Aerobic Rice
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Aerobic rice: atechnology in R&D

Key characteristics: no puddling, no standing
water, no soil saturation, dry land preparation,
direct dry seeding, “high” inputs => high yields,
special “aerobic rice” varieties

Target domain: water-short irrigated lands, favorable
uplands and rainfed lowlands (where water is
Insufficient to grow flooded rice)
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Upland rice

Breeding:

Unfavorable uplands

Aerobic soll
Drought tolerant

Weed competitive
Adverse soll conditions
Low inputs (!)

=> Stable but low yields




Different idea of rice like upland crop

Breeding: from upland rice...

Aerobic soll Lowland HYYV traits
Input responsive

Lodging resistant s a0 A

L U i

Weed competitive
=> Stable and high yields

l

Water-short irrigated areas
‘Favorable’ uplands
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Water use of a hypothetical aerobic rice crop and of a
lowland rice on different soils

Water flow process Aerobic rice Lowland rice (mm)
(mm)

Lowland soil SP rate - Immd?1l|5mmd1l

Irrigation efficiency

Evaporation

Transpiration

Seepage and percolation

Irrigation inefficiency loss

Total




Practical evidence: Brazil

e Active program to develop upland rice varieties
and management techniques since the 80’s

=> High-yielding aerobic varieties > 5t ha! with

high inputs

e State of Mato Grosso: 250,000 ha commercial
production (sprinkler irrigated)




Aerobic rice, Mato Grosso, Brasil
Guimaraes and Stone, 2000




Practical evidence: North China

High-yielding and good-quality aerobic rice varieties
released since late 1990s.

i Northeast China Plain:

4 HD297, HD502, Dangeng 8,
and Danhandao 1 a single
crop.

North China Plain HD277,
HD 297, HD65, Wushi HD as
a single crop.

Huai River Plain HD277,
s HD502, Zhonghan 3 grown
i following winter wheat.




Practical evidence: North China

Tested by farmers on estimated 80,000 ha
 In rainfed areas where rainfall is insufficient to
sustain lowland rice production (diversification!)

n irrigated areas where water is scarce/expensive
n salt-affected areas
n flood-prone areas




Huanjia jia Chuan (Beijing)
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China Agricultural University: developed
‘aerobic rice’ varieties since 1980’s

Questions
Yield? Water use? Can stand flooding??
Management? Sustainability?




Results field experiments Beljing




Checking the concept:
Hydrology field experiment Beljing
Explore aerobic rice yield and irrigation water use




Whree varieties:
e Aerobic rice-Han Dao 502 and 297

- Lowland rice (check): Jin Dao)| 305

 Lowland site: conventional lowland practice

» Aerobic site: five irrigation treatments




Aerobic site: sandy soil with > 20 m deep
groundwater

Texture
20% 40% 60% 80% 100% i
| Bulk density

0~10 | 2001  |2002
10~20 | 1.41 1.23
20~30 | 1.31 1.35
30~40 | 1.49 1.36
40~50 155 |1.35
50~60 1.44  [1.29
60~70 1.32
70~80 1.31
80~90 | 1.34
90~100 | 1.36
100~110 | 1.39
110~120 1.38
120~130 1.36
130~140 1.52
140~150 | 1.52

150~160 | 1.53
1.48

silt clay




Aerobic: different amount and timing Irrigation

Irrigation (mm)

Irrigation (mm) W1
80 - .
sowing FL Wl M 80

70 1 emergerce 70 ~
60 4| 60 -
504 50 -

Y
40 - 40
30 4 30 -

20 - 20 -
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115 140 165 190 215 240 265 115 140 165 190 215 240 265
Day number Day number

Rainfall (mm) Rainfall (mm)

80 Rain Rain

70 4
60 -
50 A
40 -
30 A
20 4
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115 140 165 190 215 240 265 115 140 165 190 215 240 265
Day number Day number




Soil moisture tension (kPa)
Pl

Soil moisture tension (kPa)

90 -
80 -
70
60 -
50 -
40 A
30 -
20 -
10 ~
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Day number

300
Day number

Soil moisture
tension at 20
cm depth;
2001

W1, W2
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Total water input (mm)

1400,

12001

10001

800

G10]0;

4001

200

O |
Flood W1 W2 W3 W4 W5

Water treatment (Rainfall)




Yield (t hal)

M [ owland
B HD502
1 HD297

q
519 469 Water (mm)




2001

Water productivity (g grain kg total water input)

0.9
0.8
0.7

0.6

0.5 M Lowland
0.4- B HD502
0 HD297

0.3

0.2 7

1394 644 Water (mm)

Flooded




2001 and 200; all crops

Yield (t ha™)

aerobic

Black = HD502
White = HD297
Cross = JD305

1000 1200 1400
Water input (mm)




Results from farmers




Site location
Kaifeng
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Groundwater depth aerobic rice 2002 (cm)
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AEROBIC RICE 2002

Zheng
Xiufen

Lu Xiulian

Pan Jiaqun

Pan
Jialiang

Liu Liang

Field size (ha)

0.11

0.13

0.07

0.07

0.21

Grain yield (t/ha)

4.4

3.8

5.1

5.5

3.4

Irrigation (mm)

225

80

231

230

225

Rainfall (mm)

337

337

337

337

337

Total water (I + R; mm)

562

417

568

566

562

WP (g grain/ kg total
water)

0.77

0.90

0.89

0.97

0.60

Input cost ($/ha)

fertilizer

seeds

herbicide and pesticide

harvest

fuel (except irrigation)

irrigation (water, fuel)

Total input cost ($/ha)

Production value ($/ha)

Net income ($/ha)

Hired labor (d/ha)

Own labor (d/ha)

Net income, labor
included




MEANS OF CROPS 2002

Lowland rice

Aerobic rice

Field size (ha)

0.12

0.12

Grain yield (t/ha)

7.31

4.35

Irrigation (mm)

1407

217

Rainfall (mm)

337

337

Total water (I + R; mm)

1744

553

WP (g grain/ kg total water)

0.42

0.79

Input cost ($/ha)

fertilizer

seeds

herbicide and pesticide

harvest

fuel (except irrigation)

irrigation (water, fuel)

Total input cost ($/ha)

Production value ($/ha)

Net income ($/ha)

Hired labor (d/ha)

Own labor (d/ha)

Net income, labor included




Aerobic rice (2003)

Quan
Yuliang

JiRuixia
ng

GuoGuan
gtian

Guo

Guangshan

Field size (ha)

0.16

0.06

0.11

0.13

Grain yield (kg/ha)

3825

2400

3750

3038

Irrigation (mm)

159

145

169

162

Rainfall (mm)

674

674

674

674

Total water (I+R, mm)

833

818

842

836

Water productivity (g/kg)

0.46

0.29

0.45

0.36

Input costs ($/ha)

Fertilizer

Seeds

Herbicide and pesticide

Hired labor

Harvest

Ploughing etc.

Irrigation (fuel, oil)

Total input costs ($/ha)

Production value ($/ha)

Net income ($/ha)

Own labor (d/ha)

Net income (w lab) ($/ha)




Crop means (2003)

Lowland

Aerobic

Cotton

Field size (ha)

0.11

0.11

0.16

Grain yield (kg/ha)

3675

2970

1233

Irrigation (mm)

476

156

76

Rainfall (mm)

674

674

Total water (I+R, mm)

1149

830

Water productivity (g/kg)

0.32

0.36

Input costs ($/ha)

Fertilizer

Seeds

Herbicide and pesticide

Hired labor

Harvest

Ploughing etc.

Irrigation (fuel, oil)

Total input costs ($/ha)

Production value ($/ha)

Net income ($/ha)

Own labor (d/ha)

Net income (w lab) ($/ha)




Farmers’ yield, Kaifeng 2006. N = 36

0-0.5 0.5-1 1-15 1.5-2 2-25 25-3 3-35 3.5-4 4-45 4.5-5 5-55 5.5-6

Yield (tha™)




Destroyed cotton and
maize fields by flooding,
2004

Destroyed sesame and
maize fields by flooding,
2002




Farmers’ feedback (Oct 2004)

*Yields 3-6t hal; should be 6in
‘normal year’

*Any yield good with flood
years (failure in 2004 maize,
cotton,..)

Good quality

Easy to manage

sLess labor requirement

More extension and support
needed on management

*\Weed control important




Tropical aerobic rice
Results field experiments




IRRI, Philippines: long-term sustainability
experiment (compare flooded-aerobic rice)
Heavy clay solil (60% clay!)




Objectives:

1. Quantify yield potential, water use and
water productivity of rice varieties under
aerobic conditions

2. Quantify long-term yield stability

Three treatments:

« Aerobic in dry season — aerobic in wet season
« Aerobic in dry season —flooded in wet season
 Flooded in dry season — flooded Iin wet season

Varieties:
1. Apo under “full” N (120 kg hat) and zero N
2. Different varieties under full N




-Irrigation amount (mm) FI O O d ed 200 1

Dry season (Jan-May) Wet season (Jun-Oct)

Irrigation

Rainfall (mm) Rainfall




Irrigation amount (mm) Aero b | C 2001

Irrigation

Rainfall (mm) Rainfall




ISture

1l mol
lIoN 1IN

Groundwater
tens

SO
Aerobic plots
Dg;/og/eaoro

15 cm depth

Soil moisture tension (kPa)

Groundwater depth (cm)

60 -
50 -
40 -
30 -
20 -
10 -
0 -




IRRI, 2001 DS: yield (t hal) in K6/7

M Flooded
M Aerobic

g
-]
6
5
4l
3
5]
1
0

IR43 B6144F Apo+

Fertilizer: 180-60-40 kg hat NPK

Pests and diseases: mole crickets (aerobic), stem
borer, sheath blight; lodging in B6144F




IRRI, 2002 DS: yield (t hal) in K6/7

-
7.
-
5-
.-
3-
).
1.
0-

IR43 IR64  Apo+
Fertilizer: 120-60-40 kg hat NPK

Magat

M Flooded
B Aerobic




Water input, including land preparation (mm)

Flooded Aerobic

= | bunds

DS2001
WS2001
DS2002
WS2002
DS2001
WS2001
DS2002
WS2002
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Water productivity Apo (g grain kgt water)

2001- 2001- 2002- 2002- 2003- 2003- B Acrobic
DS WS DS WS DS ws W _




Yield stability
Apo (t hal)

O K N W » O O N @

DS2001 DS2002 DS2003

Zero N

DS2001 DS2002 DS2003




Aerobic yield stability % reduction from flooded

45 -
404
35-
30-
251
20+
15-

2001- 2001- 2002- 2002- 2003- 2003-
DS WS DS WS DS WS




Results from farmers




Farmer-participatory R&D, central Luzon

1. Participatory variety Selection (PVS)




2. Crop establishment:
traditional technology
(Moldboard plough, Lithao,
hand-dibbling)




3. Automated seeder
with basal fertilizer
application

Labor saving
Efficient
fertilizer use?




4. Weed control:
traditional technology
(plough, Lithao,)




5. Irrigation and fertilizer management:
amount and timing
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RIMEIRGESIIES

Varieties with 5-6 t ha! yield
potential

Farmers can get 4-5t hal by
farmers in wet season

Some 30-50% less water
than flooded rice

Yield decline with
continuous cropping

Many problems in dry
season: nematodes,
micronutrients, soil-borne
diseases, heat stress




Yield WS 2002 - DS 2003 (t hat), Philippines

Grain yield (t/ha)

2002 Wet season

Apo  UPLRi-5 Magat Apo UPLRI-5

TARLAC SITES NUEVA ECIJA SITES

Yield range in WS:

APO :4.1-5.9t/ha
UPLRI-5 : 4.0 -5.6 t/ha
Magat :4.5-5.4t/ha

Grain yield (t/ha)

2003 Dry season

B Low-tech
] High-tech

APO UPLRI-5
Tarlac sites

Yield range in DS:
APO :2.0-6.6t/ha
UPLRI-5 :2.2-5.3t/ha
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4.

Conclusions “aerobic rice”

. ldentified varieties with yield potential of 5-6 t ha,
using about half the water used in lowland rice
(tropics: Apo, Magat, UPLRI5; China: HD502, HS297)

. Chinese varieties more drought-resistant than
Philippine varieties (dryer soil conditions!)

. Initial management recommendations that can deliver

45-55t halin farmers’ fields

Under water-short conditions, aerobic rice Is
attractive option: higher $ returns per unit water use
than flooded lowland rice

. Urgent to develop crop rotations (nematodes!) and

good management practices (water, nutrients, weeds)



