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Why we are trying to intercrop alfalfa and maize

Intercropping can increase yield and efficiency, and improve soil quality

Grain yield: 1.5 t/ha                Efficiency: 28% fertilizer input Protein yield: 47% of intercropping system Soil organic matter: 9%-12%

Li et al, 2020 Nature Plant; Li et al, 2021 Nature sustainability; Li et al, 2022 PNAS 

Alfalfa Silage maize

Alfalfa // Maize

Legume  // Cereal

C3 // C4

¸ Shortage of forages

¸ Limited arable land
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Alfalfa -maize intercropping system ----higher productivity

Zhang et al, 2011 Field Crops Research; Sun et al, 2019,2020  Plant soil 

Higher system yield: maize    alfalfa

Å LER   1.0~1.6

Alfalfa

Maize

Increasing proportion of yield of intercropped maize and alfalfa relative 

to monoculture
Land equivalent ratio
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Alfalfa -maize intercropping system ----higher nutrient uptake

Higher system N and P uptake:  maize    alfalfa

Å Alfalfa is a stronger competitor for soil nutrients in intercropping system: luxury absorption

Stronger alfalfa root (taproot and lateral root); smaller maize root (crown roots)

Zhang et al, 2011 Field Crops Research; Sun et al, 2019,2020  Plant soil 

Alfalfa in 
intercropping

Maize in 
intercropping

P uptake of maize P uptake of alfalfa Maize crown root number
Dry weight of alfalfa 

lateral root 

Monoculture Intercropping
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Alfalfa to maize: 5.52% -10.49%α7-10 mg N/plant β

AMF is the main pathway

Xu et al, In prepararion

Bi-direction N transfer

The amount of N transfer from alfalfa is low 

Zhang et al, 2020  Plant soil

Hyphae density
Mycorrhizal 
colonization 
intensity

N transfer between alfalfa and maize

N transfer rate

Amount of nitrogen transfer
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Fertilizer use in alfalfa -maize intercropping
N application  can effectively enhance the nitrogen status of maize

The intercropping system requires an appropriate fertilizer management

Intercropping Monocropping
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Xu et al 2021, Field Crops Research

Nitrogen recovery efficiencyMaize DM yield Maize CP yield
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ü Two crops a year (winter wheat -

summer maize)

ü Precipitation χ500 mm, 

χ 60% in summer

ü Summer temperature χ 30 ᴈ

ü Alfalfa ӄШ4 cuts/year

The North China Plain(NCP)

Basic information on alfalfa -growing regions in China

ü One crop a year (wheat/maize)

ü Precipitation υ500 mm, χ 60% in summer

ü Alfalfa 2-4 cuts/year

Northern China

Å Difficult to dry and harvest (up to 30% losses)

Å Heavy pests and diseases  (30%-50% price reductionβ

Å Summer slump α<40% yieldβ

Å Waste of heat and rainfall (70%)

One crop a year Two crops a year

More than one crop a year but two crops is not enough

Fully mechanized high-yield alfalfa and maize intercropping system
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Å Alfalfa production

Alfalfa -maize relay intercropping in the North China Plain

Springτdry season Summer τrainy season 

The North China Plain(NCP)

2-3 crops a year

Å Autumn: mixed harvesting and ensiling

Å Maize production
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Alfalfa -maize relay intercropping in the North China Plain

No-till maize planting into alfalfa Co-growth period Harvesting



WAC ///  SESSION TITLE ///  FROM 03 TO 06 NOVEMBER 2025

Interspecific competition between alfalfa and maize

Lower the density of maize in intercropping (<60000 plant/ha)

Mono -alfalfa 45000 plant/ha

30%-55% reduction ofalfalfa plants

60000 plant/ha

!ƭŦŀƭŦŀ ǊŜƎǊƻǿǘƘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎǇǊƛƴƎ 

The regrowth and productivity of alfalfa in 
ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎǇǊƛƴƎ ǊŜƳŀƛƴŜŘ ǳƴŀŦŦŜŎǘŜŘ
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Items Intercropping 100% silage maize

The proportion of alfalfa % 8 0

CP g/kg DM 79.31 67.01

WSC g/kg DM 30.16 15.20

LA g/kg DM 53.41 48.42

pH 3.72 3.71

NH3-N g/kg TN 52.17 47.42

Xu et al, 2021, Agriculture JialiangGeng 2023

18%

98%

10%

Quality of mixed silage improved vs. 100% maize silage

5~10 cm low stubble is feasible αno excess mycotoxin

Quality of alfalfa -maize mixed silage
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Benefits of alfalfa -maize relay intercropping 

Sole alfalfa

Wheat-maize

Sole maize

Intercropping

Wheat-maize

Sole maize

Intercropping

Yield-scaled N fertilizer use: 57% lower vs. wheat-maize

Yield-scaled irrigation water use: 48% lower vs. wheat-maize

High land use efficiency
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Intercropping Alfalfa monoculture Maize monoculture

4-yr averaged DM yield  in 
intercropping and monoculture (t/ha)

Alfalfa yield in spring Alfalfa yield in summer Silage maize

LERalfalfa=0.5
LERmaize=0.79
LER=1.29
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Å High productivity: high-density maize in maize stripe

Å Alfalfa and maize are harvesting and processing  separately

Alfalfa -maize strip intercropping in Northern China

Northern China 

1 crop a year

10 cm

Alfalfa strip  270 cm

330 cm

maize: 40%alfalfa: 60%Actual Land Proportion

maize: 66%alfalfa: 34%Relative Land Proportion
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Alfalfa -maize strip intercropping in Northern China

No-till maize planting into alfalfa Co-growth period Harvesting

Laying drip tapes while maize sowing
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Fertigation system of alfalfa and maize intercropping

Disc filter

Drip tape{ǇǊŀȅ ǘŀǇŜ

Media filter (gravel or sand)

Remote control

Electric 
Valve 
Control 
System

Variable 
Frequency 
Control 
Cabinet

Fertigation Equipment

Pump

!ǳǘƻƳŀǘŜŘ CŜǊǘƛƎŀǘƛƻƴ /ƻƴǘǊƻƭ {ȅǎǘŜƳ

Maize: subsurface drip irrigation (shallow~5 cm)

Alfalfa: micro-spray irrigation

Based on the specific water and nutrient requirements of maize and alfalfa
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Fertigation system of alfalfa and maize strip intercropping

Electric valve with solar energy 

Subsurface (shallow) drip irrigation

[ŀȅƛƴƎ ǎǇǊŀȅ ǘŀǇŜǎ ǿƘƛƭŜ ŀƭŦŀƭŦŀ ǎƻǿƛƴƎ

Counter-Directional Micro-{ǇǊŀȅRemote control APP


