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Executive summary
Soybean (Glycine max (L.) Merrill) is one of the most valuable crops in the world,
due to its multiple uses as a source of livestock and aquaculture feed, protein and oil for
the human diet and biofuel. Among grain crops, soybean is the fourth largest in area and
production in the world, after maize, wheat and rice.
Soybean removes large amounts of nutrients from the soil, and generally receives
low rates of fertilizer. Improved nutrient management may improve soybean yields and
thereby help close the yield gap between current and attainable yields. It is recognized
that nutrient management responses strongly interact with crop management practices.
The objective of WG08-Soybean Systems is to increase soybean systems yield through
nutrient stewardship and responsible crop management to achieve improved economic,
social, and environmental sustainability.
Different strategies have been proposed for the different regions involved in the WG:
ü Looking for potential yield: what are the restrictions/boundaries?
ü Potential yield according to model simulation
ü Crop management for closing the gap between current and attainable yields
ü How much N would come from BNF? Do we need extra N for high yield?
ü Soybean response to N fertilization of the system in high intensive systems?
ü Recalibration of soil tests (P, K)? Foliar tests?
ü Current nutrient requirements and removal coefficients, are they right?
Two different growing scenarios were recognized from the participants’
descriptions:
ü High yielding regions/countries: US, Brazil, Argentina
ü New regions/countries: Russia, India, China, Africa
A Tactical Plan for the WG has been developed, matching the IPNI Global Tactical
Plan and the Global Plan responses, including issues or desired outcomes, and strategies
for the different WG themes.
Main activities of the IPNI Soybean Systems Workgroup (WG08) carried out
between 2013 and 2015 include:
• Field activities at the different regions/countries looking to close the yield gap
between current and attainable soybean yields. Over 220 field trials across the
globe have looked into: the evaluation of nutrient responses at Sub-Saharan
Africa (SSA) (2 trials) and central and Southern Russia (10 trials); the calibration
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and validation of expert systems such as Nutrient Expert at China (23 trials) and
South Asia (183 trials); and the interaction of crop and nutrient management in
the US (1 trial), Brazil (2 trials), and Argentina (1 trial).
A special issue, and task for the WG, is to update the contribution of biological N
fixation (BNF) in soybean nutrition and to the N balance in the cropping systems.
A review paper is being prepared, and a series of field studies would be
established.
Peer-review papers have been released: one by the China staff on the calibration
of Nutrient Expert for soybean, and two by the SSA staff on the effect of fertilizer,
manure and lime application on N-fixation potential, yield and economics of
soybean grown in soils of different fertility in Western Kenya.
The research activities of the WG have involved partnering with many research,
technical and farmer`s institutions, and involved the participation of many
researchers as well as graduate students. Over 15 institutions involved
worldwide.
Extension activities included the adaptation of existing extension materials on
nutrient management for soybeans in SSA, South Asia, and Russia; round-tables
and workshops at Russia, China, and Argentina; and presentation of results at
several scientific and technical meetings in all the regions. More than 20
meetings and presentations were carried over the last couple years.
Expected deliverables for the second part of the project include the release of BC
articles, peer-review publications on the results of the field projects, a review
paper on BNF, presentations of results at regional and international workshops
and meetings, and the continuous update of the soybean portal.
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1. Introduction
Soybean (Glycine max (L.) Merrill) is one of the most valuable crops in the world,
due to its multiple uses as a source of livestock and aquaculture feed, protein and oil for
the human diet and biofuel. As vegetable oil, soybean is second to oil palm (Fig. 1).
Among grain crops, soybean is the fourth largest in area and production, after maize,
wheat and rice (Fig. 2). Besides producing valuable grain, soybean fixes between 44 and
300 kg N ha-1 which makes a significant N contribution to the cropping systems
(Salvagiotti et al., 2008).

Soybean
28.3%

Rapeseed
15.4%
Sunflower
8.6%
Cotton
3.5%
Peanut
3.5%

Palm
32.9%

Olive
2.0%

Palm kernel
Coconut 3.4%
2.6%

Fig. 1. World vegetable oil consumption, 2011. Source: USDA.
The world soybean production was approximately 265 million t in an area of 103
million ha in 2010-11. Although global production has been on the rise, +4.67 million t
per year since 1961 (Fig. 3), it is estimated that the demand will continue to grow in the
next decade exceeding current supply by 40 million t.
The US, Brazil, and Argentina lead world soybean production with approximately
80% of the total production on 70% of the total area (Table 1). Other important
soybean producers are India, China, Paraguay, Canada, Bolivia, Ukraine, the Russian
Federation, and Uruguay. These 11 countries account for 97% of the world production
on approximately 96% of the total area.
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Fig. 2. World area and production of the main grain crops. Source: FAOSTAT.
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Fig. 3. World production, harvested area, and grain yield of soybean from 1961 to
2014. Source: FAOSTAT.
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Table 1. Area, production and grain yield of the main producers of soybean in 2010.
Source: FAOSTAT.
Area
Production
Yield
Country
(ha)
(t)
(kg/ha)
United States of America
31,003,300
90,605,456
2,922
Brazil
23,327,296
68,756,343
2,947
Argentina
18,130,800
52,675,464
2,905
India
9,554,190
12,736,000
1,333
China
8,516,000
15,083,000
1,771
Paraguay
2,671,059
7,460,435
2,793
Canada
1,476,800
4,345,300
2,942
Bolivia
1,086,769
1,693,048
1,558
Ukraine
1,036,700
1,680,200
1,621
Russian Federation
1,036,300
1,222,370
1,180
Uruguay
848,800
1,793,000
2,112
Indonesia
660,823
907,031
1,373
South Africa
311,450
566,000
1,817
D. P. Republic of Korea
300,000
350,000
1,167
Nigeria
281,890
365,080
1,295
Viet Nam
197,800
298,600
1,510
Serbia
170,359
540,859
3,175
Myanmar
165,000
257,814
1,563
Italy
159,500
552,500
3,464
Mexico
153,473
167,665
1,092
Uganda
150,000
181,440
1,210
Japan
137,700
222,500
1,616
Cambodia
103,198
156,589
1,517
Rest of the world
1,314,222
2,297,730
1,748
Total
102,793,429
264,914,424
2,577
World average grain yields varied between 2.3 and 2.6 t/ha in 2010-14 (Fig. 3 and
4), and are largely determined by the three leading producing countries (US, Brazil, and
Argentina). China, India, Russian Federation, and Africa averaged yields below 2 t/ha.
The trend of grain yields in the last 53 years shows a rate of increase of +1.6% per year
(Table 2). This rate was higher in the period 1961-1999 (+1.7%), and it has decreased
from 2000 (+1.3%). This trend was evident in most of the producing areas, except in the
US and the Russian Federation, with lower yield increases in the last 15 years.
The global rate of yield increase of 1.3% for the period 2000-2014 is well below the
target of 2.4% as needed to double crop production by 2050 in order to meet the
demand of 9 billion people (Ray et al., 2013). In terms of kg/ha/year, yield increases
went from 27 kg/ha/year in 1961-1999 to 21.5 kg/ha/year in 2000-2014, a decrease of
71% in the rate of yield gain.
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Fig. 4. Trend of soybean grain yields in the world and the producing
region/countries of IPNI programs. Elaborated from FAOSTAT.
Table 2. Annual rate of grain yield increase in the world and the producing
region/countries of IPNI programs. Elaborated from FAOSTAT.
Annual Rate of Grain Yield Increase
Region/Country

1961-2014

1961-1999

2000-2014

----- % ----World

1.6

1.7

1.3

Africa

2.3

2.6

1.3

Argentina

2.0

2.4

1.2

Brazil

1.7

1.9

1.2

China

2.0

2.7

0.6

India

1.4

2.4

1.1

Russian Federation

2.4

0.7

2.0

US

1.2

1.0

1.5
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1.1. Nutrient uptake, removal and supply by soybean
Soybean requires larger amounts of nutrients per unit of yield than cereals and
other field crops (Table 3). Most of the N needs are supplied by biological N fixation
(BNF) through symbiosis with Bradyrrizobium sp. (Salvagiotti et al., 2008). These
bacteria are usually inoculated in the seeds and develop nodules in the plant roots.
Supply of N through BNF maximizes at the reproductive stages. All other nutrients are
supplied by the soil and/or through the application of fertilizers and/or amendments.
Table 3. Nutrient uptake, nutrient harvest index, and nutrient removal for soybeans.
Data expressed in dry basis. Source: IPNI (2016).
Nutrient

Uptake

kg/ton
N
75
#
P
6.6
K#
39
Ca
16
Mg
9
S
4.5
B
0.025
Cl
0.237
Cu
0.025
Fe
0.300
Mn
0.150
Mo
0.005
Zn
0.06
# P and K are expressed as elemental nutrients.

Harvest index

Removal

0.80
0.80

kg/ton
60
5.3

0.49
0.19
0.39
0.72
0.31
0.47
0.53
0.25
0.33
0.85
0.70

19
3.0
3.5
3.2
0.008
0.111
0.013
0.075
0.050
0.004
0.042

1.2. Fertilizer use on soybean
Soybean accounts for 3.9% of the world N+P2O5+K2O consumption, 0.9%, 7.9% and
9.0% for N, P2O5, and K2O, respectively (Heffer, 2013, Table 4). In Brazil and Argentina,
soybean accounts for 28-32% of the total N+P2O5+K2O consumption. In US, soybean
accounts for 5.7% of total consumption, but it should be noted that P and K applications
are frequently made to crops preceding soybean, mainly maize. In China, India and
Russia, soybean fertilizer use accounts for only 1.0-1.8% of total consumption.
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Table 4. Fertilizer use in soybean in the world and selected regions. Data for
2010/11. Source: Heffer (2013).
Region/Country
N
P2O5
K2 O
----- thousand t ----World

1000

3200

2500

Argentina

116

286

3

Brazil

114

1624

1558

China

293

411

78

India

232

258

7

Russian Federation

10

11

3

US

93

360

679

Rest of the World

142

250

172

Considering the area in soybean production for the different regions, Table 5 shows
an estimated average fertilizer rate. China and India show the highest estimated rates of
applied N. For Brazil and Argentina, where seed inoculation with Rhizobia is widely
adopted, and for the US, where N fertilization is not recommended, estimated fertilizer
N use is essentially nil. Fertilization with P and K rate estimates are the highest in Brazil,
while rates are very low in Russia and Argentina.
Table 5. Average nutrient application rates in soybean in the world and the
producing region/countries of IPNI programs. Data for 2010/11. Elaborated from
Heffer (2013) and FAOSTAT.
Average rates
Region/Country

N

P2O5

K2O

----- kg/ha ----World

10

31

24

Argentina

6

16

0

Brazil

5

70

67

China

34

48

9

India

24

27

1

Russian Federation

10

11

3

US

3

12

22

Rest of the World

13

22

15

A preliminary estimation of partial nutrient balances (PNB, removal to application
ratio) for N, P, and K in the 2010/11 cropping year, shows almost full replenishment of
P at the global level but with huge differences among countries/regions, with the US and
10
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Argentina removing twice as much as applied, and Brazil and China doubling the
application of P removal (Table 6). A special consideration regarding the US is that a
large proportion of P for soybeans is applied in the preceding maize crop. Regarding K,
except for Brazil, removal largely exceeds application with negative nutrient balances
that range from -17.0 to -47.5 kg K/ha.
In the case of N, these estimations account for 60% of the N uptake supplied through
BNF (Salvagiotti et al., 2008). Despite this supply, PNB for N are largely negative for US,
Brazil, and Argentina, and even for the World average. The actual supply of N through
BNF is under discussion, and further study and quantification of this process is needed,
especially considering its importance for and impact on local and global N cycles.
Table 6. Estimation of partial nutrient balances as removal to application ratio and
as application minus removal in soybean in the world and the producing
region/countries of IPNI programs. Data for 2010/11. Elaborated from Heffer (2013),
FAOSTAT, and IPNI (2016).
Partial nutrient balance
Removal to application ratio
Application - Removal
Region/Country

N#

P##

K##

kg nutrient removed/kg nutrient
applied

N#

P##

K##

kg/ha nutrient applied – kg/ha
nutrient removed

World

3.3

0.9

2.1

-23.4

1.7

-22.5

Argentina

6.3

1.9

119.8

-31.7

-6.4

-47.5

Brazil

7.6

0.4

0.9

-33.2

17.0

7.2

China

0.7

0.4

3.9

11.0

12.8

-21.7

India

0.7

0.5

26.4

6.7

5.7

-21.2

Russian Federation

1.5

1.1

7.8

-5.3

-0.6

-17.0

US

12.6

2.6

2.6

-34.9

-8.2

-29.9

Rest of the World
2.1
1.0
2.8
-14.5
-0.2
-22.5
removed was estimated as ((Gran yield*Grain N concentration) – (%BNF*Total N
uptake)). Grain yield is shown in Table 1 (in commercial moisture basis); grain N
concentration in a 13.5% moisture content basis is of 5.19%; total N uptake is of 64.9 kg N
per ton of grain (at commercial moisture concentration); and %BNF is a factor of 0.60 as
a contribution of 60% of the total N uptake is supplied through BNF according to
Salvagiotti et al. (2008).
## P and K are expressed as elemental nutrients.
#N
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1.3. Soybean cropping systems across IPNI regions
1.3.1. Africa
With current crop yields estimated at less than 30% of actual potential and only
about 7% of favorable land allocated to soybeans, Sub-Saharan Africa (SSA) presents a
great opportunity for closing the global demand-supply gap (Masuda and Goldsmith,
2009; Hartman et al., 2011). A large regional market exists for whole and a range of
processed soybean products.
Production of soybean in Africa faces several challenges and opportunities:
i.
Agricultural advisory services - At present, the extension staff-farmer ratio
in most African countries is lower than 1:1000 against the international
recommendation of 1:400. Furthermore, even the skills of most of the
existing extension workers are outdated as a result of limited in-service
training. Being a new crop, soybean needs to be supported with good
extension, for farmers to understand its agronomy, production and market
potential. To optimize returns from soybeans there is therefore a need for
enactment of policies to enhance training and participation of private sector
and other players such as agro-dealers in providing extension services and
support for post-harvest handling and marketing. Greater knowledge
penetration into rural areas could be achieved through innovative extension
mechanisms such as the use of radio and mobile phones in dissemination of
agronomic knowledge and market information.
ii.
Access to inputs - Improved soybean production requires use of high quality
seeds and fertilizers. Due to financial, institutional and infrastructural
challenges, majority of smallholder farmers in SSA are unable to access
quality sufficient inputs. This has been attributed to many factors including
the fact that seed production by parastatals does not meet the demand for
grain legumes seed, partly because priority is given to seeds of cereals (Niels
et al., 2012). Fertilizers on the other hand are often not locally available in
sufficient quantities and are unaffordable to majority of the smallholder
farmers.
iii.
Input financing - Farm level fertilizer prices in Africa are among the highest
in the world. At a cost of between US$ 800 and US$ 1000 per ton, they are not
affordable to majority of smallholder farmers (AGRA & IIRR, 2014). To afford
quality and sufficient seeds and fertilizers, these farmers have to be
supported through innovative input financing mechanisms that links them to
affordable input credit.
iv.
Linking farmers to output markets - As direct consumption of soybean
among majority of producing households is less than 5% (Chianu et al.,
2007), increased investment in soybean production can only be driven by
availability of attractive markets for surplus. The demand and market value
of soybean is high, but often farmers have no access to the existing profitable
markets. Some of the strategies that could be employed for increasing
soybean production and associated profits include development of
appropriate price control policies, establishment of farmer groups for
bulking produce, value addition and ensuring advance access to market
information.
12
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A number of recent studies have attributed low soybean yields in SSA to poor
yielding varieties, limited application of fertilizers and limited utilization of rhizobia
inoculants in soils with no history of soybean production (Woomer et al., 2012) (Fig. 5).
Important measures for boosting soybean yields include; adoption of high yielding seed
varieties, soil fertility management, pest/disease control, observing the most
appropriate planting time. The yields of soybean in most parts of Africa can increase
from 0.5 to 2.5 t/ha if the recommended steps are followed during their production. In
most cases when soybean yields exceed 1.2 t/ha, farmers are likely to make profits but
at less than 0.7 t/ha farmers may not be able to recoup the cost of production.

Fig. 5. Farmer training on growth of soybeans and N fixation in root nodules in Rwanda,
2012.
As soybean market value is good, application of little fertilizer like 20 kg P/ha,
starter nitrogen and inoculant is often profitable even with conservative yield
increment of 0.5 t/ha. Recent studies have indicated that P is the most important
element in soybean production. In the recent AGRA funded trials, soybean yields under
farmer practice (uninoculated soybean seeds planted without fertilizer) averaged
between 0.3 and 0.8 t/ha across six countries in SSA. The main constraints were low soil
P levels and lack of indigenous strains of rhizobia. By application of 20 kg P/ha, soybean
yields were boosted by between 70 and 120% in all the fields (Fig. 6).
In summary, there are opportunities for boosting soybean production in SSA to
ensure enhanced food/nutrition security and household incomes. Improved production
requires use of good quality seeds, fertilizers, inoculum and appropriate advisory
services. Achieving high soybean yields in SSA will require supporting farmers by
improving availability of inputs (fertilizer and seeds), input financing and access to
remunerative output markets.
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Fig 6. Soybean yield trend with and without P fertilization and inoculation for an
average of three seasons for the period between 2010 and 2012 (adapted from AGRA
database)
1.3.2. Argentina and the Southern Cone
Soybean is the most important field crop in Argentina, Bolivia, Paraguay and
Uruguay. Total production for the Southern Cone region was of 64 million tons in an
area of 25 million ha in 2013 (Fig. 7). Argentina is the leading producer in the region
with 77% of the total production in 78% of the area. In the last 20 years, grain yields
increased in Uruguay at an annual rate of 2.9% but only by 1.1% in Argentina and 0.7%
in Paraguay, and even decreased by 0.8% per year in Bolivia.
In general, soybean cropped area has expanded at the expense of other crops and
through land use change, especially since mid 90´s with the release of glyphosatetolerant (GT) soybean varieties and the unprecedented expansion of NT (Wingeyer et
al., 2015). Currently, NT is being used on 70% to 90% of the grain crop area in
Argentina, Bolivia, Paraguay, and Uruguay. These conditions resulted in soybeandominated cropping systems in most of the region. The driver for this expansion was
neither agronomic nor technically based, but simply economic because of the higher
price of soybean when compared to other grain crops (Wingeyer et al., 2015).
Argentina produces 107 million tons of grains (49% soybean, 29% maize, and 9%
wheat) on 33 million ha (54% soybeans, 17% maize, and 11% wheat) of cultivated area.
Most of the soybean production is processed locally and exported overseas as oil, meals
and expellers. Approximately 90% of grain crops harvested area is located in the
Pampas-Chaco region, mostly on hapludolls and argiudolls soils. About 50-70% of the
cropping area is under annual leasing, restricting opportunities for long-term soil
management (rotation, fertilization, etc.).
Almost all varieties are glyphosate-resistant, of maturity groups 2 (south) to 8
(north). Production is carried out under mechanized agriculture. There are two main
planting times: full season soybean planted as an annual crop, and double-cropped
14
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soybean planted after a winter cereal (wheat or barley). Insecticides and fungicides are
regularly used according to pest infection which is variable spatial and temporally.
Soils of the Pampas, the main producing region, are generally deficient in nitrogen
(N), phosphorus (P), and sulfur (S). Soybean seeds are mostly inoculated with
Bradyrrhizobium sp. Soybean fertilizer use is still low with an estimated 60% of the area
receiving an average of 70 kg/ha of fertilizers, thus nutrient balances are negative with
removal exceeding application.

Grain production (thousand ha)

60000

Uruguay

50000

Paraguay

40000

Bolivia
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Fig 7. Soybean production and area from 1978 to 2013 in the four countries of the
Southern Cone region of Latin America (Argentina, Bolivia, Paraguay, and Uruguay).
Source: FAOSTAT.
Current grain yields average 2.7 t/ha but attainable average yields have been
estimated at 3.9 t/ha, a 1.2 t/ha yield gap (32%) (Aramburu Merlos et al., 2015).
Potential yields, obtained under excellent climatic conditions and proper crop and soil
management, have reached almost 8.0 t/ha in the central Pampas. Main needs and
possible strategies to close this yield gap would include:
• Improved nutrient management
15
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•
•

Adjustment of crop management according to environment (Planting date,
variety, population)
Rotation with cereals such as maize, wheat, barley, and other crops.
1.3.3. Brazil

Soybean is the most important field crop in Brazil. Total grain production is 207
million tons (46% soybean, 41% maize, 6% rice, and 3% wheat) on 58 million ha (58%
soybeans, 27% maize, and 4% rice and wheat) under grain crops. Most of the soybean
production is processed locally and exported overseas as grain and meals. Total
production was of 96 million tons in an area of 32 million ha in 2015 (Fig. 8).
Approximately 45% of soybean harvested area is located in the Midwest region, mostly
on oxisols and entisols, while other 33% of harvested area is located in the South
region, mostly on oxisols, ultisols, and inceptisols. The majority of the cropping area is
owned land, and a minor percentage is under 5 years’ term leasing contract, hence there
is no restriction for long-term soil management (rotation, fertilization, etc.).
Soybean production systems in Brazil were basically unchanged until the late 1990s,
with soybean grown mainly under conventional tillage systems from early November to
late March or April. After 2000, farmers started to seed earlier in the season (October),
adopted no-tillage rapidly, and began growing cover crops after soybean harvest. This
system has spread and currently about 50% of the soybean area in the Cerrado
(Midwest region) during the summer turns into maize second crop, 5% turns to cotton
second crop, and other areas are covered with different grain or cover crops, such as
sorghum, beans, millet, brachiaria grass, and sunn hemp. The technological evolution of
agriculture in the Cerrado during the 1990s was crucial to reach the current average
soybean yield of 3.0 t/ha. Genetic improvements were able to deliver new varieties
adapted to low latitudes, and resistant to Phytophtora (Stem Canker) and Heterodora
glycines (cyst nematode). New fungicide/insecticide molecules were developed as well
as more efficient strains of Bradyrhizobium japonicum, all in parallel with better
nutrient management practices. The steady expansion of cultivated area has been
beneficial in many aspects, but has also created some challenges: (i) soil fertility
management in a new agriculture frontier, especially with sandy soils; (ii) crop disease
management due to the introduction of Asian Rust (Phakopsora pachyrhizie) in 2001;
(iii) soil compaction in old no-till production fields; (iv) high population of nematodes,
especially the soybean cyst nematodes and pratylenchus nematodes (Pratylenchus
brachyurus); and (v) new pests (Francisco et al., 2014).
Almost all varieties are glyphosate-resistant, of maturity groups 6 (South) to 7-8
(Midwest). Production is carried out under mechanized agriculture. Planting time starts
in September (Midwest) to November (South) and harvesting begins in January
(Midwest) to March (South). Insecticides and fungicides are regularly used according to
pest infection which is variable spatial and temporally.
Soils of the Midwest, the main producing region, are generally deficient in,
phosphorus (P), potassium (K), and sulfur (S), and liming is performed every 3-4 years
(1.5-3.0 t/ha). Soybean seeds are mostly inoculated with Bradyrrhizobium sp. Soybean
uses 40% of the fertilizer consumption in Brazil, with annual rates ranging at 60-90 kg
P2O5/ha, 80-100 kg K2O/ha, and 10-20 kg S/ha. Main sources are SSP, STP, MAP, and
KCl or blends.
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Fig 8. Soybean production and area from 1977 to 2015 in Brazil. Source: CONAB
(2015).
Current grain yields average 3.0 t/ha but attainable yields have been harvested at
4.5 t/ha in several farm fields in the Midwest region. Potential yields, obtained under
excellent climatic conditions and proper crop and soil management, have reached 7.0
t/ha in the South region. Main needs and possible strategies to close this yield gap.
would include:
• Improved nutrient management
• Adjustment of crop management according to environment (Planting date,
variety, population, insect and disease control)
• Rotation with forages and legumes such as brachiaria grass, sunn hemp, beans,
and other crops.
1.3.4. China
Soybean is the fourth important crop in China after maize, wheat, and rice. Soybean
planting area, production and yield has been stagnant since 2000, and the average yield
across 10 years was 1,685 kg/ha (Fig. 9). According to 33 field experiments conducted
by IPNI China, the average optimal treatment could achieve grain yield of 2,456 kg/ha
with 3,677 kg/ha as the maximum yield.
Eighty percent of Chinese soybean is produced in Heilongjiang, Inner Mongolia,
Anhui, Henan, Jilin, Jiangsu, and Sichuan, with the planting areas of 3,548, 812, 939, 453,
377, 227 and 221 thousand ha, respectively, which produce 5,850, 1,334, 1,198, 864,
860, 598 and 531 thousand tons of soybean, respectively.
Soybean is mainly rotated with spring maize and spring wheat in Northeast China.
Continuous soybean in some areas is also very common, but it is prone to cause some
diseases. In North Central China, soybean is mainly rotated with winter wheat.
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Government has paid great attention to research and technology transfer for
soybean production. However, farmers need some incentives of good policies from
government to ensure good profit by planting soybean.
Main needs and possible strategies to increase yields and efficiencies of soybean
production systems would include:
• Research on soybean breeding, and promotion of rhizobium inoculation
• Increase plant density
• Balanced nutrients based on soil testing, promote crop residue recycling and
application of organic fertilizers
• Rotation with cereals instead of continuous soybean planting
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Fig. 9. Planting area, production and yield of soybean from 2000 to 2012 in China
(Agriculture Year Book, MOA)
1.3.5. South Asia
Soybean is the third most important oilseed crop in India, next to rapeseed/mustard
and groundnut. Soybean has shown phenomenal growth in acreage in the last decades,
increasing from 0.6 Million hectare (Mha) in 1980-81 to about 9.7 Mha in 2009-10.
Consequently, soybean production increased from 0.5 Million tons (Mt) in 1980-81 to
about 10 Mt in 2009-10. The predominant soybean producing states in the country are
Madhya Pradesh (5.3 Mha), Maharashtra (3.0 Mha), and Rajasthan (0.8 Mha), and these
three states contribute 96% of the production in the country. The current average
productivity of soybean in India is, however, very low (1,024 kg/ha).
Soybean is grown as a monsoon season crop under rain-fed situation mainly in
vertisols and associated soils, and has increased the cropping intensity and profitability
of the farmers in the region. The sharp increase in soybean acreage is associated with
the replacement of less remunerative crops like sorghum and minor millets, as well as
its diverse adaptability, better oil quality and multiple uses. In peninsular and
northeastern India, soybean is grown under irrigated conditions during winter/spring
season (November to April). Soybean is usually grown in sequence with rapeseed,
mustard, chickpea or wheat. Apart from these, cropping systems like soybean-potato,
soybean-sunflower, soybean-rapeseed/mustard, soybean-garlic systems were also
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found to be highly remunerative. Soybean is also grown successfully as an intercrop due
to its tolerance to drought and shade, efficient light and moisture utilization and ability
to fix atmospheric nitrogen. The most common soybean intercrops are cotton, maize,
finger millet, pearl millet and sorghum.
The major area of soybean (>70%) falls under rain-fed, poor fertility and limited
fertilizer use conditions and the low productivity of soybean in the country, to a large
extent, is due to inadequate and imbalanced fertilizer application. As an oil and energy
rich crop, nutrient requirement of soybean is quite high. Experimental results showed
that a soybean crop producing 2,217 kg grain/ha removed 71 kg N, 31 kg P2O5, 57.7 kg
K2O, 6.7 kg S, 14 kg Ca, 7.6 kg Mg, 77g Zn, 346 g Fe, 83 g Mn and 30 g Cu per hectare.
Projected estimates suggest that oilseed production of the country needs to be doubled
from the current 26 Mt to meet the growing demand. The crop at such production levels
will remove more than 6.0 Mt of NPK fertilizers. Balanced and adequate application of
nutrients, based on soil nutrient supplying capacity and targeted attainable yield of the
crop, will be required to attain and sustain such yield goals.
Edible oil import constitutes a major part of the import of agricultural commodities
in the country. This is due to large deficit between demand and domestic supply.
Soybean cultivation is now being encouraged by all states of India to meet the edible oil
shortage and it is expected that the acreage of the crop will increase further in near
future.
1.3.6. Russia
Driven by demand from fast developing husbandry (poultry and production of pigs),
the harvested area for soybean in Russia has increased 2.5 times during the last 10
years (from 0.5 in 2002 to 1.23 million ha in 2011) while production increased 3 times
(from 0.42 million tons in 2002 to 1.6 million tons in 2011). The increase in soybean
production was mainly due to the corresponding increase in harvested area and
improvement of average yields from about 1 t/ha (2006-2010) to 1.5 t/ha in 2011.
There are 3 main soybean producing regions in Russia: Far East, South of Russia, and
Central Russia.
1.3.6.1.

Central Russia region

For the Central Russia region, soybean is a relatively new crop. In this region,
soybean production started only 10 years ago. However, harvested area with soybean
expanded very rapidly. In 2011 there was an increase of 90% over 2010 and the
harvested area was 0.15 million ha (or 12% of total area under soybean in Russia).
Average soybean production in 2006-2010 was only 0.05 million tons per year,
however, in 2011 it was already 0.24 million tonnes. The increase in soybean
production was due to the both factors – expansion of harvested area and improvement
in yields. There are 4 main soybean producing regions in Central Russia: Belgorodskaya,
Kurskaya, Orlovsakaya and Voronezhskaya oblast (Table 7).
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Table 7. Area, production and yield of soybean in Central Russia by oblast.
Production, million t
Yield, t/ha
Area, million ha
Region
(% of soybean
Average
Average
2011
2011
area in CR)
2006-2010
2006-2010
Central Russia
0.15 (100%)
0.05
0.25
0.9
1.7
Belgorodskaya
0.08 (53%)
0.03
0.14
0.9
1.8
Kurskaya
0.03 (20%)
0.005
0.04
0.9
1.6
Voronezhskaya
0.01 (7%)
0.004
0.013
0.7
1.4
Orlovskaya
0.02 (13%)
0.003
0.03
1.0
2.0
According to the published research data for main local modern varieties, attainable
yields vary from 2.4 to 3.0 t/ha while potential yields vary from 3.0 to 3.7 t/ha. (Table
8).
Table 8. Attainable and potential yields for soybean in Central Russia by variety.
Variety
Attainable yield, t/ha
Potential yield, t/ha
Belgorodskaya 48
2.4
3.4
Belor
2.6
3.7
Belgorodskaya 6
2.9
3.6
Lanzetnaya
2.7
3.0
Belgorodchanka
3.0
3.7
Glazastaya
2.7
3.0
Typical soybean-based crop rotations are maize-soybean, winter wheat-soybean,
pea-winter wheat-raps (for green manure)-soybean-spring wheat.
The Central Russia region is the main region of the country for poultry and pig
production. The imported soybean products still occupy considerable part in the local
feed market. In order to substitute imported soybean products, a new soybean
processing plant has been opened in 2006 in Belgorodskaya oblast.
In order to increase yields and efficiencies of soybean production systems, best
management practices should be developed including mineral fertilizer application (P,
K, and micronutrients), herbicide use and tillage practices.
1.3.6.2.

Southern and Eastern Russia region

Soybean is a cash crop and its cultivation is expanding in S&E Russia. The Far East is
a major soybean growing region in S&E Russia and the second important region is
South – North Caucasus. Yields of soybean are steadily improving (Table 9). Attainable
and potential yields are similar for the Far East and the Southern and Northern Caucus
(Table 10).
Soybean harvested in the Far East is mainly exported to China, South Korea and
Japan. Rail shipments from the Far East to the European Russia are rather expensive.
The domestic consumption of soybean in S&E Russia is mainly generated in the South.
Imported soybean still occupies a considerable part of the market in this Federal
District in spite of expanding local cultivation. A new soybean processing plant is now
under construction in the South.
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Examples of typical crop rotations in the two major soybean producing regions in
S&E Russia are:
• Far East: soybean – spring wheat – soybean; annual grasses – soybean – spring
wheat – soybean – spring wheat.
• South & North Caucasus: maize – soybean; winter wheat – soybean, winter
wheat – maize – soybean; soybean – winter wheat – winter barley – maize –
winter wheat – sunflower.
Table 9. Area, production and yield of soybean
District).
Far
South + North
Region
East
Caucasus
Area, M ha
0.80
0.20
Production, M t
1.11
0.32
Yield, t/ha
1.38
1.59

in 2011 in S&E Russia (by Federal
Volga

Ural

Siberia

0.06
0.05
0.90

0.002
0.002
0.75

0.02
0.02
0.76

Table 10. Average attainable and potential yields at the Far East and the Southern
and Northern Caucus.
Region
Far East
South & North Caucasus
Av. attainable yield, t/ha
2.6
2.6
Av. potential yield, t/ha
3.5
3.8
Strategies to increase yields and efficiencies of soybean production systems in S&E
Russia are:
• Growing modern varieties (Siberia, Ural) and using quality seeds.
• Improving soybean management, including fertilizer application (P and K
fertilizers, micronutrients), inoculation, liming, and herbicide use.
• Improving crop rotations and also spring wheat management in crop rotations in
the Far East (soybean is often grown here in monoculture for 2-3 years on the
same area).
• Expanding irrigated soybean (South, Volga, Ural).
1.3.7. US
Average soybean yield in the US has increased over the past few decades (Fig. 4).
Although yields have trended upward, many producers are unsatisfied, especially when
comparing advances in yield and profit potential of soybean with maize (Fig. 10). Past
research has demonstrated that more intensive fertility management involving P and K
has the potential to significantly improve soybean yields, especially under irrigated
and/or high yield conditions (Gordon, 2008). However, most soybean producers across
the US Corn Belt have been slow to adopt intensive fertility management programs, or
direct fertilization for soybean production. There is a need to further explore the benefit
of direct fertilization of soybean, particularly where yield potential is high. Current
nutritional questions are:
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•
•
•
•
•
•

Do high-yield soybeans need additional N? A recent review indicates that they may,
but deeper placement of that N may be best (Salvagiotti et al., 2008).
How do K source and application timing interact? Chloride-containing fertilizers
may have to be applied much earlier than non-chloride sources.
Does banded P provide any advantages to broadcast P, and if so, what band
positions are best?
In roundup-ready varieties, do foliar Mn and/or foliar B applications provide
nutritional advantages?
Given declining atmospheric S contributions to soils, is S supplementation needed
now, and if so, what diagnostic tools can be developed to identify those needs and
guide application rates?
Are our nutrient uptake and removal rates out of date? How variable are they, and
what factors explain this variability?

More work similar to that done by Gordon (2008) may help advance soybean
nutrition and increase yield.
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Fig. 10. Average US maize and soybean yield (bu/A) from 1960 to 2011.
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2. Objective and strategies for WG08
The scenarios described in previous paragraphs indicated that soybean, a grain crop
that removes large amounts of nutrients, generally receives low fertilization rates, and
that improved nutrient management may improve grain yields and thereby help close
the yield gap between current and attainable yields. It is recognized that nutrient
management responses would strongly interact with crop management practices.
Thus, the objective of this WG is to increase soybean systems yield through nutrient
stewardship and responsible crop management to achieve improved economic, social, and
environmental sustainability..
Different strategies have been proposed for the different regions involved in the WG:
ü Looking for potential yield: what are the restrictions/boundaries?
ü Potential yield according to model simulation
ü Crop management for closing the gap between current and attainable yields
ü How much N would come from BNF? Do we need extra N for high yield?
ü Soybean response to N fertilization of the system in high intensive systems?
ü Recalibration of soil tests (P, K)? Foliar tests?
ü Current nutrient requirements and removal coefficients, are they right?
Two different growing scenarios were recognized among the participants’
descriptions:
ü High yielding regions/countries: US, Brazil, Argentina
ü New regions/countries: Russia, India, China, Africa
A Tactical Plan for the WG has been developed and shown in Table 11. This midterm report summarizes the activities of the IPNI Soybean Systems Workgroup (WG08)
carried out between 2013 and 2015.
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Table 11. Tactical Plan for WG08-Soybean Systems, as of July 2015.
Need from
global
tactical plan

4R Nutrient
Stewardship
must
become
globally
adopted as
the scientific
basis for
sustainability

Global Plan response

Assemble cropspecific
recommendations
for applying 4R
principles

WG Theme

Defining soybean
nutrient management
for low-yielding areas

Nutrient consumption is presently
low or unbalanced in some soybean
regions and needs adjustments.
Desired outcome is to develop
nutrient use strategies to increase
soybean yield by improving nutrient
efficiency

Strategy

Set nutrient omission plots
to determine the amount of
NPK required attaining a
defined yield target.

Set validation trials to adjust
the amount of NPK required
to attain a defined yield
target

Defining N
management for highyielding systems

Nutrient
education is
inadequate
for current
and future
agronomists

Issue or desired outcome

Promote awareness
and develop tools
needed to
implement
appropiate nutrient
BMPs

Educating farmers and
agronomists in soybean
management and
fertilization

Need for quantification of soybean
N balance and BNF contribution

Set field trials to determine
the contribution of
biological fixation under
contrasting management
situations

Develop extension materials

Regions

Deliverables

Date

Partners

Funding

China

Articles for BC
China, and BC

2015

Universities,
farmers, research
institutes

China

Peer.review
publication

2016

Universities,
farmers, research
institutes

South
Asia

Articles for BC
India, and BC

2016

Universities,
farmers, research
institutes

South
Asia

Peer.review
publication

2017

Universities,
farmers, research
institutes

Russia

Articles for
Newsletter
Russia, and BC

2016
and
2017

Universities,
farmers, research
institutes

Russia

Peer.review
publication

2017

Universities,
farmers, research
institutes

Argentina,
Brazil, and
United
States

Peer-review
paper on
Biological N
fixation in
soybeans

7/2016

KSU, MT
Foundation, INTA,
FCA-UNR

3/2015

IPNI

Africa

Format and
reprint "Be
your own
soybean
doctor" and
"How a
soybean plant
develops?"
Booklets and
brochures on
fertilizer BMPs

WG8, regional
budgets, possible
local sponsors

11/2014

Universities and
research institutes,
farmers

WG8, regional
budgets, possible
local sponsors

WG8, regional
budgets, others.
Possible involvement
from MC's
WG8, regional
budgets, others.
Possible involvement
from MC's
WG8, regional
budgets, others.
Possible involvement
from MC's
WG8, regional
budgets, others.
Possible involvement
from MC's
WG8, regional
budgets, others.
Possible involvement
from MC's
WG8, regional
budgets, others.
Possible involvement
from MC's
WG8, regional
budgets, others.
Possible involvement
from MC's and other
companies,
Interaction with WG4

for Africa

South
Asia

Russia

Yield gaps
must be
identified
and closed to
provide a
sustainable
food supply

Identify and quantify
yield gaps for
specific crops and
priority regions

Document the role
of improved plant
nutrition for closing
yield gaps

Closing yield gap
between current and
attainable yields in
high-yielding regions

Describe the yield gap
among regions based
on the characterization
of soybean systems

In high-yielding regions, there is a
need to explore nutrient
management and its interactions
with crop management practices to
reduce the yield gap between
current and attainable yields.
Desired outcome is to develop a
better fertilizer recommendation to
increase soybean yields
Provide information on soybean
yield gaps between current and
attainable yields Desired outcome is
to develop a portal website that
gather information related to the
soybean cropping systems around
the globe, as well as, research
reports and materials related to the
4R Nutrient Stewardship

Set field trials to evaluate
crop and nutrition
management practices, and
to determine the
contribution of biological
fixation

Collection of data from
commercial fields and
improved management in
different regions.
Compilation of regional
information on advances in
soybean nutrient
management

Argentina,
Brazil, and
United
States

All

Format and
reprint "Be
your own
soybean
doctor" and
"How a
soybean plant
develops?"

associations, MCs
and other
companies

3/2015

Booklets and
brochures on
fertilizer BMPs
for India

6/2015

Booklets and
brochures on
fertilizer BMPs
for Russia

6/2017

Articles for IAH
and BC

6/2015
and
6/2016

Peer-review
publication

6/2017

Develop portal
website with
information
regarding
soybean.

20142016

IPNI

Universities and
research institutes,
farmers
associations, MCs
and other
companies
Universities and
research institutes,
farmers
associations, MCs
and other
companies

WG8, regional
budgets, possible
local sponsors

WG8, regional
budgets, possible
local sponsors

WG8, regional
budgets, possible
local sponsors

KSU, MT
Foundation, INTA,
FCA-UNR

WG8, regional
budgets, others.
Possible involvement
from MC's and other
companies,
Interaction with WG4

IPNI programs

WG8
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3. Report of progress 2013-15
3.1. New regions
3.1.1. Africa
3.1.1.1.

Field activities

The two main field activities conducted in SSA have been trials in Kenya and Uganda
to evaluate the effects of balanced nutrient management on soybean productivity. A
scientific paper developed on the basis of the Kenya results and a report for the Uganda
trials are included in the Appendix. A summary of these reports follows.
3.1.1.1.1.
Effect of fertilizer, manure and lime application on Nfixation potential, yield and economics of soybean grown in
soils of different fertility in Western Kenya
This paper was prepared by Evans Wafulaa, Helen Anyanzwab, Shamie Zingoreb, George N.
Chemining’waa, Nancy Karanjac and Freddy Baijukyad
aDepartment of Plant Science and Crop Protection, University of Nairobi, College of
Agriculture and Veterinary Sciences; bInternational Plant Nutrition Institute (IPNI) ICIPE
compound, Duduville-Kasarani, Nairobi, Kenya; cDepartment of Land Resource
Management and Agricultural Technology, University of Nairobi, College of Agriculture
and Veterinary Sciences; dTropical Soil Biology and Fertility Institute of the International
Centre for Tropical Agriculture (TSBF-CIAT), Nairobi, Kenya.
Soybean yield intensification in smallholder farming systems in sub-Saharan Africa
has been limited by lack of proper nutrient management strategies tailored to the highly
variable soil fertility conditions. On-farm experiments were established in three sites in
western Kenya to assess the effect of balanced fertilizer use, and manure and lime
application on nitrogen fixation potential, and yield of soybean under a range soil
fertility conditions. The experiment was laid out in a randomized complete block design
with three replications. The treatments comprised of: 1) Control - without inoculant and
fertilizer; 2) Inoculation alone; 3) N+P+K; 4) P+K; 5) N+P; 6) N+K; 7)
N+P+K+S+Ca+Mg+Zn+Mo and 8) N+P+K+S+Ca+Mg+Zn+Mo+Manure+Lime (soybean
was inoculated with USDA-110 treatments 2 - 8). Fertilizers were applied at rates
required to achieve the attainable yields in the study area as follows: 30 kg ha-1 P, 60
kgha-1 K, 23 kg ha-1 S, 20 kg ha-1 Ca, 5 kg ha-1 Mg, 3 kg ha-1 Zn, 3 kg ha-1 Mo. Starter N was
applied at a rate of 20 kg ha-1. Manure was applied at 10 t ha-1 and dolomitic lime at 5 t
ha-1. The experiment was conducted for two seasons and located in three fields with
contrasting soil fertility conditions: Masaba (low fertility), Eshirali (medium fertility)
and Nyabeda (high fertility). Inoculation alone significantly increased grain yield
compared to the control treatment in Nyabeda alone. NK had significantly lower nodule
number, nodule dry weight and grain yield compared to NPK, NP and PK in all sites,
suggesting that P was the most limiting nutrient. However, the highest values for
soybean nodule score, nodule number, nodule dry weight and grain yields were
achieved with N+P+K+S+Ca+Mg+Zn+Mo+Manure+Lime treatment in all sites. The
results indicate a higher potential of increasing BNF and soybean yields in the morefertile clay soils than in the less fertile sandy clay loam soils. There is scope for

smallholder farmers to intensify soybean production but this will largely depend on
adoption of integrated nutrient management strategies that address multiple soil
fertility constraints and tailoring fertilizer recommendation to different soil fertility
conditions.
3.1.1.1.2.

Nutrient omission trial for soybean at Uganda

This report was prepared by Kayuki C Kaizzi, Byalebeka John, Nansamba Angella,
Frederick and Mawanda Ali of the National Agricultural Research Laboratories (NARL) –
Kawanda, Kampala, Uganda; and Africa 2000 Network, Kampala, Uganda.
Legumes are important in cropping systems of sub-Saharan Africa (SSA) for food
and farm income. Legume production in SSA is hampered by low and declining soil
fertility, including low available N and P, low soil pH, high salinity, drought and flooding.
Soybean has been a minor crop in SSA but has gained importance as a source of edible
oil, for use in food relief operations, for poultry feed, and other uses. Its dual purpose as
a legume producing high quality protein and oil suitable for human consumption
enhances its value. Soybean production in Africa may now be about 1 million t yr-1 with
nearly half of the production in Nigeria followed by Uganda and Zimbabwe. Increased
soybean production in Uganda is driven by a need for import substitution, growing
national demands and regional trade. Soybean commonly does not respond to applied
N, even in high yield situations, but response may occur for soybean planted without
seed treatment with Bradyrhizobia spp. inoculum in fields with no history of soybean
production and where the soybean variety is not compatible with the local rhizobium
populations. Soybean grain yield N and N fixation is often responsive to applied P.
Significant increase in soybean yield in response to PK fertilizers were reported in
Uganda, however the increase was still below the yield potential reported by breeders
which they attributed to unbalanced fertilization and the need to supply secondary and
micro-nutrients. The objective of the study is to diagnose nutrient deficiencies and
determine nutrient limited yield gaps in soybean production in Uganda
Nutrient omission trials were conducted (2013-2014) at National Agricultural
Research Laboratories (NARL) – Kawanda [Kawanda, 0o45’N, 32o32’E, 1172 m] and
Tororo DATIC (Tororo) [Tororo, 0o45’N, 34o14’E, 1207 m], located in the Lake Victoria
Crescent and Southern and Eastern Lake Kyoga Basin, Agroecological Zones,
respectively. Selected soil chemical and physical properties were determined at the 0to 20-cm depth before planting and fertilizer application. In general, the sites differ in
soil fertility levels with Tororo of relatively lower fertility, and Kawanda average
fertility. Treatments were: (1) Control, (2) Inoculation alone, (3) NPK full rate, (4) PK (N) full rate, (5) NP (-K) full rate, (6) NK (-P) full rate, (7) N-P-K-S-Ca-Mg-Zn-Mo, (7) N-PK-S-Ca-Mg-Zn + lime + manure. The experiment was replicated three times at each site,
with plot sizes of 6 m x 6 m. Treatments 2-8 were planted with inoculated soybean.
Soybean variety was cv “Maksoy 1N” (maturity of approximately 110 days), seeding
rates were selected to ensure final plant populations of 16 to 17 plants m–2 with 30 and
5 cm inter- and intra-row spacing, respectively. In-season weed control was by weeding
with hand hoes twice or thrice depending on weed intensity. In-season pest control was
done using chloropyrifos 5% (DursbanTM). The plants were uprooted from a 3 m by 3
m area, and the pods were removed and air-dried for at least seven days before shelling
the pods. The harvested grain was weighed, and grain yield calculated. Grain yield was
adjusted to 14% water content.
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In addition to the above described researcher-managed trials, one cluster of on-farm
trials was conducted in two sub-counties in Tororo district. The trials had a single set of
the same treatments as for researcher managed trials; farms within clusters were
treated as replications. Only grain yield data were collected. The analyses were done by
site-season, clusters of on-farm trials, and combined across site-seasons and clusters of
on-farm trials with sites and replications as random variables and nutrient rates as
fixed variables.
Results showed that mean soybean grain yield was 0.85 t/ha with no amendment
and increased significantly (nutrients in the range 0.64 to 1.96 t/ha) with application of
inoculum, and a combination of inoculum with different nutrients across the research
sites and on-farm cluster. This implies that low soil fertility is limiting soybean yield. It
is also observed that application of a combination of inoculum with NPK, secondary and
trace elements resulted in significantly higher grain yield than inoculum and major
nutrients NPK alone, confirming that secondary and trace elements are limiting crop
production in the area. Combining manure, together with NPK, secondary and trace
elements is the most effective strategy to supply nutrients to crops. Though results are
for 1 season only, they point to the need to supply these elements in addition to NPK.
3.1.1.2.

Extension material to promote best agronomic practices

The following materials are available in the Appendix:
• 4R Pocket Guide for Soybean
• Poster on Soybean Production 4R Nutrient Management Practices in Western
Kenya
3.1.1.3.

General review paper on soybean production in SSA

The following material is available in the Appendix:
• Application of the ‘‘4R’’ Nutrient Stewardship Concept to Soybean BMP:
Importance of right rate, time and place
3.1.1.4.
•
•
•

Expected deliverables for 2016-17

Format and reprint "Be your own soybean doctor" and "How a soybean plant
develops?"
Guides on “Phosphorus for High Yield in Soybeans” and “Potassium for High
Yield in Soybeans”.
Soybean meeting in SSA: A meeting is planned for 4-6 October 2016 in Nairobi,
Kenya, in collaboration with the N2-Africa project. A group of 15 leading
scientists from across SSA has been invited to share and discuss up-to-date
scientific knowledge on soybean agronomy in SSA. It is planned to publish a book
on important topics on soybean agronomy - targeted for use by scientists and
students and a comprehensive soybean production guide targeted for use by
extension systems.
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3.1.2. China
3.1.2.1. Development of Nutrient Expert for Soybean (NE Soybean) in
China through working with national Soybean working group
After three years’ work including collecting nutrient uptake data to run the QUEFTS
model, consulting meeting with cooperators (Fig. 11), field visits, training, and field
validations, we have the NE Soybean 1.0 version, released for public use at the
International Symposium on Improvement of Nutrient Use efficiency under Zero
Growth of Chemical Fertilizers in China on March 16-18, 2016. Cooperator from
Heilongjiang Province presented the NE Soybean model and field validation results. The
NE Soybean got the recognition from national soybean scientists.

Fig. 11. Soybean Nutrient Expert meeting at Wei Dan (China).
3.1.2.1.1.

Field Validation of the NE Soybean in 2014 and 2015

We have 12 field validations in 2014 and 11 field validations in 2015 with three
replications in Heilongjiang, Jilin, Liaoning and Inner Mongolia. Results from field
validation indicated that the NE can improve grain yield and nutrient use efficiency and
is a promising fertilizer recommendation method.
•

Short summary on Nutrient Expert Soybean field validation in 2014
This study was conducted to validate Nutrient Expert (NE)-based fertilizer
recommendation for soybean in farmer fields and compare them with farmer fertilizer
practice (FP) and soil test based fertilizer recommendation. The year 2014 was the first
year for NE Soybean field validation. For this project, there were 12 field validation
experiments of Nutrient Expert on soybean conducted in Heilongjiang Province. Each of
the experiment was conducted in experimental station with three replications. Each
individual site had a site-specific rate applied, the NE-based plots received 52 kg N, 52
kg P2O5, and 57 kg K2O/ha on average, while the FP plots received an average of 47 kg
N, 63 kg P2O5, and 38 K2O/ha, and soil test-based recommendations received an average
of 51 kg N, 63 kg P2O5, and 56 K2O/ha. The results from NE soybean experiments
showed that NE treatment (2859 kg/ha of grain yield and USD 1989/ha of profit)
achieve 12.5% and 5.0% more yield, and 7% and 2% more profit than the FP treatment
and soil test recommendation, respectively. It was indicated that NE Soybean was a
promising fertilizer recommendation method when soil test is not available or timely.
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•

Short summary on Nutrient Expert Soybean field validation in 2015
The objective of this study is to validate Nutrient Expert® (NE) based fertilizer
recommendation for soybean grown in Heilongjiang, Jilin, Liaoning, and Inner Mongolia.
Results are directly compared against those obtained with farmer practice (FP) and a
soil test-based recommendation. This study had 11 field validation experiments in each
province. Each individual site had a site-specific recommendation, but NE-based plots
received an average of 40-55-53 kg N- P2O5-K2O/ha. Plots under FP received an average
of 50-68-45 kg/ha and soil test plots received an average of 53-65-59 kg/ha. Plots
receiving NE recommendations produced an average grain yield of 2,853 kg/ha and
US$2,200/ha of profit. These yields were 10.1% and 9.7% higher than FP and soil test
plots, respectively. Similarly, profits were 13.2% and 10.7% higher under NE when
compared against FP and the soil test recommendation, respectively. Besides the
different fertilizer rates, all NE plots were dressed with rhizobia for N fixation and
fertilized with control-released urea, while FP and soil test plots received no rhizobia
and fertilized with only regular urea. Therefore, the 4R nutrient management strategies
here adopted for NE are the right source and the right rate. Results in 2015 align well
with those obtained in 2014 and NE Soybean appears a promising option for making
fertilizer recommendations when soil test recommendations are not available or timely.
3.1.2.1.2.

Nutrient Expert Decision Support System version 1.0

Version 1.0 was completed and posted available at IPNI China Program website
(http://research.ipni.net/project/IPNI-2014-CHN-NES).
3.1.2.2.
•

Expected Deliverables for 2016-17

Manuscript entitled “Estimating Nutrient Uptake Requirements for soybean in China”
was submitted to PLOS One in May 16. A summary is presented below and the full
manuscript is available in Appendix.

Estimating balanced nutrient requirements for soybean (Glycine max [L.] Merr) in
China is essential for identifying optimal fertilizer application regimes to increase
soybean yield and nutrient use efficiency. We collected datasets from field experiments
in major soybean planting regions of China between 2001 and 2015 to assess the
relationship between soybean grain yield and nutrient uptake, and to estimate nitrogen
(N), phosphorus (P), and potassium (K) requirements for a target yield using the
Quantitative Evaluation of the Fertility of Tropical Soils (QUEFTS) model. The QUEFTS
model predicted a linear-parabolic-plateau curve for the balanced nutrient uptake with
a target yield increased from 2.25 to 3.75 t ha−1 and the linear part continuing until the
yield reached about 60-70% of the potential yield. To produce 1000 kg grain of soybean
in China, 55.4 kg N, 7.9 kg P, and 20.1 kg K (N:P:K = 7:1:2.5) were required in the aboveground plant dry matter, and the corresponding internal efficiencies (kg yield per kg
nutrient uptake) were 18.1, 126.6, and 49.8 kg grain per kg N, P, and K, respectively. The
QUEFTS model also estimated that the amounts of N, P, and K removed by soybean were
48.3, 5.9, and 12.2 kg per 1000 kg grain, respectively. Approximately 87.1%, 74.1%, and
60.8% of N, P, and K, respectively, of the total above-ground plant dry matter were
present in the grain and removed from the field. We also estimated the relationship
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between grain yield and nutrient uptake to recommend fertilizer applications that
improve the grain yield of soybean and avoid excessive or deficient nutrient supplies.
Field experimental validation indicated that the QUEFTS model can be used to estimate
nutrient requirements and develop robust fertilizer recommendations for soybean.
•

Papers for BC and BCC are in progress and expected to be completed by the end of
2016.

•

Continuing field validation based on cropping system in three different ecological
zones with soybean-maize, maize-maize-soybean, and maize-maize-soybean in
Northeast China.
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3.1.3. South Asia
Inappropriate nutrient management is one of the major issues for low productivity
of soybean in India. The objective of the Soybean work group activities in India were
focused on understanding nutrient responses in soybean in spatially distributed
growing environments, and using such information to develop an easy-to-use fertilizer
decision support tools for the farmers and their advisors. The first three years were
dedicated to gather nutrient response data through omission plot trials in alluvial and
Red & Lateritic soils region of Eastern India, and Vertisols region of Western and
Southern India.
3.1.3.1.

Field studies 2013-2015

On-farm soybean omission plot trials were conducted in 183 sites across India in
2013-15 (Fig. 12). The treatments consisted of (i) ample NPK application, (ii) ample PK
with N omission, (iii) ample NK with P omission, and (iv) ample NP with K omission.
The ample NPK plot received 30:100:80 kg of N:P2O5:K2O per hectare The on-farm sites
were spread in the alluvial soils of Bihar in Eastern India, Red & Lateritic soils of Odisha
in Eastern India and Vertisol regions of Maharashtra in Western India, and Karnataka in
Southern India.
Average yield in ample NPK plots was 2222 kg/ha. Average yields in N omission, P
omission and K omission plots were 1936, 1925 and 1981 kg/ha, respectively. The
highest yield achieved in ample NPK plot was 3370 kg/ha.
Figure 13 shows the distribution of yield data across all sites for all years. The data
shows significant yield loss in N omission plots. Location specific data analysis showed
that yield losses in N omission plot was significant in vertisols (≈0.5 t/ha), while the
yield loss due to no application of N was minimal in alluvial soils (Figure 14). This might
be due to higher pH in the vertisols that hinders nodule formation in soybean, leading to
N deficit at growing stages in the N omission plots. The soybean yield in the depleted
red & lateritic soils were generally lower than other locations and nearly 50% of the
yield was lost when any of the major nutrients was not applied.

Fig. 12. Soybean field experiments in India
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Fig. 13. Soybean yield in omission plot studies in India

Fig. 14. Soybean yield in omission plot studies in the vertisols of Karnataka (left)
and alluvial soils of Bihar (right)
The yield response data from varied growing environments were utilized to develop
a beta version of the Nutrient Expert for soybean. The Nutrient Expert for soybean
would be validated in different growing environments in India to assess its efficacy to
provide site-specific fertilizer recommendation.

3.1.3.2.
•

Expected Deliverables for 2016-17

Soybean Nutrient Expert (NE) based fertilizer recommendation would be
compared to the farmers’ fertilization practice and the existing local
recommendation to assess change in yield and profitability associated with
NE-based recommendation. About 70 on-farm trials would be set up in 2016
in major soybean growing areas to have conclusive evidence of the above.
The NE tool will be further improved, based on 2016 on-farm validation, and
2017 would be the final field validation year before its release for free public
use.
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•

The beta version of the Nutrient Expert will be transferred to web and mobile
platforms for ease of use by stakeholders.

•

A soybean nutrient management article will be published in the Better Crops
South Asia 2016.

•

A peer-reviewed article, based on soybean on-farm trials in India, would be
developed in 2017.

•

A user manual of the Nutrient Expert tool will be developed in 2017.

•

Significant engagement with public and private extension systems, through
interactions and trainings, will start in 2017 for outreach of the tool to
provide support to large number of farmers.
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3.1.4. Central Russia
General preparations for the project set up have been done in 2013: a short
summary on the situation with soybean production in Russia, and an experimental
protocol for the project on “Validation of Fertilizer Recommendations for Soybean
under High Yielding Crop Production Systems in Central Russia” were developed.
Several meetings with the project cooperators (researchers - Belgorod National
Research University, the large soybean producing farms - LLC Krasnoyaruzhskaya Grain
Company and LLC Bobravskoe), have been conducted.
A summary of the main activities and results of the 2014 and 2015 seasons follows.
The full report is available at the Appendix.
2014 and 2015 field experiments
Field experiments were conducted in 2014 in Belgorod oblast on large industrial
farms in two locations - on grey forest soils and typical chernozem soils (Fig. 15). Six
treatments were studied: 1) control, no fertilizers; 2) N18; 3) N9P39; 4) N9P39K60; 5)
N18P78K60. All fertilizers were pre-plant broadcasted prior to spring cultivation. Two
different varieties were tested – Horol (Canada) and Lantzentnaya (local variety).
Experimental results showed that on chernozems seed yield varied from 1.22 to 1.4
t/ha. The highest yield (1.4 t/ha) was achieved at treatment N18P78K60 that is 15% of
yield increase in comparison with control. On grey forest soils, seed yield was higher
and varied from 2.11 to 2.53 t/ha. The highest yield (2.53 t/ha) was achieved at
treatment N9P39K60 that is almost 20% higher than control.
In both sites the grain S concentrations were low. In this regard experimental design
for the next season (2015) has been modified by introducing S treatments with complex
PKS (0:20:20:5) fertilizer produced by Phosagro in order to check the crop response to
S.

Fig. 15. IPNI on-field trials with soybean in Belgorod, Central Russia (July of 2014).
In 2015, on-farm trials in Belgorod oblast were conducted on large industrial farm
LLC Krasnoyaruzhskaya Grain Company in two locations - on dark grey forest soils and
typical chernozems. In both locations experimental plots were characterized by low
content of plant available sulfur (3.2-4.1 ppm). The experiment design was updated and
included two variants with complex PKS (0:20:20:5) fertilizers treatments with
different rates of S (10 and 20 kg/ha) in order to check crop response to S. The
following 8 treatments were studied: 1) control, no fertilizers; 2) N18; 3) N9P39; 4)
N9P39K60; 5) N18P78; 6) N18P78K60; 7) N9P40K60S10; 8) N18P80K80S20. All
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fertilizers were pre-plant broadcasted prior to spring cultivation. Inoculation & Mo seed
treatment was done for each treatment. Soybean variety Lanzentnaya (RM 91-105
days) soybean variety was grown in both locations.
In addition to the above mentioned trials, three new local perspective high-yielding
varieties have been tested, namely Belgorodskaya 6 (RM 102-114 days), Belgorodskaya
7 (RM 98-112 days), and Lanzentnaya (RM 91-105 days) on farm located in
Krasnoyaruzhsky district (soil type - typical chernozems) in order to determine
attainable yield potential of these new high-yielding varieties and corresponding
nutrient uptake and removal. The simple experimental design for these trials included
only 2 treatments: Control (no fertilizers) and N18P80K80 S20.
In spite of unfavorable weather conditions (relatively dry summer with only 75% of
the average precipitation), soybean yields were higher than in 2014. On typical
chernozems, the highest yield (2.65 t/ha) was achieved at treatment N18P80K80S20.
Almost similar yield (2.64 t/ha) was achieved at treatment with lower fertilizer rate
N9P40K60S10. Herewith, S content in seeds was not sufficient in all treatments.
The yields were higher (2.65 - 2.7 t/ha) on grey forest soils. The highest yield (2.7
t/ha) was achieved at treatments N9P40K60S10 and N18P80K80S20. Here the S in
seeds was sufficient (about 0.32 mg/kg of dry matter) only in treatments with S
application.
Identifying crop response to S has very important practical importance since 99% of
arable soils in Belgorod oblast has low content of plant available S that could be the
yield-limiting factor for high-yield soybean productivity in this region (Fig. 16).

Fig. 16. Sulfur deficiency on soybean: treatment N18P80K80 S20 to the left, and
treatment N18P78K60 to the right. IPNI research plots on dark grey forest soils,
Belgorod, Central Russia, 2015.
Summarizing these two years of field experimentation, a trend to PK response was
observed considering the six treatments common to these four trials, despite the
adequate soil P and K tests (Fig. 17, Appendix).
Despite of the visual S deficiencies and the low S concentrations in soybean seed and
straw, S fertilizer applications did not increase grain yields, differences were of 1.11.4% only (Fig. 18).
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Fig. 17. Average soybean grain yields for the six treatments evaluated in the four
field trials carried out in 2014 and 2015 at Belgorod, Central Russia.
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Fig. 18. Average soybean grain yields for the treatments without and with S in the
two field trials carried out in 2015 at Belgorod, Central Russia.
Round Table Meeting on Soybean Nutrition
A Round Table Meeting on Soybean Nutrition was organized on July 2014 attracting
a wide audience including representatives of the State Government (Department of
Agricultural Production), senior agronomists and management of regional leading
industrial farms producing soybean, representatives of fertilizer industry including IPNI
members Uralkali and Uralchem, as well as local breeders and researchers (Fig. 19).
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The meeting was organized in cooperation with Belgorod State Agricultural Academy
and Belgorod State Center of Agrochemical service (BSCAS). BSCAS is the principal
partner for the several research projects conducted by IPNI in this region such as K
project and project on optimization of soybean nutrition. Dr. Fernando Garcia, Director,
Latin America-Southern Cone, was invited as an expert on soybean nutrition to
participate in the meeting. He has delivered the presentation on Nutrient Management
for Soybean in Argentina and Uruguay with oral translation in Russian done by Dr.
Svetlana Ivanova. Dr. Svetlana Ivanova has delivered the presentation on IPNI activity
and research projects in Russia. The third presentation from IPNI was done on the
soybean and grain maize response to K in Belgorod gathered the first results of IPNI
research project on K. The presentation was delivered by principal IPNI partner for K
project Dr. Vladimir Romanenkov from Agrochemistry Research Institute. The main
outcome of this meeting was the creation of regional group under IPNI leadership
consisted of researchers, breeders and soybean producers and interested in further
investigation and development of proper regional fertilizer recommendations for
soybean.
Round Table Meeting on Soybean nutrition preceded by field visits to trials
conducted by IPNI on large industrial farms LLC Bobravskoe and LLC
Krasnoyaruzhskaya Grain Company in frame of several regional IPNI research projects
in Belgorod such as K project and project on Validation of fertilizer recommendations
for soybean under high yielding crop production systems in Central Russia. Both Dr.
Svetlana Ivanova and Dr. Fernando Garcia have visited on-farm trials with soybean.
Link to Fernando Garcia's presentation translated to Russian:
http://eeca-ru.ipni.net/article/EECARU-2236
Link to Svetlana Ivanova’s presentation in Russian:
http://eeca-ru.ipni.net/article/EECARU-2240

Fig. 19. IPNI Round Table Meeting on Soybean nutrition, 23 of July 2014, Belgorod
(Central Russia).
Meetings with the leading soybean producers in Central Russia
Meetings with chief agronomists from major soybean producing companies in
Belgorod, Voronezh and Lipetzk (Central Russia) were organized in October and
December of 2015, and in February of 2016. The largest agroholdings producing
soybean
in
Central
Russia
were
visited
including
Miratorg
(http://www.miratorg.ru/sites/en/default.aspx)
and
Cherkizovo
group
(http://cherkizovo.com/en/). Representatives of Uralchem (IPNI member company)
took part in these meetings. The main aim of the meetings was to get detailed
information about current soybean nutrient management practices adapted by farms as
well as introduce research project on soybean conduced by IPNI in the region.
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A Meeting with Phosagro staff was organized on 21st December 2015 to present and
the results of soybean projects obtained in 2015 and discussed the expansion of the
project in 2016. Dr. Ivanova has delivered the presentation summarizing the project
results obtained in 2015. The link to the presentation is http://eecaru.ipni.net/article/EECARU-2322
Phosagro is very interested in expansion of IPNI project on soybean in new location
– Lipetzk (Central Russia). It was agreed that in 2016 the new trials with soybean will
be conducted at large industrial farm Agrogard – Chistie prudy located in Leptezk.
Phosagro will use the results of IPNI soybean project including the data on soybean
response to S in Phosagro’ Annual report for 2015.
Activities for 2016-17
• Continuation of on-field experiments in Belgorod Oblast
• Set up of new on-field experiment in Lipetzk Oblast
• Organization of Round Table on Soybean Nutrition in Lipetzk (August of 2016)
• Writing the draft article summarizing the results of trials with soybean in
Belgorod in 2014-2016.
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3.1.5. South & East Russia (Dr. Vladimir Nosov)
Similarly, to Central Russia, an experimental protocol for the Project on “Validation
of Fertilizer Recommendations for Soybean under High Yielding Crop Production
Systems” has been developed for Southern Russia in 2013. A potential cooperator in
Southern Russia (Russian Research Institute for Oil Crops, RRIOC, Krasnodar) was also
selected during this period.
A summary of the main activities and results of the 2014 and 2015 seasons follows.
The full report is available at the Appendix.
2014 and 2015 field experiments
Field experiments were initiated in Krasnodar Krai, which is a major soybean
producing region in Southern Russia. In 2014, experiments were conducted in three
locations (Fig. 20). Soils included ordinary and leached chernozem and meadow
chernozem which had a heavy texture, a near neutral pH, low OM content, low and
medium NO3-N level, high and very high levels of available P and K, respectively. Six
treatments were studied (N, P2O5 and K2O are indicated): 1) Control; 2) N18; 3)
N9P39; 4) N9P39K60; 5) N18P78; and 6) N18P78K60. Potassium fertilizer was preplant broadcasted prior to spring cultivation and other fertilizers were applied at
planting (2 cm × 2 cm). Seeds were inoculated and treated with Mo. A medium maturity
soybean variety (RM 115-118 days) was grown in both locations.
Seed yield ranged from 1.27 to 1.98 t/ha depending on location. Both high
temperatures and zero precipitation occurred in August negatively affected soybean
development during R4-R6 stages. The highest yield was obtained on meadow
chernozem soil under a rice-based cropping system. Macronutrients (N, P, and K) didn’t
result to a significant yield increase based on these first year findings.
It may by also preliminary concluded that the selected soybean variety is somewhat
sensitive to salt concentrations in soil solution because in two of three locations seed
yield decreased in a treatment receiving N18P78K60 compared to other treatments.
Two field experiments were conducted in 2015 in the region (Fig. 21). Leached and
ordinary chernozems had a heavy texture, a near neutral pH, low OM content, higher
than medium NO3-N level, high and very high levels of available P and K, respectively.
Fertilizer treatments were modified compared to the previous year: 1) Control; 2) N18;
3) N6P26; 4) N6P26K18; 5) N12P52; and 6) N12P52K18. All fertilizers were applied at
planting (2 cm × 2 cm). Seeds were inoculated and treated with Mo.
Pod filling of an early maturity variety was practically finalized before a drought
period occurred in the end of July – beginning of August, however a medium maturity
variety was negatively affected. Thus, the genetic potential of the latter one could not be
realized. An early maturity variety gave the best yield (2.06 t/ha, 7% increase over
control) with a starter application of N6P26K18. The highest yield of a medium
maturity variety (1.66 t/ha, 5% increase over control) was achieved with the N6P26
treatment. Omitting of K fertilizer did not result in a noticeable decrease of soybean
yield in both locations. Results obtained in 2015 show that both varieties might require
moderate starter rates of nutrients.
Summarizing these two years of field experimentation, there is no clear trend of
response to the fertilizer treatments (Fig. 22). The severe drought observed in August
2014 affected grain yields in the first season, as well as the the drought in July-August
2015 affected a medium maturity variety. Further work should look at adjusting crop
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management (variety, planting date, spatial arrangement) to achieve higher yields in
the region. Also, it should be considered that soil P and K tests are high in the region
(Appendix).

Fig. 20. IPNI field experiment on leached chernozem, RRIOC Research Farm,
Krasnodar, Russia (July 24, 2014).

Fig. 21. IPNI field experiment on ordinary chernozem, Experimental Enterprise
Berezanskoye, Korenovsk Distr., Krasnodar Krai, Russia (July 21 & 24, 2015).
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Fig. 22. Average soybean grain yields for the six treatments evaluated in the five
field trials carried out in 2014 and 2015 at Krasnodar Krai, Southern Russia.
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Meetings in Southern Russia
1. Krasnodar Regional Field Day on Oil Crops 2014, July 24, 2015, RRIOC, Krasnodar,
Russia
Dr. F. Garcia and Dr. V. Nosov participated in the Krasnodar Regional Field Day on
Oil Crops 2014 organized by RRIOC in cooperation with the Ministry of Agriculture of
Krasnodar Krai on July 24, 2014 in Krasnodar (Fig. 23). Modern soybean and sunflower
varieties released by RRIOC breeders and best crop management practices were
demonstrated to agronomists and farmers at this event. Agronomists from IPNI
member companies were invited and Dr. A.A. Nazarenko, Uralkali and Mr. A. Andreev,
Uralchem took part in this event.

Fig. 23. Participation in the Krasnodar Regional Field Day on Oil Crops 2014, RRIOC
Research Farm, Krasnodar, Russia (July 24, 2014).
2. IPNI-RRIOC Soybean Round Table Meeting, July 24, 2014, RRIOC, Krasnodar, Russia
IPNI-RRIOC Soybean Round Table Meeting was organized on July 24, 2014 in RRIOC,
Krasnodar (Fig. 24). Dr. F. Garcia and Dr. V. Nosov participated in this joint event.
Scientists from RRIOC and Kuban State Agrarian University and agronomists from
fertilizer producing companies took part in the meeting. Dr. A.A. Nazarenko, Uralkali
and Mr. A. Andreev, Uralchem represented IPNI member companies.
Two presentations were done at the Soybean Round Table Meeting. Dr. F. Garcia
made a key lecture on Nutrient Management for Soybean and Sunflower in Argentina
(translated to Russian by Dr. V. Nosov: http://eeca-ru.ipni.net/article/EECARU-2238).
Researches from RRIOC were very interested in no-till practices and crop nutrition with
micronutrients in Latin America. RRIOC generally doesn’t recommend fertilizer
application to soybean in Krasnodar Krai. Only P fertilizer use is recommended on soils
low in available P. These recommendations are based on low soybean response to
nutrients observed few decades ago. Dr. Nosov made a presentation on IPNI Soybean
Projects in Southern Russia.
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Fig. 24. IPNI-RRIOC Soybean Round Table Meeting, RRIOC, Krasnodar, Russia (July
24, 2014).
3. Krasnodar Regional Field Day on Oil Crops 2015, July 24, 2015, Komsomolskiy,
Korenovsk Distr., Krasnodar Krai, Russia
Dr. V. Nosov participated for the 2nd time in the Krasnodar Regional Field Day on Oil
Crops 2015 traditionally organized by RRIOC in cooperation with the Ministry of
Agriculture of Krasnodar Krai on July 24, 2015 in Komsomolskiy, Korenovsk Distr.,
Krasnodar Krai (Fig. 25). Last varieties of sunflower and soybean released by RRIOC
breeders were demonstrated to agronomists and farmers during this event. BMPs were
also discussed. IPNI conducted a field experiment right in this location (ordinary
chernozem) and Dr. Nosov informed participants on the project goals and demonstrated
soybean research plots. Participants were interested in such crop management
technologies as inoculation and seed treatment with Mo. Importantly to note that an
early maturity soybean variety was selected in 2015 for this location. It is assumed that
early maturity varieties may be much preferable taking into consideration frequent
droughts and high temperatures occurred in late summer. Agronomists from IPNI
member companies were invited and Dr. A.A. Nazarenko, Uralkali and Mr. M.S.
Poltoradnev, Uralchem participated in this event.
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Fig. 25. Krasnodar Regional Field Day on Oil Crops 2015, Experimental Enterprise
Berezanskoye, Korenovsk Distr., Krasnodar Krai, Russia (July 24, 2015).
4. Meetings with leading soybean producers in Southern Russia, September 1, 2015,
Vyselki & Ust-Labinsk, Krasnodar Krai, Russia
Meetings with chief agronomists from two major soybean producing companies in
Southern Russia were organized on September 1, 2015. Two largest agroholdings
growing soybean in Krasnodar Krai were visited including Kuban Agro (Basic Element
Group: www.ahkuban.ru) and Agrocomplex (www.zao-agrokomplex.ru). Mr. M.S.
Poltoradnev, Head, Product Promotion Department, Uralchem, took part in this
program. Soybean nutrient management practices were discussed at these meetings. It
was revealed that both companies do not apply fertilizers to soybean. Inoculation is
done only in one agroholding. Average soybean yields are ranged from 2.0 to 2.2 t/ha
and the average yield level of 3.8 t/ha is achieved under irrigation conditions (without
inoculation). Soils in one agroholding are medium and low in soil available P and Dr. V.
Nosov stressed that soybean productivity may be improved here with an adequate P
nutrition. He also informed chief agronomists on the IPNI soybean project conducted in
the region and they expressed an interest in such results that may be helpful to improve
soybean nutrient management.
5. Presentations
Soybean activities in Southern Russia were described in the following presentations
done by Dr. V. Nosov:
• IPNI Program in Southern and Eastern Russia: Projects. Meeting with Uralchem
Staff, February 17, 2014, Moscow.
• IPNI Soybean Projects in Southern Russia. IPNI-RRIOC Soybean Round Table
Meeting, July 24, 2014, Krasnodar. http://eeca-ru.ipni.net/article/EECARU-2239
• IPNI Program in Southern and Eastern Russia. Meeting with PhosAgro Staff,
October 10, 2014, Moscow.
• S&E Russia: Cooperation with PhosAgro in 2015 and Plans 2016. Meeting with
PhosAgro Staff, December 8, 2015, Moscow.
• S&E Russia: Cooperation with Uralchem in 2015 and Plans 2016. Meeting with
Uralchem Staff, December 8, 2015, Moscow.
Activities for 2016-17
• Continuation of field experiments including water-soluble foliar NPK fertilizers
containing Mg, S, and micronutrients (on request from Uralchem).
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•
•

Participation in the Krasnodar Regional Field Day on Oil Crops 2016 (July),
Komsomolskiy, Korenovsk Distr., Krasnodar Krai, Russia.
Writing two articles for Oil Crops Journal (published by RRIOC) based on 20142015 results.
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3.2. High yield regions
3.2.1. Project “Breaking Soybean Yield Barriers: Integrating Crop
Production Practices & Comprehensive Fertilization Strategies – a
Cropping System Approach”
This is a common project for the US, Brazil, and Argentina. This project is studying
the effects of different farming systems on soybean yield in major production regions of
the Americas. Yield gap, potential minus on-farm yields, is primarily defined by
management practices (M) and their interactions with the environment (E). By selecting
best management practices, farmers can increase yields and close yield gaps. Increasing
seeding rate and narrowing rows are examples of intensification practices that may
have the potential to produce higher yields.
The specific research objectives are to: 1) quantify soybean yields across various
production and fertilization practices, and evaluate the interaction among these
practices 2) quantify the yield gap between common farmer practice and more
intensive systems, 3) measure nutrient uptake and removal across regions and cropping
strategies, and 4) examine nutrient partitioning and movement between soybean plant
organs.
Field experiments have been setup at Scandia (Kansas, US) under dryland and
irrigated conditions (Fig. 26), in Brazil at Itiquira (Matto Grosso) and Ponta Grossa
(Parana), and at Oliveros (Santa Fe, Argentina). All sites are in a soybean-maize rotation.
Experiments at Scandia and Oliveros follow a similar setup with four treatments:
farmer practices (FP), comprehensive fertilization (CF), production intensity (PI), and
ecological intensification (EI = CF+PI); an extra fifth treatment is evaluated at Scandia:
advanced plus (AD). Main differences between FP and PI are on plant population, row
spacing, and fungicide and plant growth regulator use. Comprehensive fertilization
includes inoculation, application of P, K, and S, micronutrients at R3 and N fertilizer at
R1-3.
Experiments at Itiquira and Ponta Grossa follow a similar setup with four
treatments: (1) farmer practices (FP) with recommended fertilizer rates, (2)
comprehensive fertilization (CF) with higher fertilizer rates adjusted to crop removal,
(3-4) production intensity (PI) with higher soil bases saturation using lime and gypsum
or micronutrients foliar application, and (5) ecological intensification (EI = CF + PI).
Main differences between FP and CF are on higher PKS rates and N application as
starter.
3.2.1.1.

Summary of results at Scandia 2014 and 2015

Larger yield gaps were detected in the soybean phase than the maize phase.
Balancing nutrients under narrower row spacing and higher seeding rate produced the
largest yield benefit.
At Scandia in 2014, under dryland, both farmer practice (FP) and comprehensive
fertilization (CF) scenarios presented similar soybean yield (averaging 2278 kg/ha),
differing in 1809 kg/ha as compared with the production intensity (PI) (narrow rows 15”- and superior plant population) and with the high level of inputs [ecological
intensification (EI), and advanced (AD)] (Fig. 27). These last three scenarios, (PI, EI, and
AD), did not differ in the final yield achieved at the end of the season (averaging 4807
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kg/ha). Under irrigated conditions, the farmer practice (FP) and comprehensive
fertilization (CF) presented comparable yield levels, differing in close to 2010 kg/ha as
compared with the treatments intensifying crop production (narrow rows -15”- and
superior plant population). These last three scenarios, production intensity (PI),
ecological intensification (EI), and advanced (AD), did not differ in the final yield
achieved at the end of the season (averaging 5628 kg/ha).

Fig. 26. 2014 field experiments at Scandia (Kansas, US), dryland (top) and irrigated
(bottom).
At Scandia in 2015, the average yield for the dryland condition was 2265 kg/ha
ranging from 1809 to 2546 kg/ha. The irrigated condition yielded in average 4878
kg/ha. In overall, the irrigated condition yielded 114% more than the dryland scenario.
The minimum yield registered for irrigated was 4154 kg/ha for CP, while the maximum
was 5494 kg/ha for AD treatment. There were statistical differences in yield between
treatments. In both conditions (dryland and irrigated) treatments EI and AD showed the
highest yields without presenting statistical differences. The PI treatment documented
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comparable yields relative to EI and AD for the dryland site; while an average yield gap
of 469 kg/ha was recorded under irrigation when PI was compared against the EI-AD
treatments (PI<EI-AD). At both water supply environments, CP and CF recorded the
lowest yield, without statistically differing, relative to the rest of all treatments
evaluated. In summary, in relative terms, dryland presented a larger yield gap from
minimum to maximum yielding treatments (36%, CP-CF vs. PI-EI-AD) relative to the
irrigated environment (24%, CP-CF vs. EI-AD). In absolute terms, dryland presented a
measurable yield gap of 670 kg/ha; while at the irrigated site the gap was two-fold
greater, 1273 kg/ha.
Total aerial biomass at harvest followed the yield trend, it was 62% greater in EI
than CP, as average for both seasons and conditions (Fig. 28). Also, EI showed 76%
higher plant N uptake than CP, and grain N harvest index was 0.81 for EI and 0.73 for
CP.
In both seasons at Scandia, the yield gap documented between the farmer practice
and the intensive use of inputs was in overall 670-2880 kg/ha. Assuming a soybean
price range between 300-350 $/ton, then the total profit per acre can increase in $2011008 $/ha. The use of more inputs can produce an extra cost (seed, fungicide, fertilizer,
and plant growth regulators) of $62-185 per ha. Thus, promoting greater plant
population, narrowing rows, and increasing the use of inputs can increase net profits
and final nutrient utilization.
Further physiological and economic analyses of subsequent growing seasons will
improve the understanding of long-term effects on productivity, and on the
sustainability soybean-maize rotations.
A poster with results of these first two seasons was presented at the 2015 ASA
Meetings (Minneapolis, MN, US) on November 2015 (see Appendix).
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Fig. 27. Soybean grain yield at the Scandia experiments in 2014 and 2015 seasons,
and at Oliveros in the 2014/15 season.
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Fig. 28. Soybean at the 2015 dryland Scandia experiment: CP (left) and EI (right)
treatments at V4 stage.
3.2.1.2.

Summary of results at Oliveros 2014/15

The field experiment at Oliveros evaluated four treatments: common practice (CP);
comprehensive fertilization (CF), or CP plus fertilizer input (N, P, K, S, and
micronutrients) according to official recommendations; production intensity (PI), which
included narrower rows, higher population, but no fertilizer; and ecological
intensification (EI), or PI plus fertilizer input. In the starting 2014/15 season, all
strategies produced grain yield above 5,200 kg/ha, with no differences among
treatments or interaction effects of management practices and fertilization strategies
(Fig. 27 and 29).
Comprehensive fertilization tended to increase grain yields but these increases were
not statistically significant (+204 to 292 kg/ha). Intensive management (average of PI
and CF+PI) increased the number of grains per m-2 respect to standard management
(average of FP and CF) (P <0.01) by 14.5%. Nutritional management had no significant
effect in this component. Grain weight increased by 4% in response to intensive
fertilization (average of CF and CF+PI) compared to standard nutrient management
(average of FP and PI). However, standard practices (average of FP and CF) increased
individual grain weight by 13.5% compared to intensive management (average of PI
and CF+PI) (P <0.001). In summary, increases in seed number (+14%) in response to
intensive management were compensated by a 13.5% increase in individual seed
weight in response to fertilization.
A poster with results of this first season was presented at the symposium Fertility
2015 (Rosario, Argentina) on May 2015 (see Appendix).
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Fig. 29. Soybean plots of the four treatments at Oliveros, 2014/15 season: FP, top
left; CF, top right; PI, bottom left; and EI, bottom right.
3.2.1.3. Summary of results at Ponta Grossa and Itiquira, 2014 and
2015
Field experiments were established in 2014 at Ponta Grossa and in 2015 at Itiquira.
At Ponta Grossa, average yield of soybean was 3,600 kg/ha (range of 3522-3718 kg/ha),
and for the corn phase of the study it was 10,190 kg/ha. At Itiquira, average yield of
soybean was 3,940 kg/ha; while maize as a 2nd crop is under evaluation. Neither crop at
the Ponta Grossa site showed significant response in dry matter accumulation, nutrient
uptake and grain yield to fertilization treatments (Fig. 30).
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Fig. 30. Soybean and maize under different fertilization treatments at Ponta Grossa.
2015 growing season.
3.2.2. Biological N2 fixation
Most of N needs for soybean are supplied by BNF (Salvagiotti et al., 2008). However,
questions remain about the actual quantities supplied and the subsequent impacts on N
balance for the cropping system, and the capacity of the process to cover N demand
under high-yielding environments.
Activities of the WG08 regarding BNF have included:
• A review of papers on the current knowledge of N supply through BNF in
soybean (summary available in the Appendix). Main conclusions of the review
indicate that i) current information does not indicate that BNF would be able to
supply 100% of soybean N needs thus there is a need for an update on the
metadata analysis of Salvagiotti et al. (2008); ii) main divergences on BNF
quantification are on the supply to belowground N which has been scarcely
studied, thus there is a need to emphasize field quantification; and iii) responses
to N fertilization has been erratic and of low frequency.
• Determinations of BNF are being carried out at the experimental sites included
in the Project “Breaking Soybean Yield Barriers: Integrating Crop Production
Practices & Comprehensive Fertilization Strategies – a Cropping System
Approach” (see section 3.2.1.).
• INTA and IPNI organized a workshop for researchers and industry staff at the
Experimental station of INTA at Oliveros (Santa Fe) (Fig. 31). The objective of
the workshop was to discuss N nutrition of soybean under the new
developments on BNF research and its implication for N balances at the field and
regional level. Main proposals for future research included:
o Network on BNF determination under contrasting management and
environmental conditions
o Review and specific field evaluation of roots contribution
o Update on review of BNF in soybean (Salvagiotti et al., 2008)
o Common protocol for BNF determinations in WG field experiments at US
and Argentina
A report on the Workshop discussions has been shared with all the
participants (see Appendix).
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Fig. 31. Participants at the Workshop on biological N fixation in soybean organized by
INTA and IPNI at Oliveros on March 2016.
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4. Soybean portal
A soybean portal has been started at the IPNI website, at
http://www.ipni.net/ipniweb/portal/soybean.nsf (Fig. 32).
The portal includes general information on the crop and its nutrient management as
well as results and deliverables of the WG project.

Fig. 32. Soybean portal at the IPNI website.
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5. Deliverables 2013-2015
•
•
•
•

•
•
•
•
•
•
•

•
•

4R Pocket Guide for Soybean. SSA Program.
Poster on Soybean Production 4R Nutrient Management Practices in Western
Kenya. SSA Program.
Application of the ‘‘4R’’ Nutrient Stewardship Concept to Soybean BMP:
Importance of right rate, time and place. General review paper on soybean
production in SSA. SSA Program.
Wafulaa E., H. Anyanzwab, S. Zingore, G. N. Chemining’waa, N. Karanjac and F.
Baijukyad. 2015. Effect of fertilizer, manure and lime application on N-fixation
potential, yield and economics of soybean grown in soils of different fertility in
Western Kenya. Wageningen Journal of Life Sciences – Elsevier, in press. SSA
Program.
Kayuki C Kaizzi, Byalebeka John, Nansamba Angella, Frederick and Mawanda Ali.
2015. Nutrient omission trial for soybean. Uganda National Agricultural
Research Laboratories Annual Report. SSA Program.
Nutrient Expert Decision Support System, Version 1.0. IPNI China Program
website (http://research.ipni.net/project/IPNI-2014-CHN-NES). China Program.
“Estimating Nutrient Uptake Requirements for soybean in China”. Paper
submitted to PLOS One. China Program.
Round Table Meeting on Soybean Nutrition. July 2014. Belgorod. Central Russia.
EECA Program.
Krasnodar Regional Field Day on Oil Crops 2014 and 2015. Southern Russia.
EECA Program.
Enrico J., F. Salvagiotti and F. O. García. 2015. Breaking Soybean Yield Barriers:
Integration of management practices and fertilization strategies. Symposium
Fertility 2015. Rosario, Santa Fe, Argentina. May 2015. LASC Program.
Balboa G., M. W. Stewart, F. O. Garcia, E. Francisco, F. Salvagiotti & I. A Ciampitti.
2015. Closing Yield Gaps in Corn and Soybean: Impact of Different Management
Practices. ASA-CSSA-SSSA Meetings. Minneapolis, MN, US. November 2015. North
America Program.
Workshop on Biological Nitrogen Fixation on Soybean. EEA INTA Oliveros.
Oliveros, Santa Fe, Argentina. March 2016. NA-Brazil-LASC Programs.
Soybean Portal: This website includes general information on soybean, and
reports of research activities of the WG. All Programs.
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6. Conclusions
After these first 3 years (2013-2015), the main activities of WG08-Soybean Systems
have been:
• Development of extension materials for soybean nutrition management for SubSaharan Africa.
• Release version 1 of Nutrient Expert for Soybean at China.
• Paper “Estimating Nutrient Uptake Requirements for soybean in China” was
submitted to PLOS One.
• Establishment field trials for calibration and validation of Nutrient Expert for
Soybean at India.
• Evaluation of nutrient responses in soybean at Central and Southern Russia.
• Round table discussions at Central and Southern Russia.
• Establishment of field trials to evaluate nutrient and crop management
interactions at Kansas (US), Brazil, and Argentina.
• Review and workshop with researchers on BNF.
• Startup of the soybean portal.
In the next three 3 years (2016-2019), WG08-Soybean Systems activities would
focus on:
• Workshop on Soybean Nutrition Management at SSA.
• Better Crops article on soybean nutrient management implications on the
productivity/sustainability of the entire crop rotation (2018).
• Dissemination and improvement of version 1 of Nutrient Expert for Soybean at
China.
• Release of version 1 of Nutrient Expert for Soybean at India.
• Extension, through meetings, papers and technical articles, of recommendations
of fertilization management for soybean at Central and Southern Russia.
• Publish scientific and technical papers on the integration of nutrition and crop
management practices on soybean yield and resource and input efficiency.
• Publish an updated review of BNF in soybean.
• Collect extensive data on the contribution of BNF for soybean nutrition.
• Participation of the whole WG at a special session on Global Experiences on
Soybean Nutrition, at the 2017 World Soybean Research Conference (10 WSRC
2017) to be held at Savannah, Georgia, US, on 10-15 September 2017.
http://wsrc10.net
• Update of the soybean portal.
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8. Appendix
•
•
•

Africa: Papers, posters, pocket book, and review paper.
China: Paper submitted to PLOSOne.
GBL 62: Posters by Enrico et al. (2015), and Balboa et al. (2015).
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