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Introduction
In tropical region, proper management of agricultural areas is an alternative to increase the levels of
soil organic carbon (SOC), an important issue in the current context of global climate change. Changes
in land use due to deforestation, biomass burning and conversion of natural to agricultural ecosystems
can contribute to the increase of CO2 emissions from soil and to enhance the transfer of soil carbon to
the atmospheric compartment (Lal, 2004). The depletion of soil organic matter is one of the factors
leading to the decline of yield and crop productivity, especially in soils with coarse texture. Under these
conditions, high temperatures in most of the year and lower physical protection of organic matter leads
to a rapid depletion of soil carbon, especially in conditions of intensive use and management, with high
soil disturbance, condition generally related to annual crops under conventional tillage (Six et al.,
2000). In Brazil, in Oxisols with sand content ranging from 0.564 kg kg-1and 0.692 kg kg-1, Wendling et
al. (2005) found negative effects of conventional tillage on the water stable aggregates indexes,
closely correlated with the levels of SOC. Moreover, the cultivation of perennial crops have been one of
the alternatives to short cycle crops to increase the SOC because of the sink capacity of soil organic
matter for atmospheric carbon (Lal, 2004). This study aimed to calculate the stock of soil organic
carbon in a mature “mangabeira” orchard in the coastal region of João Pessoa, Paraíba, Brazil.
Materials and Methods
The study area is located at the Experimental Station of the Paraíba State Enterprise for Agricultural
Research (EMEPA), coordinates 7°11'54"S and 34°48'44"W, average altitude of 28m. The climate is As'
according to Köppen Climate Classification (tropical climate with rain season on fall-winter), with
average annual rainfall of 2,000 mm yr-1and an average annual temperature between 26 and 27°C.
The studied orchard is located on a Entisol (Neossolo Quartzarênico órtico, Brazilian soil
classification equivalent to Quartzipsamment, Soil Taxonomy) cultivated with mangabeira (Hancornia
speciosa Gomez) since 1991. For sampling we selected five trees located between 10 and 20 meters
apart. On each tree, two transects were delimited in a perpendicular way, and the points were marked
according to the distances of 1m, 2 m and 3 m from the stem of trees. At each point, we collected soil
samples with deformed and undisturbed structure in five depths (0-10 cm, 10-20 cm, 20-30 cm, 30-40
cm and 40-50 cm). Soil fertility attributes were determined, such as pH, P, K, Na, Ca, Mg and Al (Table
1).
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Table 1. Fertility attributes and soil density (BD) in an Quartzipsamment with duripan cultivated with
mangabeira orchard in João Pessoa, PB, Brazil.
Depth (cm)

P (mg dm-3)

pH

Ca2+

Mg2+

Al3+

0-10
10-20
20-30
30-40
40-50

93
77
57
52
76

5.3
5.4
5.6
5.6
5.6

-3
(cmol
0.5 c dm )
0.4
0.4
0.4
0,4

-3
(cmol
0.3 c dm )
0.2
0.2
0.2
0.2

-3
(cmol
1.4 c dm )
1.4
1.1
0.9
1.1

BD
(g cm-3)
1.3
1.4
1.3
1.3
1.3

The soil organic carbon stock was determined considering each sample depth range, from the results of
soil organic carbon (SOC) and bulk density (BD), according to the expression: Carbon stock = SOC x BD
x e/10, in which "e " is the thickness of the layer considered.
Results
The analysis of variance demonstrated a highly significant effect of sampling depth on soil carbon
stocks (p <0.000), with greater average storage of organic carbon in the two surface layers (up to
20cm) compared to the deeper layers (from 20 to 50 cm). The average carbon stocks in soil depths
(layers of 10 cm thick) ranged between 12.05 and 22.01 Mg ha-1. The average cumulative carbon
stock within 50 cm depth was 82.95 Mg ha-1, of which 42.17 Mg ha-1 are included in the first two layers
(0-20cm), which corresponds to 50.8 % of total soil organic carbon stored up to 50 cm (Table 2).
Table 2. Soil organic carbon stocks in an Quartzipsamment with duripan cultivated with mangabeira
orchard in João Pessoa, PB, Brazil.
Depth (cm)
0-10
10-20
20-30
30-40
40-50
0-50

SOC stocks (Mg % of
total
Cumulative
SOC stocks (Mg ha-1)
-1
ha )
22.01 a
26.5
22.01
20.16 a
24.3
42.17
14.55 b
17.5
56.72
12.05 b
14.5
68.77
14.18 b
17.1
82.95
82.95
100.0
-

Cumulative %
26.5
50.8
68.4
82.9
100.0
-

Same letters in column indicate means that do not differ significantly by the Tukey test at 5% probability.
Discussion
The frequent additions of mangabeira orchard fresh residues on the soil surface and soil water regimes
favored by the presence of duripan layer made possible the maintenance of relatively high levels of
soil organic carbon. Carbon stocks in this Quartzipsamment are consistent with values found even in
soils with higher clay contents, as in the case of Oxisols from the Central Plateau of Brazil. In this
situation, D'Andrea et al. (2004) evaluated the carbon stocks in an Oxisol of the Cerrado region
under native vegetation, conventional tillage and no-till, finding values between 58.70 and 69.86 Mg
ha-1 (accumulated in the 0-40 cm layer), comparable to the present study (68.77 Mg ha-1 accumulated in
the 0-40 cm layer, Table 2). The results indicate that it is possible to maintain a reasonable storage of
soil organic carbon in tropical environment, even in sandy soils, as in the case of areas cultivated
with perennial crops, contributing to the settlement of soil carbon and reducing its loss in the form of
carbon dioxide resulting from the decomposition of soil organic matter.
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Residue Management in Pulse Intercropping -A Precursor for
Soil Quality Improvement in Rainfed Regions
Ummed Singh*, Narendra Kumar, C.S. Praharaj, K.K. Hazra and M. Senthil Kumar
Indian Institute of Pulses Research, Kanpur, Uttar Pradesh, India-208 024
singhummed@yahoo.co.in
Key words: Intercrop, Pulse Residue, SMBC, Soil Quality
Crop residues added through growing food crops accrues substantial benefits in terms of SOC and
conservation of resources including recycling of nutrients (Venkatesh at al. 2013). Besides their diverse
uses through food for human, feed and fodder for ruminants, wastes for composting and burying in-situ
and mulches as soil cover; addition of crop residues and/or minimum tillage sustains crop productivity
and restores soil fertility. An analysis suggests that India generates around 500 million tonnes of crop
residues every year retaining substantial amount of mineral nutrients as a component for crop uptake. For
example, in cereals alone around 25% of N & P, 50% of S and 75% of K uptake are retained back in
residues, and are subjected to further recycling as a valuable source of nutrients in soil. In pulses however,
its residue add more nutrients in soil compared with cereals due to low C: N ratio. Pulses, like pigeonpea
and chickpea also add substantial biomass through leaf fall and plant residues resulting in long-term
improvement in soil quality and productivity of crops. This is further enhanced through conservation of
soil moisture through incorporation of above ground biomass and mulching (Wilhelm et al. 2004).
Therefore, soil organic matter is important in relation to soil fertility, sustainable agricultural systems, and
crop productivity, and there is concern about the level of organic matter in many soils, particularly with
respect to global warming (Venkatesh at al. 2013). Long-term experiments since 1843 at Rothamsted
provide the longest data sets on the effect of soil, crop, manuring, and management on changes in soil
organic matter especially under temperate climatic conditions. Trends in long-term crop yields also show
that as yield potential has increased, yields are often larger on soils with more organic matter compared to
those on soils with less.
Under arid and semi-arid conditions of India, declined soil quality as a result of deteriorated soil fertility
associated with low soil organic carbon (SOC) and limiting soil moisture (LSM) is thus, the major
constraint in realizing higher productivity of crops (Praharaj 2013). In rainfed agro-ecology, monsoon
crops are dependent on rainfall water while the succeeding fall planted crops are dependent on residual
soil moisture, reinforced sometimes with one or two supplementary irrigations. Under the above situation,
short duration crops, like sorghum, pearlmillet, mungbean, cowpea and cluster bean followed by
chickpea, lentil, mustard and barley during fall are preferred due to their satisfactorily yield levels. In
addition growing of a pulse intercrop like, cowpea, green gram and black gram in a cereal system could
supplement the sole crop yield besides acting as an insurance against aberrant weather situations
(Johnston et al. 2009).
A recent study carried out during 2012-13 at Indian Institute of pulses Research, Kanpur under IndoGangetic plains of India suggests that higher pearl millet equivalent yield (PEY) was recorded when the
cereal component is intercropped with green gram (PEY of 3612 kg/ha) and cowpea (3227 kg/ha) over
the sole cereal (2635 kg/ha) crop. Improved moisture conservation practices also results in higher relative
leaf water content (RWC, 62.2%) at 90 days in fall planted chickpea under the combined practice of
mulching and one supplemental irrigation (similar to the combined effect of mulching + two irrigations).
Similar benefits are also observed under adequate crop nutrition (recommended crop nutrition).
Improvement in soil physico-chemical (decrease in bulk density and soil penetration resistance, and
increase in water holding capacity) and biological properties (soil microbial biomass carbon up to 450
µg/g soil and dehydrogenase activity up to 21 µg TPF/24 hr/g soil) inclusive of higher residual nutrient
status (available N, P, K, S, Zn and Fe and organic carbon for chickpea) are also evident under

5

incorporation of green gram and cowpea crop residues. Among intercropping system highest SMBC was
observed when bajra intercropped with cowpea followed by bajra+greengram and least under bajra sole
(Fig. 1). Study also suggests that addition of organic manure has a greater impact on the biomass C and
activity, compared to mineral fertilizers. Increased dehydrogenase activity by mineral N fertilizer was
also reported in several other studies (Wilhelm et al. 2004).
The above study substantiates the role of pulse intercropping as a Good Agricultural Practices (GAP) in
improvement in soil quality and crop productivity. Evidence from farmers’ filed those who have been
incorporating straw for some years invariably suggests that there has been a benefit in terms of ease of
ploughing. Possibly incorporation of crop residues by inversion or noninversion tillage prevents the soil
becoming seriously compacted (Wilhelm et al. 2004).
600

443
376

400

213
200

0

Sole Bajra

Bajra+Cowpea Bajra+Greengram

Fig. 1. Influence of pulse intercrop on soil microbial biomass C (mg/kg soil)
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Crop Rotations with Annual and Perennial Forages under No-Till Soil
Management: Soil Attributes, Soybean Mineral Nutrition, and Yield
Walter E. Riedell and Shannon L. Osborne
USDA-ARS, North Central Agricultural Research Laboratory 2923 Medary Avenue
Brookings, South Dakota 57006 USA walter.riedell@ars.usda.gov
Background
Row crops grown in extended rotations that contain multiple years of perennial forages often produce
greater yield than row crops grown in monoculture or short 2-yr rotations (Riedell et al., 2009). There is
little information in the literature that details how soybean yield and seed composition respond to diverse
crop rotations that include forages under no-till soil management. Study objectives were to measure
responses of soil chemical and physical properties as well as soybean yield and seed components to four
rotations of increasing crop diversity [soybean-maize 2-yr rotation (S-C); soybean-spring wheat-maize 3yr rotation (S-W-C); soybean-oat/pea hay-maize 3-yr rotation (S-H-C); and soybean-oat/pea hay
companion seeded with alfalfa-alfalfa-alfalfa-maize 5-yr rotation (S-H/A-A-A-C)].
Results
Soils under the 5-yr S-H/A-A-A-C rotation had 129 kg ha-1 preseason residual NO3-N concentration
while the other rotations averaged about 65 (Table 1). The 5-yr rotation also had lower bulk density than
the 3-yr S-H-C with the 3-yr S-W-C and 2-yr S-C intermediate. Soybean seed yield was about 10%
greater in the 5-yr rotation than in the other treatments. Kernel protein was 3% greater under the 5-yr
rotation than under the 2-yr S-C rotation while the others were intermediate (Table 2).
Applications and Implications for Conservation Agriculture
Changes in soil chemical and physical properties under rotations that include perennial forages may play
an important role in increasing soybean seed yield and enhancing seed protein. Because of high preseason
soil NO3-N levels, however, these soils may also be susceptible to NO3-N leaching.
Experimental Approach
Four crop rotation treatments, initiated in 1997, were arranged in a randomized complete block
experimental design with four replications. Data were collected from soybean phase in 2009 and 2010.
Inoculated soybean seeds were planted (407,000 seeds ha-1 in 51 cm rows) on 20 May 2009 and 24 May
2010. Soil samples were taken to a depth of 60 cm during late fall of the preceding year. Residual soil
NO3 -N was measured on 0- to 60-cm core segments while soil bulk density was measured on the 0- to
15-cm core segments and. Soybean seed yields (100 g kg-1 moisture content basis) were measured with a
research plot combine. Seed protein was estimated with near infrared reflectance spectrometry and seed
Zn measured with a ICP-AES. Soil and seed data were analyzed with PROC GLIMMIX in SAS. Results
and Discussion
Soils under the 5-yr S-H/A-A-A-C rotation had significantly greater residual NO3-N concentration in the
top 60 cm than the other rotations (Table 1). This observation confirms that N mineralization from alfalfa
residue can carry over into the second year following alfalfa (Vanotti and Bundy. 1995). Soil bulk density
in the 0 to 15 cm depth was lower in the 5-yr S-H/A-A-A-C rotation than the 3-yr S-H-C rotation, while
those for the 3-yr S-W-C and 2-yr S-C rotations were intermediate (Table 1). For rotations that contain
alfalfa, soil macropores that form after alfalfa root decomposition often extend deep into the soil profile
and could provide pathways for NO3-N leaching below the root zone (Robbins and Carter, 1980).
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Table 1. Residual soil NO3 -N and bulk density (BD) under different crop rotation treatments. Values
represent data combined across both years of the study.
Rotation
BD
NO 3 -N
kg ha-1
g cm3
60 b‡
S-C
1.38 ab
S-W-C
69 b
1.39 ab
S-H-C
65 b
1.46 a
S-H/A-A-A-C
129 a
1.35 b
‡ Means followed by the same letter within columns are not significantly different
(Tukey-Kramer grouping for least square means, α=0.05).
Soybean seed yield was about 10% greater in the 5-yr S-H/A-A-A-C rotation than in the other
treatments. Kernel protein was 3% greater and kernel Zn was 11% greater under the 5-yr rotation than
under the2-yr S-C rotation while the others were intermediate. In comparing the 5-yr and the 2-yr
rotations, increased seed yield in the 5-yr rotation was accompanied by increased seed protein.
Soybean seed yield and seed protein have also been observed to increase in response to N fertilizer
application to soybeans (Adeli et al., 2005). Thus, increased soil NO3-N in the 5-yr rotation likely
increased soybean seed yield and protein concentration. Because there is no literature available that
examines soybean seed Zn concentration in response to N fertilizer or increased soil NO3-N under notill field conditions, further research would be needed to understand the physiological mechanisms for
crop rotation effects on Zn.
Table 2. Soybean yield and seed concentrations of protein, oil, and Zn from plots managed under
different crop rotation treatments. Values represent data combined across both years of the study.
Rotation
S-C†
S-W-C
S-H-C
S-H/A-A-A-C

Yield
kg ha-1
2761 b‡
2859 b
2720 b
3044 a

Protein
g kg-1
358 b
361 ab
364 ab
368 a

Zn
mg kg-1
26.6 b
27.7 ab
27.3 ab
29.8 a

‡ Means followed by the same letter within columns are not significantly different
(Tukey-Kramer grouping for least square means, α=0.05).
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Conservation Agriculture as Alternative to Reduce Impact of Climate Change
for Smallholder in North Africa: Tunisian Case
*Hatem CHEIKH M’HAMED, Houcine ANGAR, Mohamed ANNABI
* Corresponding author: hatemcheikh@yahoo.fr / National Institute of Agronomic Research of
Tunisia (INRAT), Laboratory of agronomy, Hedi Karray street, 2049 Ariana, Tunisia
Phone: +216 98 579 788 / fax: + 216 71 752 897
Background
Tunisia is located in North Africa, on the border of the Mediterranean. A big part of Tunisia have
semiarid and arid climates, which are marked by extremes in daily high and low temperatures, with hot
summers and cold winters, and little rainfall approximately 200 to 400 mm per year for semiarid regions
and less than 100 mm per year for desert regions (Radhouene, 2013). Tunisia is vulnerable to climate
change impacts (Vicente-Serrano, 2006) and has been qualified as the « hot spot for climate change»
(Giorgi, 2006). Water scarcity, even in the absence of climate change, will be one of the most critical
problems facing North African countries and especially in Tunisia in the next few decades (Ashton,
2002). Water is at the heart of the main expected impacts of climate change on the natural environment in
the Mediterranean (El-Quosy, 2009). According to the simulations made by climate specialists on the
basis of the IPCC scenarios (GTZ, 2007), the dramatic effects of climate change will be observed in
Tunisia. However, they show that: i) the annual average temperature will increase by 1.1°C by 2030 and
that at the 2100 horizon, a potential increase of the temperature from 1.3 to 2.5 °C, and an elevation of the
sea levels from 38 cm to 55 cm will occur , ii) the number and intensity of droughts will increase, iii) 28%
of water resources will decrease by 2030, iv) The loss of groundwater reserves in particular will become a
problem, v) 20% loss in arable cropland by 2030, and vi) substantial increase in the vulnerability of
ecosystems. The decrease in annual precipitation that is predicted for Northern Africa in the 21st century
will exacerbate these effects, particularly in semiarid and arid regions that rely on irrigation for crop
growth (Hulme et al., 2001). Conservation Agriculture (CA) practices has been proposed as an adapted
set of management principles that assures a more sustainable agricultural production (Verhulst et al.,
2012), and can also contribute to making agricultural systems more resilient to climate change. In many
cases, conservation agriculture has been proven to reduce farming systems’ greenhouse gas emissions and
enhance their role as carbon sinks in order to improve soil health and structure holds the key to improving
water use efficiency (WUE) which leads to improved farm profits and benefits the farm environment.
Also, CA is as an approach to farming that seeks to increase food security, alleviate poverty, conserve
biodiversity and safeguard ecosystem services.
Results
Results showed that for the three cropping season, the grain yield, Total Dry Matter (TDM), grain Water
Use Efficiency (WUE-g) and biological Water Use Efficiency (WUE-b) of durum wheat under CA
system were increased compared to conventional tillage. However, under CA system and for the second
crop rotation (Durum wheat/Faba bean), Durum wheat had the highest WUE-g (8,24 kg/ha/mm) and
WUE-b (19,69 kg/ha/mm) than for the first crop rotation (Durum wheat/Durum wheat) tested, with
respectively 7,74 kg/ha/mm and 18,28 kg/ha/mm for WUE-g and WUE-b.
Applications and Implications for Conservation Agriculture
Conservation agriculture (CA) has been proposed as an adapted set of management principles that assures
a more sustainable agricultural production. It combines the following basic principles: i) reduction in
tillage, ii) retention of adequate levels of crop residues and permanent soil surface cover, iii) Crop
diversification and use of adequate crop sequences. These CA principles allow to increase water
infiltration and to reduce in water evaporation and erosion (Ma et al. 2006). CA based on no tillage
system and crop residue retention gives positive control of surface water (Bachmann and Friedrich 2003)
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and increase plant available water in arid and semi-arid rainfed agriculture, and may lead to enhanced
water use efficiency (WUE) by crops. Also, CA based on no tillage system alters the partitioning of the
water balance, decreasing soil evaporation and increasing transpiration, infiltration and deep percolation,
leading to increased yields and WUE (Wang et al. 2004).
Experimental Approach
The experiment was carried out on farm located 30 km from Tunis, Tunisia (36° 36' 37,3'' N Lat, 10° 0,8'
30,7'' E Long, 65 m asl), during three cropping seasons (2007/2008, 2008/2009 and 2009/2010). The
climate is semi-arid and the annual rainfall average is about 400 mm. The soil had a clay texture with 180
mm m-1 total available water. The biennial rotation was tested [Durum wheat/ Durum wheat (W/W),
Durum wheat/ Faba bean (W/F)]. Soil water balance and crop water uptake was determined (soil moisture
was measured under different soil depth using gravimetrically method each month). At the harvest, the
TDM and yields compound of durum wheat were determined.
- Biological Water Use Efficiency (WUE-b) = Total dry matter/ETR (kg/ha/mm)
- Grain Water Use Efficiency (WUE-g) = Grain yield/ETR (kg/ha/mm)
An analysis of variance for all measured parameters was made, using Statistical Analysis System software
(SAS, 1985).

Results and Discussion
Results of this study were given in the table below (table 1).

Cropping
season

2007-2008

2008-2009

2009-2010

Grain yield
(kg/ha)

TDM
(kg/ha)

WUE-g
(kg/ha/mm)

WUE-b
(kg/ha/mm)

Treatmen
t

W/W

W/F

W/W

W/F

W/W

W/F

W/W

CA

2800a

3100a

6900a

7500a

7.36a

8.15a

18.15a

19.73a

CoA

2600b

3300b

6300b

7950b

6.19b

7.85b

15.00b

8.92b

LSD(0.05)

175

266

320

0.15

0.28

1.13

CA

3200a

3420a

7600a

8050a

8.08a

8.50a

19.00a

CoA

3000b

3460a

7250b

8100b

6.66b

7.55b

16.15b 18.00b

LSD(0.05)

192

210

320

460

0.36

0.42

CA

3050a

3430a

7300a

8080a

7.14a

8.09a

17.38a

19.23a

CoA

2980a

3640a

7280a

8250a

6.52b

7.82a

15.82b

7.93b

LSD(0.05)

160

202

380

500

0.41

0.38

193

W/F

1.41
20.12a

1.32

1.18

0.95

CA: Conservation agriculture; CoA: Conservation Agriculture; W: Durum wheat; F: Faba bean; TDM:
Total Dry Matter; LSD: Least Significant Difference
Results of three years of experimentation showed that under CA system, the average grain yield (3000 kg
/ ha) and TDM (7266 kg/ha) of Durum wheat were better than conventional agriculture (2800 kg /ha and
6940 kg/ha), respectively for grain yield and TDM for the first crop rotation (W/W). However, for the
second crop rotation (W/F) , the average grain yield and TDM were higher under conventional agriculture
compared to CA system, with respectively (3500 kg/ha , 8100 kg/ha) and (3300 kg / ha , 7870 kg/ha ) . In
fact, grain yield and TDM of Durum wheat conducted under conventional agriculture were improved

10

1.22

compared to those under CA system, which is probably because the biomass yield of the previous crop
(Faba bean) was more important under conventional agriculture than CA. Grain Water Use Efficiency
(WUE -g) and biological Water Use Efficiency (WUE -b) under CA system increased compared to
conventional agriculture for both crop rotations tested. Improvement of WUE - g under CA compared to
conventional agriculture are 15%, 18% and 10%, respectively for the years 2007/2008, 2008/2009 and
2009/2010 for the first rotation tested (W/W). However, a smaller improvement is recorded when the
durum wheat is grown in succession of faba beans under CA compared to conventional agriculture. This
improvement was 4%, 12% and 5%, respectively for the years 2007/2008, 2008/2009 and 2009/2010.
Also, same results were recorded for the case of WUE -b.
This finding confirms that CA practices improves WUE and proposed as set adapted that contribute to
making agricultural systems more resilient to climate change in semiarid and arid regions, especially as
water scarcity , in the odd lack of climate change, will be one of the most critical problems of Tunisia.
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Introduction
Provision of permanent soil cover is a key requirement for conservation agriculture (CA) and at least 30%
residue cover is recommended at the time of seeding (Kassam and Friedrich, 2012) . Smallholder farms
of Southern Africa face serious constraints in implementing this principle due to competition for residues
as mulch and as livestock feed (Valbuena et al., 2012), and removal of surface applied crop residues
through termite consumption. Termites (Isoptera) are soil borne macro-fauna known to cause both
beneficial and harmful effects on crop production (Sileshi et al., 2005). This paper reports on studies
carried out to evaluate the effects of different residue application rates in Zimbabwe and the effectiveness
of different termite management/control strategies in CA systems in Manica province of Mozambique.
Materials and Methods
To better understand the effects of residue application in CA on termite prevalence, experiments were
established in 2008 in Kadoma, Zimbabwe. Different maize residue application rates of 0, 2, 4 and 6 t ha-1
in CA were compared against conventional mouldboard ploughing(CMP) planted to maize and monitored
over two cropping seasons on 3 farms. The experiment was laid out in a completely randomized block
design with 3 replications per farmer. Later, two further studies were established in Manica province of
Mozambique in 2012. The first of these involved a rainfed experiment in which 11 different termite
management strategies were tested from 2011 to 2013 while the second experiment tested the same
management methods under different irrigation watering regimes mimicking different rainfall seasons at
Sussundenga research station, Mozambique. The treatments included conventional ploughing, CA with
and without residue application, CA plus residues together with various natural control chemicals as well
as one commercial product Fipronil. These were set up in completely randomized blocks with 4
replicates per treatment. Main measurements included termite activity, crop lodging and maize grain
yields.
Results and discussions
The major termite species observed at the Mozambican locations were the Odontotermes spp while in
Kadoma, Zimbabwe, it was mainly the Macrotermes spp and Odontotermes spp. Results from Kadoma
generally showed lower termite numbers per m2 in the conventional mouldboard ploughing treatments
compared to CA. In addition, significantly higher crop lodging was observed in CA systems (42-48%)
compared to CMP (30-34%) in both seasons. Within CA systems, termite abundance also increased with
increasing residue application rates, giving a significant (p=0.01) linear regression relationship ( Figure
1). Significantly higher maize yields were also observed under CA (p<0.05) compared to CMP.
Similarly, results from Sussundenga (Figure 2) and Chimoio showed that reduced soil disturbance and
provision of residues as surface soil cover, contributed to increased termite activity in CA systems
(p<0.05). In addition, at Chimoio reduced termite activity was also observed from plots treated with a
commercial insecticide Fipronil Thus, of all the control methods tested, only the commercial product
Fipronil proved to be effective in reducing termite activity and resulted in at least 1.5 tha-1 of residues
remaining in the system by the start of the 2013/14 season at Chimoio (Figure 3). However the termite
management methods had no significant effect on maize yields at both Mozambican locations.
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Figure 1. Effects of residue
application rates on termite
numbers per m2 in Kadoma over
two seasons (2008/9 and 2009/10)
under CA. Note: Error bars denote +/SE of Mean.

Figure 2. Overall effects of different termite control strategies over
3 irrigation watering regimes on % surface area with termite
galleries at Sussundenga experiment station in 2012. Note: Treatments in

Figure 3. Effects of different termite control strategies on
residues remaining at the start of the season at Chimoio as at
28 November 2013. Note: Treatments in the graph followed by the same

the graph followed by the same letter above each bar are not significantly different at
p<0.05 using Duncan’s Multiple Range Test.

letter above each bar are not significantly different at p<0.05 using Duncan’s
Multiple Range Test.

Conclusion
We concluded that application of crop residues and reduced soil disturbance in CA were major
contributors towards termite infestation challenges experienced in CA systems. On the other hand all the
tested termite management strategies applied in Mozambique had no significant effect on crop lodging
while in Zimbabwe crop lodging due to termite attack increased on switching from conventional
ploughing to CA. All the tested control methods failed to work except for a commercial product Fipronil,
that enabled retention of at least 1.5t/ha of maize residues by November 2013 in Mozambique and thus
offered a potential solution to termite control in such environments. The need to develop alternative
strategies for managing termites in order to retain surface residues in termite prone/infested environments
under CA is apparent.
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In 2013, Manitoba Agriculture, Food and Rural Development (MAFRD) and Agriculture and Agri-Food
Canada (AAFC) held a number of in-field and classroom workshops on soil and water management. The
workshop hinged on three main principles: water and nutrient movement through the soil and landscape,
improving soil physical properties, and how to build and maintain soil health. A variety of extension
tools were used to help demonstration how to address common soil management issues to maintain or
enhance the health of our soils. The following is a list of successful demonstrations that have since
become a key part of our soil management extension program.
Soil Aggregate Stability
Aggregate stability was demonstrated using a “dip test” where aggregates from three similar soils of
different cropping histories were placed in small sieves and dipped in water repeatedly. For these
demonstrations, we typically used three soil types, a heavy clay, a clay loam, and a sandy loam soil. Each
one of these soil types had aggregates taken from a conventionally tilled, zero tilled and native prairie or
long term perennial cropped soil for comparison. In each case, the impact of the perennial in the cropping
system did more for aggregate stability than just the zero tillage alone. Creating good aggregate stability
is an important part managing for healthy soils as they are better able to withstand negative forces such as
wind, water and tillage.
Soil Slaking
Soil slaking was observed by subjecting air-dried clods of soil to a rapid wetting process. Again, clods
were collected from varying management systems for the slaking comparison. The clods were placed at
the top of a glass cylinder filled with water, held in place by a piece of wire mesh so that the clods were
fully submerged but not allowed to drop to the bottom of the cylinder. As water rushed into the soil
pores, the more stable soil was able to withstand the pressure, while the particles of the less stable soil
“slaked” off into the water.
Surface Crusting
Surface crusting (especially with canola) was an issue for many producers in the spring of 2013 as we
experience some heavy rains after seeding followed by hot sunny days. To demonstrate the impact of
crusting, soils with low organic matter and poor aggregate stability were placed in aluminum pans, seeded
with small rows of wheat, canola, corn and soybeans, heavily wetted and then left to bake in the sun. A
comparison soil with a low potential for crusting was also subjected to the same process. The impact of
crusting was easily seen when very few seedlings emerged compared to the non-crusting soil.
Water Infiltration
Following the USDA Soil Quality Test Kit Guide (2001) protocol, PVC rings approximately six inches in
diameter were inserted into soils of two different management systems. The management systems begin
compared depended on the location of the field workshop; however, for the most part, we were able to
compare between perennial and annual cropping systems. The inside of the ring was lined with plastic
wrap and approximately one inch of water was poured on top. The plastic wrap was removed and a timer
used to compare how long it took for the water to fully infiltrate for each of the management systems.
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Infiltration rates were generally higher in the perennially cropped soils, except for areas with heavy wheel
traffic.
Rooting Viewing Boxes
Root viewing boxes (Trent, 2009) were constructed so producers and agronomists could visually inspect
how roots move through the soil as the plant develops. The most common comment that we received
during the early stages of crop growth was “I can’t believe the roots are actually deeper than the plant is
tall!” These root viewing boxes have been an excellent addition to our extension products and we plan to
use them in the future to demonstrate the impact of soil compaction and other problematic growing
conditions on root growth.
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Background
The soil’s main source of organic matter is above- and below-ground plant residue. This plant residue,
following the decomposition process, serves as a binding agent to hold soil particles together forming
aggregates and increase soil C storage (Jastrow et al., 1997). Soil organic matter serves in stabilizing soil
particles (aggregation), assists in supplying plant available nutrients, increasing water holding capacity,
and helping reduce soil erosion. Particulate organic matter (POM) is the microbially active and labile
fraction of SOM consisting of fine particles of partially decomposed plant tissue (Cambardella et al.,
2001) and is what soil aggregates have been found to form around (Gale et al., 2000). Golchin et al.
(1994 and 1995) found POM has a greater effect on stability of soil aggregates than total SOM (tSOM),
because these plant and root materials have a cohesive effect on soil particles. Six et al., 1998 found that
coarse intraaggregate POM (cPOM) is tied to the amount of aggregation occurring whereas fine
intraaggregate POM (fPOM) increases with decreasing rate of aggregate turnover.
Applications and Implications for Conservation Agriculture
Cropping system, residue and tillage management impact POM, thus are anticipated to also impact
aggregation. The proportion of wind EF of aggregates (<1 mm) was larger under residue removal and notillage (Singh and Malhi, 2006) than under tillage and all residue removed. Practicing no-tillage without
removing crop residues allows for greater increases in soil aggregation compared to no-tillage with
residue removed (Branco-Canqui and Lal, 2009). Soil aggregation can serve as indicator of soil quality or
soil health. Healthy productive soils are necessary to meet the multiple demands placed on soil resources.
The objective of this paper is to evaluate the impact of removing corn residue on specific soil physical
properties including soil DASD, EF, SOM and POM.
Experimental Approach
In the spring of 2000, a corn-soybean rotation experiment was established at the North Central
Agricultural Research Laboratory near Brookings, SD. Treatments initially included removal of corn
residue at three levels: low, medium and high residue removal (LRR, MRR and HRR respectively. In the
fall of 2005 the residue removal treatments were split and a cover crop treatment (with or without cover
crop) was integrated into the overall design, thus adjusting the experimental design from a randomized
complete block design to a split-plot design, with residue removal remaining as the whole-plot treatment
and cover crops representing the split-plot treatment. Additional experiment details are reported in
Hammerbeck et al. (2012). Soil samples were collected July, 2012 from all plots. Using methods
outlined by Chepil (1962), DASD was determined using a rotary sieve to separate the soil into six
aggregate size classes representing <0.42, 0.42-0.84, 0.84-2.0, 2.0-6.4, 6.4-19.2, >19.2 mm respectively
and the mass of soil in each class was determined relative to its original sample weight. From each
aggregate size class, two representative subsamples were collected and further processed in preparation
for POM, and SOM. Data for all soil parameters was evaluated utilizing SAS version 9.3 with residue
removal and cover crops considered as fixed effects and replications considered a random effect. Mean
separation and multiple comparisons were obtained with a LSMEANS statement within PROC MIXED.
Significance for all data is reported at P ≤ 0.05.
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Results and Discussion
Particulate organic matter and organic C are indicative of SOM. The importance of organic matter on the
chemical, biological and physical properties have been well documented. Above ground biomass serves
as a significant contribution to SOM therefore, it is not surprising that we found a decrease in measured
soil physical properties when residue was removed from the soil surface. The distribution of soil
aggregates was less favorable when residue was removed without the addition of other sources of organic
matter such as cover crops. The EF was more than twice as large in the HRR (16.1%) treatment as in the
LRR (7.5%), with the presence of a cover crops and even higher when there was no cover crop present
(30.7% for the HRR compared to 8.5% for the LRR). The presence of a cover crop within the HRR
treatment found a 50% reduction in the EF compared to no cover crop present (30.7 to 16.1%). We
believe that the residue remaining on the soil surface or the presence of a cover crop provided protection
from the erosive forces of wind and water, reducing the breakdown of larger aggregates into smaller
aggregates that are susceptible for wind erosion.
Amounts of SOM, cPOM, fPOM and tPOM consistently decreased as a greater amounts of
residue are removed from the soil surface. These organic matter components are short-term indicators of
potential further degradation of the soil structure, as organic matter levels affect soil aggregation, soil
water availability, nutrient storage and release, and the cation exchange capacity of the soil, and have a
further cause-and-effect relationship with an array of soil health properties (Magdoff and Weil, 2004).
This research supports the concepts of the disruption in aggregate formation and the breakdown of larger
aggregate when adequate crop residue is removed from the soil surface previously discussed by
Hammerbeck et al., 2012 and Blanco-Canqui and Lal, 2009. We believe that the reduction of POM found
within this research sites disrupted the formation and continuation of the cycling of aggregation. Six et
at., 1998 stated that aggregate formation is of central importance in the stabilization of SOM,
management processes that interrupt the formation and stabilization of aggregates (such as residue
removal) should be avoided. Without the addition of organic matter, such as incorporating a cover crop,
to replace the C removed, soil physical properties measured within this study were negatively impacted.
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Background:
Soil health is vital for sustainable agroecosystem management and ultimate survival on planet earth. In
North Dakota, activities to build soil health have intensified across the state. The use of cover crops
along with reduced tillage, and crop diversity is being used to build soil health and soil quality and has
been effectively promoted and widely adopted throughout North Dakota. Increased intensity of the
integration of conservation practices and cover crops in agricultural systems has been driven by
concurrent interests to reduce commercial inputs and build soil health in crop, pasture, and grazing lands
as well as pollinator habitat. Enhanced soil properties associated with soil health is a benefit from the use
of cover crops, crop diversity, and best management practices on rangeland and pastureland, which is
critical in addressing resource concerns such as depleted soil fertility, lack of soil biological diversity,
increased salinity, and poor water infiltration rates. Several demonstration projects throughout North
Dakota have been initiated to evaluate the use of cover crops in cropping and/or grazing systems. These
projects involve the testing of new simple soil testing methods and soil biological methods to better assess
management effects on soil function resulting from improved conservation practices. Outreach via field
tours, workshops, and small around-the-table discussion groups have been a key component in education
and implementation. These demonstration projects have also drawn people from all over the world to
observe, learn, and exchange ideas about soil health building techniques. This poster provides an
overview of key demonstration projects including data generated from some of the projects and ongoing
research in North Dakota.
Applications and Implications for Conservation Agriculture:
Improving soil health awareness, educating producers and others about building soil health, and
experimenting with various management systems that apply soil health building principles in a nonresearch environment is a key driver for establishment of demonstration areas. Soil health principles used
to improve soil function include keeping the soil covered to minimize soil erosion, minimize soil
disturbance, increasing crop diversification, maintaining live plant cover as much as possible, and
livestock integration. Demonstration sites employ various combinations of these principles to show
techniques to restore soil health and move production agriculture toward sustainability. In addition to the
demonstration projects, researchers at the United States Department of Agriculture Agricultural Research
Service Northern Great Plains Research Lab (USDA-ARS-NGPRL) and North Dakota State University
(NDSU) Extension are quantifying benefits and identifying issues associated with cover crop use in
cropping and grazing systems, as well as developing cover crop decision aids. These are on-going efforts.
Experimental Approach:
The demonstration sites were designed to test various techniques to build soil health and soil quality and
compliment on-going research by USDA-ARS-NGPRL, NDSU, and the USDA Natural Resources
Conservation Service (NRCS) Plant Materials Centers National Cover Crop project initiated in 2012. On
all demonstration sites, soil samples are collected and analyzed for select soil chemical, physical, and
biological properties such as soil microbial biomass, aggregate stability, soil bulk density, soil organic
and inorganic carbon and nitrogen, pH, electrical conductivity (EC), phospholipid fatty acid (PLFA), and
soil food web analysis. In-field measurements on select sites include water infiltration rates, soil
temperature, soil moisture, and earthworm counts.
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Results and Discussion:
A primary objective of the demonstration sites has been to improve the knowledge base of soil health
among producers, agricultural professionals, and others. Since 2005, attendance at soil health related
workshops and tours has increased significantly throughout North Dakota, yet outcomes in increased
awareness have not necessarily translated to a rapid increased adoption of conservation practices on
agricultural land.
Preliminary data indicates improved select soil physical, chemical, and biological properties with reduced
inputs on several demonstration projects. The application of compost and compost tea in conjunction
with cover crop cocktails on one demonstration farm have also been evaluated to determine their effects
on soil health and crop yield. Initial data indicate increases in soil biological activity, total soil biological
counts, and soil organic carbon on fields where full season cover crops in conjunction with high crop
diversity are used versus no cover crops and low crop diversity. When compared, the low crop diversity
field had 1,901 ng/g total living microbial biomass and 195 ng/g total fungi, as compared to the high crop
diversity field which had 2,180 ng/g total living microbial biomass and 226 ng/g total fungi. Soil organic
matter increases ranged from an average of 0.5 percent to 2 percent on select sites where soil health
building practices have been applied.
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Background:
Long term conservation agriculture (CA)-based experiments are rare in sub-Saharan Africa, particularly
in Eastern Africa. CA aims at improving soil quality, soil moisture and thus, improve crop yield whilst
reducing runoff and topsoil erosion which raises the soil resilience to combat soil degradation. In
Ethiopia, conventional farming practices based on repeated intensive tillage combined with complete crop
residue removal at harvest mainly for feed followed by intensive aftermath grazing in croplands, burning
of crop residue, use of crop straw and animal dung for fuel and the repeatedly occurrence of drought have
reduced the biomass returned to the soil and thus, have aggravated cropland degradation. Hence, a longterm tillage experiment was carried out (2005 to 2013) on a Vertisol to evaluate changes in soil quality,
runoff, soil loss, crop and economic productivity due to CA-based field conservation practices in semiarid northern Ethiopia.
Materials and methods: The experimental layout was implemented in a randomized complete block
design with three replications on permanent plots of 5 m by 19 m with a slope gradient of 3%. The soil at
the study site is a Calcic Vertisol (FAO 1988), Pellic Calcaric Vertisol (WRB 2007) or Typic Calciustert
(Soil Survey Staff 2010). Three tillage practices were applied: derdero+ (DER+), terwah+ (TER+) and
conventional tillage (CT), all using the local ard plough. 1) Derdero+ (DER+) was a newly developed
tillage system based on a traditional in situ water conservation technique (derdero) (Nyssen et al. 2011;
Tesfay et al. 2012). Planting with DER+ system was done using one tillage operation only by refreshing
the furrows at planting, while no tillage was performed on the raised beds which were kept permanent for
9 years (2005-2013) with an intended retention of 30% crop straw. 2) The traditional local tillage practice
terwah was applied without modification from 2005 to 2007. However, starting from 2008, terwah+
(TER+) was a newly modified tillage system developed from the traditional in-situ water conservation
method (terwah) (Nyssen et al. 2011; Tesfay et al. 2011). 3) Conventional tillage (CT) which was the
control in our experimental setup, where we use it as a reference to the results obtained from the two
modified tillage practices. In CT, three tillage operations per year were carried out and crop residues were
completely harvested which was similar to the farmers practice in the study.
Local crop rotation practices followed during the nine years sequentially from the first to the ninth year
included wheat-teff-wheat-barley-wheat-teff-grass pea-teff-wheat. Glyphosate was sprayed starting from
the third year (2007) at 2 l ha-1 before planting to control weed before crop emergence in DER+ and
TER+. It should be noted that in keeping crop residue, we targeted to have 30% on the beds only. In case
of barley and wheat residue, this resulted in more than 60% of the surface area of the plot being covered
by 30% residue, whereas after teff cropping about 20% of the plot was covered, while the soil was not
covered at all after grass pea cropping.
Results and discussion: Significantly different (p<0.05) runoff coefficients (%) averaged over 9 yrs were
14, 22 and 30 for DER+, TER+ and CT, respectively. Mean soil losses of 9 yrs were 3, 11 and 17 t ha-1 y-1
in DER+, TER+ and CT. Although improvements in crop yield were observed, a period of at least three
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years of cropping was required before they became significant. On 9 yrs average, yield in DER+ and
TER+ increased with 35% and 18% respectively, as compared to CT. Also gross margin increased
significantly from 2007 with a similar trend as for crop yield improvement (Table 1).
Among the several assessed physical, chemical and biological soil properties, soil organic matter (SOM),
total soil N, available P, total soil organic C and N enrichment ratios, soil microbial biomass carbon
(SMBC), time of ponding, aggregate stability index, consistency index, cone index, air capacity and
macroporosity were shown to increase significantly in soils subjected to DER+ planting system compared
to CT, particularly at 0-10 cm depth. Significantly different (p < 0.05) mean SMBC in 2011 at 0-15 cm
soil depth was 87, 66 and 36 mg (100 gDM)-1 with DER+, TER+ and CT, respectively. Three years (2006,
2009 and 2011) mean OM in the topsoil (0-10 cm) was significantly higher with DER+ (25.3 gm/kg)
followed by TER+ (23.7 gm/kg) and lowest with CT (22.5 gm/kg). On the other hand, other properties
such as cation-exchange capacity, texture, pH, field saturated hydraulic conductivity, liquid limit,
plasticity index, field capacity, permanent wilting point, plant-available water capacity, matrix porosity
and soil physical quality index did not appear to be significantly affected after seven years of CA. Some
soil parameters such as PAWC, PWP, FC, Kfs and pH have shown a tendency of improvement with
DER+ planting system but the difference were not statistically significant between treatments.
Table 1. The last three years (2011-2013) of crop grain and straw yield, runoff coefficient, soil loss and
gross margin for the experimental site in Adigudem, northern Ethiopia (p<0.05)

Year

Crop
types

2011 Grass pea

2012 Teff

2013 Wheat

Treatments
DER+
TER+
CT
DER+
TER+
CT
DER+
TER+
CT

Grain
yield
(t ha-1)
1.76a
1.66a
1.31b
1.09a
1.11a
0.88b
4.20a
3.50b
2.80c

Straw
yield
(t ha-1)
2.03a
1.99a
1.59b
5.33a
5.89a
4.33a
12.22a
10.33b
6.50c

Runoff
Soil loss
Coeff. (%) (t ha-1 yr-1)
16c
21b
33a
23c
30b
41a
12c
22b
40a

4c
9b
17a
1c
6b
15a
1c
5b
12a

gross
margin(USD)
413a
373a
197b
3979a
419a
213b
1394a
1011b
619c

This study revealed that CA based planting systems DER+ and TER+ are potential land management
systems for the farmers in northern Ethiopia on Vertisol with equivalent or higher crop yield in the CA
systems than CT during the nine years of study period (except for teff in the second year in 2006).
Improvements in crop yield in CA-based treatments required a period of at least three years of cropping
before they became significant, whilst on a steeper slope and cooler climate in a nearby sub-humid area
with the same treatments at least five years were required (Tesfay et al. 2012). The lower teff yield in
2006 was due to application of glyphosate herbicide started in our study as of 2007. Soil degradation is a
severe problem due to intensive tillage and limited amount of biomass return to soil, especially in the
northern highlands of Ethiopia. Avoiding repeated tillage, retention of crop residues and the capacity of
the furrows to retain a large proportion of runoff as depression storage in DER+ contributed to the
consistent smaller soil loss and runoff coefficients in DER+, as compared to CT. Farmers in the study
area also suggested that the implementation of CA in croplands upstream of a reservoir nearby our
experiments can reduce siltation and will extend the lifespan of the reservoirs of irrigation and
hydroelectric dams. This beneficial effect which was also modelled at catchment scale in our study area
(Lanckriet et al., 2012), extends reservoir lifespan and reduces maintenance costs. Reduction in runoff can
also imply the reduction of gully erosion and rural road maintenance costs.
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Conclusion:
Adoption of improved local practices of DER+ and TER+ planting systems that employ conservation
agriculture principles can reduce runoff, soil loss and improve crop yield and soil quality and thus,
sustainability in Vertisols. Adoption of CA-based systems in the study area requires further work to
improve smallholder farmers’ awareness on benefits, to guarantee high standards during implementation
and to design appropriate weed management strategies
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Preliminary remarks
The Südzucker AG of Mannheim runs a total of 7 Agricultural Field Trial Operations in Germany.
Since 1990 in each trial station a large-scale plot (surface area 10 to 15 ha) is being cultivated using
diverse soil cultivation systems (Dieckmann, 2009).
The following soil cultivation methods were conducted by Südzucker-AG on the sample plots:
 Direct seeding
 Mulch seeding
 Soil loosening (intensive usage of the grubber to a depth of maximum 30 cm)
 Ploughing
In 2013 in the course of a project work of the University of South Westphalia, soil cultivation systems
were examined and compared by the Südzucker AG with regard to the tendency towards soil
compaction. This examination was done with the “Classification Key for Detection and Valuation of
Soil Compaction in the Field” (Weyer and Boeddinghaus, 2009). In addition to this the earthworm
abundances in each of the variants were determined as indicators for biological activity in the soil.
The aim of the examinations was to assess and compare the conventional and conservation cultivation
methods in view of a soil compaction threat and biological activity.
Material and Methods
On four of the seven Südzucker Trial sites in the States of Baden-Württemberg and Bavaria the soil
cultivation variants were examined using the aforementioned methods. In each field trial station, per
cultivation-variant, three spot checks were evenly distributed over the variant plot and determined
with the Classification Key and the Octet method. Hence for the result presentation the spot-checks
amounted for each variant to 12.
In the course of the assessment the average of all spot-checks of each variant in all sites was
determined and compiled according the soil cultivation technique.
Results and discussion
Both soil-conservation tillage methods Mulch-seeding and Direct-seeding scored during the
examinations with the classification key an average of 70 to 72 points and showed an undisturbed soil
usage and soil fertility. Also the soil-loosening variant scored with an average of 62.5 very well. In
comparison, the plough variant shows, with 83.7 points, signs of a beginning soil compaction.
Striking is the appearance of a plough pan by using conventional tillage and a diminishing biological
activity. Also the soil surface, a typical indicator for erosion prone by wind and water, showed a suboptimal condition when the plough was used compared to mulch-seeding or the direct-seeding variant.
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Also large differences could be noted regarding the biological activity with the different soil
cultivation variants by using the earthworm abundance.
The conservation tillage with an average of 99.4 specimens by direct seeding as well as 61.2
earthworms/m2 by the mulch seeding-variant showed by far the highest biological activity. The soil
loosening variant as intermediate between conservation and conventional tillage showed an
abundance of 49.4 earth worms/m2. With an incidence of only 8.6 earthworms/m2 the plough-variant
showed by far the lowest biological activity.
Transferring the results of the examinations to the general practice, the tillage with the plough shows
the highest tendency to soil compaction in the fields.
In view of soil protection and the sustaining of a long lasting intact arable production basis, the
establishment and expansion of conservation tillage in many sites is the better alternative.
Within the more profound and higher soil cultivation variants a clear picture emerges. The higher the
intensity of the soil tillage, the lower the occurrence of the earthworms. Here the cause for the
earthworm-discrepancy could be a mechanical disturbance through the plough or an over- intensive
grubber application. A further cause for the lowering biological activity could be the damaging of the
eggs of the earthworms through the turning soil tillage.
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