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A challenge facing the Andean Region (AR) is finding 
agricultural practices to raise incomes while enhancing 
the natural resource base. In poor areas of the AR in 
Ecuador farm sizes are small and shrinking, prompting 
farmers to intensify production with limited resources. 
Increased tillage and biomass removal for animal feed 
has accelerated erosion on these steeply sloping fields. 
Evidence of stress is found in the AR of Ecuador where 
our project has tested the concept of conservation 
agriculture production systems (CAPS) for smallholder 
farmers. 

Reducing tillage and increasing soil cover by including 
cover crops and leaving crop residues in the field will 
reduce erosion but decreases fodder for animals and 
may reduce yields. Such losses may be offset by 
increased nutrient cycling and potentially decreased 
need for fertilizers. 

Our project conducted multi-year cropping system 
experiments in two sub-watersheds in Ecuador: a 
pasture-potato system in the Illangama (3400 m), and a 
beans-maize system in the Alumbre (2000 m). All 
experiments included treatments involving tillage, crop 
residue management and fertilizer inputs. Here we 
report on yields, nutrient removal and uptake in these 
CAPS experiments. 

Introduction & Objectives 

 
 
 

 

 
• Two experiments in each watershed: Old and New 
• Crop rotation:  

Illangama - pasture, potato, oats/vetch cover, barley 
Alumbre – oats/vetch, beans, oats/vetch, maize 

• Tillage:  
Illangama - conventional (complete inversion), 
reduced (opening a furrow for planting).  
Alumbre - reduced tillage (opening a furrow for 
planting), zero tillage (planting stick to create seed 
opening only) 

• Residue management: all grain and tubers removed, 
remaining plant biomass and cover crop either left 
in field or removed. 

• Fertilizer: potato and beans received fertilizer, barley 
and maize grown with and without added N 
fertilizer 

• Grain, tuber,  and vegetative biomass yield 
measured for all crops 

• Nutrient content of grain, tubers, vegetative matter  
determined for most crops 

• Calculated  area based nutrient removal and 
nutrient uptake 

• Significance level of alpha=0.1 used to assess 
treatment effects 

  CAPS Experiment Descriptions 

 

 

 
 

 
 

  Alumbre Results 
 
 

 

 
 

Illangama Results 

 
 
 

 

 
• Reductions in tillage intensity resulted in decreased 

crop yield, primarily of crops early in the cropping 
cycle. The yield penalty from decreased tillage 
appears to diminish or even reverse with each crop in 
the cycle. 

• Leaving crop residues and cover crops in the field 
substantially decreased biomass and nutrient removal 
relative to removing residues. Leaving oats/vetch 
cover in the field increased barley yield and nutrient 
uptake, however residues did not compensate for 
decreased fertilizer inputs. 

• Leaving crop residues in the field compensated for the 
yield penalty associated with reduced tillage in barley. 

• Yield and nutrient uptake benefits of not removing 
crop residues did not appear until the third crop in the 
cycle. Given the substantial increase in biomass and 
nutrients recycled when residues are not removed, 
this benefit may increase with subsequent crop cycles. 
Longer term research is needed to test this possibility. 

  Conclusions 
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Reduced tillage decreased potato yield in the first crop cycle, 
had no effect on oats/vetch, and increased barley yield when 
no N fertilizer was applied.  Leaving residue in the field only 
increased barley yield when N fertilizer was applied. 
 

Removing crop residues resulted in a 3 – 5 fold increase in 
the amount of biomass and nutrients removed from the 
system, with the oats vetch cover accounting for most of the 
difference.  
 

Reduced tillage reduction of potato yield were reflected in 
decreased biomass production and N, P and K uptake. 
However the large increase in system nutrients from 
oats/vetch residue was not reflected in barley biomass 
production or nutrient uptake. 

Tillage and residue management did not affect potato yield 
in the first crop cycle, however no N fertilizer applied to 
potato decreased potato yield, as well as subsequent crops. 
An apparent barley yield reduction from reduced tillage was 
compensated for by leaving crop residue in the field. 

Removing crop residues resulted in a 3 – 5 fold increase in 
the amount of biomass and nutrients removed from the 
system, with the oats vetch cover accounting for most of the 
difference.  
 

Not applying N fertilizer to potato decreased N uptake of all 
crops and biomass production and P and K uptake of potato 
and barley. The decrease in barley biomass production and 
nutrient uptake from reduced tillage was offset by not 
removing oats/vetch residues.  
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In the Alumbre experiments tillage and residue management had very little effect on 
yields of beans or maize. No till bean yield was less than minimum till, but there was no 
tillage effect on maize yield. There was also no apparent residue management effect on 
bean or maize yield. It should be noted that oats/vetch biomass production was much less 
in Alumbre than it was in Illangama where residue did affect the subsequent crop. 

Evidence of accelerated erosion 
in the Alumbre sub-watershed 
due to tillage and lack of 
vegetative cover. 

Illangama experiment. Potato cycle (left) and oats/vetch cycle 
(above). Pasture and tilled potato production in the background. 


