

Eco-organic type soilless culture

= large percent of Solid fertilizer is used to
feed crops, fertilization is divided into
base fertilizer and top-dressing fertilizer.
Organic fertilizer accounts for 80-100% of

total fertilizer.
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ADVANTAGES

Eco-organic type soilless culture

= Decrease fertilizer cost up to
60%o; greatly simplify the rule of
operation and improve the
quality of vegetables.
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Soilless cultivation for
vegetable production
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Sympliest soilless system e
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Three different type of trough for substrate cultivation
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Bag culture, 8 litre substrates/plant with proper irrigation
system, reduce amount of substrate.
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Research activities

How to decrease the once over
investment and improvement of
production, producing high quality
vegetables are the first priority in
research work.

) bR e

nstitute of Vegetables & Flowers, CAAS




Agricultural waste used as Growing media for
soilless cultivation
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Progress on research activities

Research on substrates

= Agriculture wastes (sunflower
stem, corn stem, sawdust, coir,
rice husk, mushroom waste and so
on) for replacing peat/rockwool
have gotten successful results and
shown great potential in economy
profit and environment protection.
Cost reduced over 70%.
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Materials for Substrates

s Organic: Peat. Coir. Sawdust. bark. Wood
chips. Rice husky Crop straw., Peanut husk.
Weathering coal. Mushroom waste. Herbal
residues etc,

= Inorganic: Perlite. Vermiculite. Sand. Coal
cinder. Rockwool. Zeolite. Ceramic particles etco

) bR e
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Casawa waste
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Crop waste
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herb waste

PERA R F g5

[nstitute of Vegetables & Flowers, CAAS

PHBEAZEZEYOR, Z
RSB K, IREE
HOBE. BESS. Sho%, EHRE
ST HR, SRFENFNY
MEHIR. EELEBELERFT
RMEAERER. (BRTHHA
ERSTBE R FRIRE S 4
t, BRSEERREM.




cotton seeds waste
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Sugar cane waste
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Rice husk
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Peanut husk
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Physical Property of Coir

Aparent density g/ml. 0.055
Real density g/ml. |
Total Porse Space 96.7%
Water holding Capacity

10¢cm 70%

S0cm 45%
Air capacity 31%
Easy availlable water 22.4%
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UNTILLABLE LAND FOR
GREENHOUSE CROP PRODUCTION
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Greenhouse in gobi area
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Greenhouse in desert area
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Irrigation control based on water
content in substrate

Water saving technique

N5=28 WUHAI in Inner Mongolia:

= Tomato soil cultivation + Furrow watering, 2000m3/Year

= Tomato soil cultivation + drip irrigation, 800m3/Year

= Tomato substrate cultivation + drip irrigation, 550m3/Year

= Tomato substrate cultivation + drip irrigation with irrigation
based on water content in substrate , 400m3/Year




walk path e e

|<—I+EJ‘E80cm—>| 15cm

root area

25cm

irrigation area
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Auto irrigation Vs tranditional irrigation

| tems Auto CK Reduced
compared to CK
Orgaic substrate 4.48 0 -
(M3)
Manure (T) 2.24 6. 45 65. 27%
Labor (day. person) 4 8 50. 00%
water amount (T) 487.5 1078.0 54. 78% (590. 5m3)
Yield (kg/row) 41. 2a 42. 4a

Saving water means saving fertilizers
under fertigation condition

) bR e

nstitute of Vegetables & Flowers, CAAS




Fertigation
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Fertigation control
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Organic cultivation with soilless system
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