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1. Background
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O Total sowing area of whole crops: Stable;

O Food crops: rice and wheat slightly decreased;
O Feed crops: corn (2.8%) and beans (34.6%) increased;

O Forage: increased by 66.1%.

Table 1. Changes in crop sowing area in China (2014-2024)

Sowing area 2024 2023
Total sowing area of 173000.08 171624.47
crops(kha)

Sowing area of grain 119319.07 118968.54
crops(kha)

Sowing area of rice(kha)  29006.90  28949.1
Sowing area of wheat(kha)  23587.40  23627.2
Sowing area of corn(kha) 4474070  44218.9
Sowing area of beans(kha) 11994.16
Sowing area of oilseeds(kha) 13922.2

Sowing area of forage(kha)

2022

169990.92

118332.11

29450.11
23518.46
43070.15
11877.93
13140.69

2630.65

2021

168695.13

117630.82

29921.15
23567.06
43324.24
10120.74
13102.24

2575.04

2020

167487.14

116768.17

30075.53
23379.99
41264.26
11593.45
13129.12

2199.18

2019

165930.66

116063.6

29693.52
23727.68
41284.06
11074.67
12925.43

2115.02

2018

165902.38

117038.21

30189.45
24266.19
42130.05
10186.34
12872.43

1970.69

2017

117989.06 119230.06

30747.19
24478.15
42399
10051.29
13223.16
1874.14

2016

166331.91 166939.04

30745.89
24665.78
44177.61
9287.21
13191.12
1813.48

2015 2014

165183.3

166829.28 )

118962.81 117455.18

30784.09 30765.12
24566.9 244427
44968.39 42996.81
8432.73 8823.92
13314.39 13394.68
1633.49 , 1583.72



1. Background

_________ .

O Total crop yield: Increased;

O Food crops: Rice and Wheat; Surplus

O Feed crops: Corn and Soybean; Increase

O Yield of oilseeds increased.

Table 2. Changes of crop yield in China (2014-2023)

Yield

2023

2022

2021

2020

2019

1.341.29

Wheat
ihE

2018

Crop yield (Mt)
Rice yield (Mt)
Wheat yield (Mt)
Corn yield (Mt)
Beans yield (Mt)

Oilseeds yield (Mt)

69540.99

20660.32

13659.01

28884.23

2384.1

3863.66

68652.77

20849.48

13772.34

27720.3

2351.03

3654.21

68284.75

21284.24

13694.45

27255.06

1965.52

3613.17

66949.15

21185.96

13425.38

26066.52

2287.46

3586.4

66384.34

20961.4

13359.63

26077.89

2131.9

3492.98

65789.22

212129

13144.05

25717.39

1920.27

3433.39

Unit: 100 Mt
2.612.83
218 1 o7
1.02
0.16
Rice Corn Soybean
Fi4 Supply  Demand *g
2017 2016 2015 2014
66160.73 66043.51 66060.27 63964.83
21267.59  21109.42 21214.19 20960.91
13424.13  13318.83  13255.52  12823.52
25907.07 26361.31 26499.22 24976.44
1841.56 1650.66 1512.52 1564.52
3475.24 3400.05 3390.47 3371.92



1. Background

O In 2022, the consumption of feed grains in China account for 48% of the total grain consumption,

higher than the grain used for food by nearly 15 percentage points;

O In 2022 and 2023, Ministry of Agriculture and Rural Affairs (MARA) stated:
O The demand gap for high-quality forage still approaches 50 million tons;

O Promote the transformation of grain to forage solidly.
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1. Background

O Rice is an important staple crop in China, accounting for 60% of the total food consumption;

O In 2022, MARA stated: Southern provinces should take the development of ratoon rice as an important
task to ensure national food security, and strive to develop the area of ratoon rice in the country to
about 30 million mu by 2030;

O In 2023, No. 1 central document pointed out that the southern provinces should be promoted to develop

muIt| cropping grain production, and the qualified places should be encouraged to develop ratoon rice.
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1. Background
_________ p
O The suitable area for planting ratoon rice in China is about 5.64 Mha, but most of it is located in the low

suitable planting area, mainly in the Jianghuai and Southwest rice growing regions;

O The low suitable area for ratoon rice is mainly planted with mid season rice, and there is a serious waste of
temperature and light resources;

O Planting ratoon rice in low suitable areas, the yield of main crop high but poor quality, while ratoon rice has

good quality but low yield, and significant differences among different years as well.
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Ratoon rice
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2. Development

__________ .

O Since 2019, to increasing the yield of ratoon rice and improving the quality of rice, our team has been
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carried out the forage-grain ratoon rice system planting mode, with producing high-quality silage forage

from immature rice in the first season and harvesting high-quality rice in the ratoon season.

Harvest rice in the Harvest rice in the
ratoon crop

Main crop rice Ratoon rice

main crop
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Explore a new way to harvest one more season of high-quality forage under the condition of ensuring

that grain production is not reduced.




2. Development

Artificial mowing at brown stage+25cm
stubble height

-

40.33 t forage +4.75 ¢ rice

Organization: ARA of Henan Province, ATES of Henan Province
Purpose: Double high quality and yield in the first season for forage and ratoon season for rice

Technical support: Henan Agricultural University, Xinyang Academy of Agricultural Sciences
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2. Development
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O In 2021, the yield of fresh forage in the first season was 54.72 t/ha;
O In 2023, the average yield of ratoon season was 8.41 t/ha, basically realizing the harvest of one more

season fresh forage without yield reduction of rice.

First
season

(t/ha)

Ratoon rice

=l (t/ha

8.41

(one hundred mu)

2023

8.33

(one hundred mu)

2022

2021 8.50

2020 7.56
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3. Advantages of forage-grain ratoon rice system

O High yield of rice in ratoon crop
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Double high quality and yield for forage and rice
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The average yield of rice in the ratoon crop of forage-
food ratoon rice is 8.41 t/ha. (2023.11.1)
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0+ 4.29 t/ha
R=10.28, P<001

Ratoon crop yield (t ha™)

2014 2015 2016 2017 2018 2019 2020 2021 2022
4.29 t/ha

The average rice yield of conventional
ratoon rice is 4.29 t/ha.

(Peng et al., Crop and Environment, 2023)
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3. Advantages of forage-grain ratoon rice system

O High quality of rice in ratoon crop Double high quality and yield for forage and rice
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Conventional ratoon rice

Head rice rate increased by 21.1%, chalkiness decreased by13.8%, taste

value increased by 7.3%
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(Song et al., Carbohydrate Polymers, 2024)



3. Advantages of forage-grain ratoon rice system

O High yield of forage in main crop Double high quality and yield for forage and rice
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Fresh forage yield of forage-food ratoon rice Fresh forage yield of corn is 45.12~63.11 t/ha
is 54.72 t/ha (2021.7.25) (Zhou et al., Pratacultural Science , 2021)




O High quality of forage in main crop

3. Advantages of forage-grain ratoon rice system

Double high quality and yield for forage and rice

®3 AEMEMBMLFABERRERRHEN

Tab.3 Effect of clipping stage and stubble height on the silage quality of first-season rice %o

I A B )

Quality classification of silage maize

PUET g

Clipping stage of first—season rice

i (GB/T 25882—2010)
Index T T

. . i 3¢ 1 Hra —4 =4 =%

Heading-blooming - ) . X .
ta Filling stage Wax maturity stage First level Second level  Third level

siage
PHRRS RS R 42.97+4.47a 41.10%5.21a 34.10+1.01b =45 =350 =55
Neutral detergent fiber content
@ﬁ;‘ﬁ;i&ﬂ'ﬁ?ﬁﬂ 26.83+2.91a 25.93+2.25a 21. 00+0. 96b =23 =26 =29
Acid detergent fiber content
v o i 23.03+2.72b 28.73+3_85ab 32.23+2.52a =25 =20 =15
Starch content
ﬁﬁﬂﬁﬂ 8.48+0.42a 7.56+0.21b 7.54+0.53b =7 =7 =7
Crude protein content
ol 20.77+1. 6da 20.17+2.75a 16.13+1.07b —_ —_ —_
Crude fiber content
AR &R 10.87+0. 42a 10. 40+ 1. 06a 10. 13+0. 06a —_ —_ —_

Crude ash content

FWARERMERARAT
LR 5%

xxxxxx

O T TS SR
wanm pafn

(Peng et al., Henan Agricultural Science, 2020)

The silage rice mowing at the wax

maturity stage can reach the first level.

ADF (%)

CP(%)

T
Q

NDF (%)

6o{a @ p

40 +

]ID
QO

5.57 a

5.0

4.5

4.0
Rice SS 25R50R75R

601b 2 p 60 |
C

40 - d 40
20 A 204

0 0.
401 404 ,
30 - 30{f b b b
20 20

10 - 10 1

0 0

9+ 9-

8 a 8 c 8

7+ 7

6 6 -

9 7 5
5.97 5.9

a a
5.01 [ a 5.0
b
4.57 c 4.5
4.0 4.0
RiceCorn25R50R75R Rice LB LPLB+LP
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Social and economic benefits




4. Social and economic benefits

O Objective: To identify the potential planting areas, as well as the environmental and
economic benefits of the forage-grain ratoon rice system.

P R Data Collection and processing
I|'f'ffﬁ::rs.larwiuti::m sites) /"  Environmentdata
. Bios (11) Soils {10)

Processing
 —

g - . . - -

g m————- Model development and evaluation |=— = = = = = = = = -~
\
'ﬁ;’ludeldeuelopment\\ / Model evaluation ™\ / Ensemble SDM |
| n:"‘ﬁ;”} .v'fiﬂ:“w _" F_f-"un.*mw‘ . - I
1| ~[spms |==>[raxent] skl bdl Lokt LI |
| S= [ = ] |:I|]:| o) SN fifvlmﬁﬁl-wh h
1E IETH ol | | (Csows | | TSSweget i Erosntie sOM :
nl __Q:\"h -\-\-h HF '___Fr e
| R TR T T | = | onl . _ ISy N,
e JASENSNEON - :




4. Social and economic benefits

O Objective: To identify the potential planting areas, as well as the environmental and
economic benefits of the forage-grain ratoon rice system.

(a) ¢ Observation sites (311) A (b) Zhejiang [ [
50°N- Henan I |
Chongging [ [
i Anhui [ I
457N Fujian T
Y Sichuan I
40°N+ £ Guangxi [ [
S Hubei [ [ 1
35°N+ a Jiangxi [ I
Jiangsu [ [ ]
30°N- Guizhou I |
Hunan [ ]
oy} S F o Guangdong [
25N s 1000 km B, e S Yunnan [ |
- | ' ‘ ! 50 100 150 200 250
. Length of phenology
[[] Sowing to first heading []First maturity to ratoon heading

80°E 90°E 100°E 110°E 120°E 130°E Period [7] First heading to first maturity [ | Ratoon heading to ratoon maturity



4. Social and economic benefits

8 100-

50°N-

40°N+

£

30°N-

20°N-

—
)
-—

Area (Mha}

T3
1
l(" AT6% s ‘ 37’ T79%
—118.11% i : o ——17.77%
J E3572% x RS ) i 18.50%
i 71.91% Rt Rk ,:'«,T 68.94 %
0 200 400 600 80D i i 0 200 400 600 800 :
Count (x10%) O’* : , 2 Count (x103) C? . , 4
600 O 80°E  90°E 100°E 110°F  120°F  130° 80°E  90°F  100°E 110°F 120°F 130°E O 600
Count 0 53 'O 34 2 78 Count
Suitability s High suitability Medium suitability Low suitability ===  Unsuitability
[ GG (16.4 Mha)
|_'I|_'I |_1|_'I|_1 [0 FG (18.3 Mha)
l | ' 11.6%, 1.9 Mha
| |
| | I I
| | |. ||. l'l 0 0 0 == -
c = clhi sl = = 80 cly 31y 3 Qo 0o c c c T = o0 5
g BlsiEl s oz oglslgns 2 508 5 5 f OF o5 g
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4. Social and economic benefits

O Under future scenarios, ensuring food security can basically cover forage demand in 2030.

L o e
sl \\% senl A \ Ensem ble MOdEIS
i 5 . 5 Scenario Type Yield (100 Mt)
2 2 Baseline Grain 1.77
A SSP126 Grain 2.22
32N 32N SSP245 Grain 2.12
27N B e J SSP585 Grain 2.25
o i - i Baseline Forage 0.64
SSP126 Forage 0.54
o] P o] PaF SSP245 Forage 0.60
32°NtN 32°N1\
" < " SSP585 Forage 0.54
27°N 18 2N 13
22°N 22°N
Grain: 22.17 (100 Mt)
32°N{e 32°N{e
27N g o Forage: 0.5 (100Mt)
22°N 22°N o
o
100°E 110°E 120°E 100°E 110°E 120°E

— ] [ a
500 1000 1500 1000 2000 3000



4. Social and economic benefits

Xinyang

Chizhou

T-RR Jingzhou
Gaoan

Avg

Xinyang

Chizhou

FG-RR Jingzhou
Gaoan

Avg

2635.49143.24b
2908.3 +23.54a
2641.86+14.38b
2906.09+4.45a
2742.03£25.73A
2583.58 +29.61b
2895.38+31.75a
2637.49+10.48b
2884.84+0.03a
2738.31126.745A

5452.54 +258.58a
3992.56+183.53b
5152.594+166.95a
4415.65+66.56b
4863.81=138.09A
5420.74+159.51a
4696.1 =122.42b
4424.46+140.63b
3728.69 +82.43c
4707.551+114.83A

2817.05+235.04a
1084.26 +162.49b
2510.74+168.85a
1509.56 = 65.06b
2121.771148.40A
2837.16 +134.06a
1800.73 +125.31b
1786.96 +139.06b
843.85182.44c
1969.24 £125.44A

2.07£0.08a
1.37+0.05b
1.95+0.07a
1.524+0.02b
1.79+0.06A
2.1x0.04a
1.62+0.04b
1.68+0.05b
1.29+0.03¢c
1.731+0.05A

5.16+0.19a
3.4810.12b
4.8+0.17a
3.67%0.06b
4.4310.14B
6.9510.11a
5.610.24c
6.21+0.14b
5.03£0.17d
6.07£0.14A

T-RR: conventional ratoon rice; FG-RR: forage-grain ratoon rice

(Qi et al., Journal of Cleaner Produc%lson, 2024)



Energ output (Gj ha™)

Specific energy (GJ t")
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Energy use efficiency(GJ GJ™)

4. Social and economic benefits
PPl

50 - a
48 . a
464 ——
44 _
8-
a
6 - b T
4] —— 1
1
2 . .
T-RR FG-RR

T-RR: conventional ratoon rice; FG-RR: forage-grain ratoon rice system

—~ 250 - d
© HE
i 200 - b

5150 L
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(Qi et al., Journal of Cleaner Production, 2024)




4. Social and economic benefits

A B

Carbon footprint i N CH,I NOJ €O, | 16001 -

12000 § 12004
o
R b 8 10004 | |
o
10000 - L ;“_5 800 - b
8000 -
4001

T-RR FG-RR T-RR FG-RR T-RR FG-RR

GWP (kg CO; -eq ha™)

Significant reduction in greenhouse gas (GHG) emissions, GWP, and GWPi.

A B C
. H 250 25
Nitrogen footprint T ]
=~ .
;\200‘ a BEENO, INH N0 | 207
E T
=150+ " b o 15-
: = |l m
P4 o | F-—-1 b
2100 - <10+
: ==
50 gl =
0 T T " 0 T T
T-RR FG-RR T-RR FG-RR T-RR FG-RR
Reduced nitrogen runoff (NO;-, NH,*) and emissions (N,O, NH,), leading to decreased EP and Nrl.

25
(Qi et al., Journal of Cleaner Production, 2024)



4. Social and economic benefits
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4. Social and economic benefits
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4. Social and economic benefits

Xinyang, Henan Province

Gaoan, Jiangxi Province

Chizhou, Anhui Province Jingzhou, Hubei Province

Deyang, Sichuan Province
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4. Social and economic benefits
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Sichuan Province: Average 7.65 t/ha, Maximum 8.26 t/ha
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Thanks for your attention!

Guizhou University:

Prof. Quanzhi Zhao

Dr. Chang Zhen
University of Tasmanian:

Prof. Matthew Harrison

Prof. Meixue Zhou

Dr. Ke Liu
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