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makes efficient use of 
on-farm resources

minimally uses non-
renewable inputs and the 

external inputs
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external inputs

future societal needs for 
ecosystem services, food, 

and healthy lives
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Sole crop



Effect of intercropping and sole crop on yield and its
components, bioactive compounds and nutrient use efficiency
of fenugreek and buckwheat.

The response of sole crop and intercropping of fenugreek –
buckwheat to nitrogen source (organic, chemical, integrated)
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buckwheat to nitrogen source (organic, chemical, integrated)

Effect of organic manure and chemical fertilizer on soil CO2 
fluxes in  sole crop and intercropping (fenugreek – buckwheat ).  

Relationship between soil CO2 fluxes and dry matter accumulation
of fenugreek and buckwheat in sole crop and intercropping.



� Dry weight and number of rhizobium nodules in fenugreek root

� Above ground dry matter (AGDM) at flowering stage

� Dry matter accumulation 

� Nitrogen (N) and phosphorus (P) concentration and uptake (at 

flowering stage and maturity)

� Micro nutrient concentration and uptake in the seeds (Fe, Zn, Mn
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� Micro nutrient concentration and uptake in the seeds (Fe, Zn, Mn

and Cu)

� Applied N and P use efficiency (ANUE and APUE)

� Applied N and P recovery efficiency (ANRE and APRE)

� Land equivalent ratio (LER) for AGDM (LER-AGDM), N-LER and P-

LER (in both AGDM and seeds)

� Photosynthesis pigments 

� Canopy radiation interception and  radiation use efficiency (RUE)

� Growth characteristics (CGR, RGR and etc.)



� Soil temperature and soil water content

� Soil CO2 flux

� Yield, yield components and harvest index 

� Leaf area index (LAI)
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� Leaf area index (LAI)

� Hectoliter weight 

� Protein and bioactive compounds (Antioxidant activity, TFC, TPC, rutin, 

trogonelline and etc.

� Residual nutrients in soil (after the harvest of intercropping) 

� Quantity and quality parameters of Wheat
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Experimental 
design 

1: The first experiment 
(Intercropping)

2: The second experiment 
(Crop Rotation)

Materials and 
methods
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2014 & 2015

A two-factorial experiment in

randomized complete block design
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The amount of CO2 evolved from the soil was determined

by back-titrating the alkali with 0.25 N HCl after

precipitating the carbonate with BaCl2 solution (Alef and

Nannipieri, 1995).

The CO2 evolution was expressed as mg CO2-C m−2 soil.
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Soil CO2 flux- CF
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CO2 flux- IF
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CO2 flux- BL
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CO2 flux- BL

At the early growth: Higher Soil CO2 flux was observed with CF: available N 

in urea 

Lower Soil CO2 flux with organic manure at the early stages and higher at 

later: slow and  gradual release of nutrients

The highest CO2 flux after organic amendment over the non-amended 
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The highest CO2 flux after organic amendment over the non-amended 

treatment can be attributed to the combined effects of available C

substrate, soil temperature, moisture regimes and higher microbial activity, 

and other essential nutrients (P and N) for

soil microorganisms available
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Cumulative soil CO2- CF
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Cumulative soil CO2- IF
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Cumulative soil CO2- BL
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2014

2015

IR>Sole:  25% (2014) & 20% (2015)

Sole F> Sole B , F:B (2:1): 1.31 g/MJ (2014)& 1.41 G/MJ (2015)

BL>CF: 12% (2014) & 17% (2015)





Antioxidant activity 
2015 2014

12%
13%

17%
33%

30%

85%

20%

34%

44%
34%



Cumulative soil CO2- IF

�In overall, this study showed a potential

benefit of intercropping for production of

fenugreek (legume) and buckwheat (non-
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fenugreek (legume) and buckwheat (non-

legume) medicinal plants under application of

organic fertilizers (IF and BL), which proved to

be a suitable alternative for chemical

fertilizers.



Cumulative soil CO2- IF

• Therefore, the strategy of intercropping and organic fertilizers
application, in addition

• to increase of quantity and quality of fenugreek and buckwheat
medicinal plants,

• increasing of fertilizer efficiency,
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• increasing of fertilizer efficiency,

• reducing nutrient losses from the soil,

• producing healthy food,

• improving human health,

• reducing the environmental risks and reducing the effects of
climate change

• can successfully contribute to improving the quantity and quality of
the subsequent crops in a rotation and decrease chemical fertilizer
requirement as well.







For determination of soil respiration (CO2 production),

• three 1.8 l plastic jars were randomly inserted 3 cm

into

• the surface soil of the rows in each plot.

• The jars had an open bottom and sealed top and were

left in the soil for the course of the study.

• For collection and determination of CO2 absorption,

each jar contained a plastic vial containing 20 ml 1 Meach jar contained a plastic vial containing 20 ml 1 M

NaOH.

The rate of CO2 evolved was measured from the soil

using 0.25 N HCl after precipitating the carbonate with

a BaCl2 solution by back-titrating the alkali (Alef and

Nannipieri, 1995). CO2 evolution was expressed as mg

CO2-C m-2 soil.




