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Environment, yield and yield environment

Environment
The complex of physical, chemical, and biotic factors that act upon an organism or an ecological 

community and ultimately determine its form and survival.

In agronomical terms, it refers to the combination of soil, weather, and agronomical practices acting on a 

crop.

Yield
Grain or agricultural products per unit area (t ha-1 or kg ha-1)

Yield captures the effect of all interacting factors of the environment.

Yield environment
The level of yield reached in a given environment.

Environment

Yield

Soil Weather Agronomical practices

Building and protecting yield factors



Each Yield level reflects the 

environment

Over a región (or even within 

the same field!), actual yield 

(Ya) varies according to the 

combination of 

limiting/reducing factors, i.e. as 

a function of the environment.

Such limiting/reducing factors 

can be totally or partially 

reverted through a 

"building/protecting yield" 

management

Building yield management

Protecting yield management

Yield environment
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A conceptual framework to study yield affecting factors 

Photoperiod in R3-R6

Van Itersum et al., 2013



Yield level
Can be expressed at different spatial levels, i.e. 

zones within a field, field, farm, area, country, 

global

Yield potential
Can be obtained from:

(1) field experiments, 

(2) yield contests, 

(3) maximum farmer yields based on surveys 

(4) crop model simulations.

A conceptual framework to study yield gaps

Van Itersum et al., 2013



What do we know about yield environments in Argentina?

Bolsa de cereales de Buenos Aires, 2021 Bolsa de cereales de Buenos Aires, 2021

RECSO, 2021. INTA/ASA

Maturity groups: From II to VII

Sowing dates: From Aug to Jan-Feb



What do we know about yield environments in Argentina?

No-till use

% of cropped area

Sowing density

kg seed ha-1
Bt use

% of cropped area

ReTAA 48. Bolsa de Cereales de Buenos Aires



What do we know about yield environments in Argentina?

Average P rate

kg P ha-1

Partial P balance

kg P ha-1

Grassini y Monzon, 2021

ReTAA 49. Bolsa de Cereales de Buenos Aires



What do we know about yield environments in Argentina?

Yield with different technology 

use levels

t ha-1

P rate in different technology

use levels

kg ha-1

Partial P balance in different 

technology use levels

kg ha-1

Grassini y Monzon, 2021

ReTAA 49. Bolsa de Cereales de Buenos Aires



What do we know about yield environments in Argentina?

Recent trends in cropped area

Soybean is sowed as a sole crop in the year or as a 2nd crop after a winter crop

2nd crop

2015-2021 Δ +1,6 M ha (+42%)

From 3.8 to 5.4 M ha

Sole crop

2015-2021 Δ – 5,5 M ha (-33%)

From 16.8 to 11,3 M ha

2015-2021

From 18 to 32 %

From database of Estimaciones Agrícolas

Ministerio de Agrícultura, Ganaderia y Pesca

https://datosestimaciones.magyp.gob.ar/



What do we know about yield environments in Argentina?

Recent trends in yield

Not significant increases in the last 10 yr

Average Max Min

2200 2750 1580

2870 3560 1960

From data of Estimaciones Agrícolas

Ministerio de Agrícultura, Ganaderia y Pesca

https://datosestimaciones.magyp.gob.ar/



What do we know about yield gaps in Argentina?

Estimated yield gap in Argentina (2005/06–2011/12)

Aramburu Merlos et al., 2015

www.yieldgap.org

Yields are weighted values, aggregating data for sole- and 2nd-crop



What do we know about the causes of yield gaps in Argentina?

Vitantonio-Mazzini et al., 2020

With water table

Without water table

Sole crop



What do we know about the causes of yield gaps in Argentina?

Madias et al., 2021

Sole- and 2nd-crop



What do we know about the causes of yield gaps in Argentina?

Cereal Proportion in crop sequences

Soybean yield in crop sequences varying in cereal proportion

Selected Macro Regions CREA

Emilio Satorre, 2021

Sole crop
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A conceptual framework to study yield affecting factors 

Soil biological and 

physical “fertility” as 

building yield 

management

Van Itersum et al., 2013

Photoperiod in R3-R6



What do we know about the causes of yield gaps in Argentina?

Di Mauro et al., 2018

2nd crop



What do we know about yield gaps in Argentina?

The estimated yield gap for soybean in Argentina is ca. 1260 kg ha-1 (32%)

The yield gap tends to be higher when water becomes a not a limiting factor 

The slow rate of progress in actual yields is associated with the growing area of soybean as 2nd crop

Sowing date, genotype choice, soil P, and water table are the most important drivers of actual yields of 

soybean as a sole crop. Fungicide use, P fertilization and sowing date are for 2nd crop.

Other agronomical practices out of the soybean growing season such as crop rotation, balanced 

fertilization, and soil management also appear as important

Given the growing area of soybean as a 2nd crop, it is becoming important to develop further research 

toward closing their gap

What can we do to close the current yield gap? High input use? Close the nutrient gap? Other?



Yield increase as affected by high input use 

Negligible impact when Yg<20%

What can we do to close the current yield gap?

High input treatments included:

Higher Fertilizer rated (sometimes N)

Micronutrients (seed and foliar)

Biostimulants (PGPR, etc)

“Stress-reducing” products 

Hormones

Fungicides and insecticides+10%

Di Mauro et al., 2022



Closing the nutrient gap
A wide net of experiments for maize (n=44), wheat (n=50), and soybean (117)

Two treatments: FARM (farmer current practices) and NUT (increased fertilizer rate)

Δ + 13%

Equivalent to closing

the exploitable gap

Monzon, Grssini et al., in preparation



“Hidden” insights from Yield Gap Atlas

Yield gap and other particular gaps

Nutrient gap

Water productivity (WP) gap?
WP=           Y (kg ha-1)

Water Supply (mm)

Water Supply: Soil water at sowing + rainfall

Yield Gap Atlas, yieldgap.org



Some highlights and questions on Water Productivity
WP tends to increase with increments in yield but at a decreasing rate, i.e. not in a linear way 

Maximum attainable WP is ca. 12-13 kg ha-1 mm-1

From database of Yield Gap Atlas, 

yieldgap.org



Some highlights and questions on Water Productivity

Even for only-water-limited environments, there are substantial differences in WPw for a given level 

of water supply

WPw is not a constant value across water supply 

levels, even in maximum values for each water 

supply level

For water supply < 400mm, maximum values of 

WPa are similar to WPw, both related to water 

supply. VPD? Water stress?

For water supply > 400mm, WPa decreases 

leading to an increase in the WP gap

Yw=400 * 2.3 kg ha-1mm-1

Yw= 920 kg ha-1

Genetics?

Water Balance components?

All causes of Yg?

Yw=400 * 8,2 kg ha-1mm-1

Yw= 3280 kg ha-1

From database of Yield Gap Atlas, 

yieldgap.org

WP=           Y (kg ha-1)

Water Supply (mm)

Water Supply: Soil water at sowing + rainfall



Some highlights and questions on Water Productivity

For a given yield gap, WPa can vary more than two-fold

Improving WP can lead to a trajectory oriented to closing the gap

with the same water supply

In general, high water supply

Water Balance components?

In general, low water supply

Causes of Yg?

From database of Yield Gap Atlas, 

yieldgap.org



Need to benchmark water productivity (WP) to study 
their gap under field conditions

Approaches based on crop simulation models (as in yield gap atlas), field experiments, 
benchmarks derived from field/area databases
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Benchmarking WP from the database

of yield gap atlas for Argentina

WPw= 13.5 kg ha-1 mm-1

French & Schultz Rockstrom

From database of Yield Gap Atlas, 

yieldgap.org



Benchmarking WP from a database of 

Inner Pampas Region

Horacio Videla Mensegue

Octavio Caviglia

Mariano Córdoba

Victor Sadras

In progress

WPw= 18.4 kg ha-1 mm-1

Water lossses 253mm

WPw= 15.5 kg ha-1 mm-1

French & Schultz Rockstrom

n=3700 
n=3700 



WP gap in the Inner Pampas Region

French & Schultz Rockstrom

Horacio Videla Mensegue

Octavio Caviglia

Mariano Córdoba

Victor Sadras

In progress



French & Schultz Rockstrom

ENSO phase Rainfall (pre-sowing)

Soil water at sowing Sowing date

Rainfall (pre-sowing + 

growing season)

Soil water at sowing

Rainfall (pre-sowing) ENSO phase 

Water table Zone

Water Supply Water table

Zone Maturity group

Random Forest Analysis

Causes of WP gap in the Inner Pampas Region

Horacio Videla Mensegue

Octavio Caviglia

Mariano Córdoba

Victor Sadras

In progress

PRELIMINAR RESULTS



Concluding remarks

The yield gap in Argentina is, on average, medium to short, although it strongly varies depending on 

the zones

“High-input” management seems to have only a low-moderate impact to close the gap, mainly when 

the gap is short

The causes of the yield gap are similar to that reported in other regions (MG, sowing date, fungicides, 

P fertilization). Some results suggest that other building yield factors, e.g. “soil quality”, can also be 

important. 

Given the growing expansion of soybean as a 2nd crop, it is relevant to intensify research on their gap

Studying particular gaps, such as nutrient and water productivity gaps, may strongly improve our 

understanding of the causes of yield gap

Proper benchmarking of WP can be an important step in disentangling the causes of the yield gap



Muito obrigado!!!!

Octavio Caviglia
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