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SOILS REPORT - Peter Motavalli
III. 
Research Progress by Objective 

Objective 1: Develop a shared understanding of the ecosystem, and the social and economic drivers of change in highland vulnerable communities.
Critical Research Accomplishments 

Research under this objective evaluated the current and perceived changes in soil and crop management practices due to climate and socioeconomic changes that have occurred in the communities in Ancoriames and Umala over the last ten years using community surveys and participatory workshops .  Based on the collected information, specific conclusions could be made regarding perceived changes in cropping systems and soil management practices.  To examine in further detail the consequences of climate and socioeconomic changes that were identified by community members, a study was initiated to examine the effects of reduced fallow periods, which community members have identified as a major source of soil degradation due to change in their communities.  Soil samples were obtained from a chronosequence of fields which represented different years of cropping and fallowing on a similar soil type across a range of landscape positions.  These soils were extensively analyzed for differences in soil organic carbon (C) and other soil properties and have been further analyzed under the soil quality cross-cutting project for changes in soil organic C fractions and soil quality.  During the last year, soils from the different Umala communities and years of cropping and fallow were incubated under controlled temperature and soil water content and potential C and nitrogen (N) mineralization evaluated.
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Figure 1 shows that initial cropping caused a large decline in potential soil N mineralization which varied depending on the community.  Soils located in communities positioned in lower-lying areas (i.e., San Juan Circa and San Jose) had relatively lower total soil N initially and therefore, were generally lower in native soil fertility compared to soils from the upper communities.  With the exception of soils from San Jose, most of the other soils had increased potential soil N mineralization with the higher the number of years of fallow.  These results suggest that different soil fertility strategies may need to be practiced in the lower communities to manage the inherent lower native soil fertility.  Moreover, as fallowing length decreases, future research efforts to increase soil fertility during fallowing should possibly focus on improved fallow systems in which multipurpose leguminous cover crops are used and the role of native species (e.g., “thola” Parastrephia lepidophylla) in soil fertility is evaluated further.  Prior reported findings in this project indicated that soil under “thola” plants had significantly higher soil total organic C, total N, pHs, soil test K, exchangeable Ca and Mg and CEC compared to cropped soil. 
A study was also undertaken this last year to compare the impacts of individual and communal management on soil fertility and soil total organic C in Peru.  A graduate student at UNALM in Peru has undertaken this research as part of their M.S. thesis and the results of his analysis have not yet been completed.   This research is significant because of the existence of different management systems in the Altiplano region of Bolivia and Peru and their potential effects on soil fertility and soil organic management.

Extensive information has also been gathered on the use of organic and inorganic soil amendments among the different communities in Ancoraimes and Umala.  This information provides an understanding of how use of these amendments is changing in response to socioeconomic factors, including increased urban migration for employment.  Manure (i.e., cow, sheep, and camelid) and compost samples were collected from the different communities to evaluate the differences in composition of the organic materials commonly used for amending potato crops.  As expected, increased time of composting reduced the carbon-to-nitrogen ratio of the material but nutrient content was relatively similar across communities.  Based on survey information, farmers had different perceptions of the effectiveness of each manure type with some preference for sheep manure as a soil amendment for potato.
System Level: Cross scale, field, community/watershed, ecosystem
Development Impact 
Climate change and socioeconomic factors in the Altiplano have led to changes in soil management practices, such as reduced periods of fallow, that have generally decreased soil organic matter and increased soil degradation.  This project focused on increasing soil organic matter to reduce soil degradation and improve long-term sustainability by use of conventional and alternative soil amendments.  However, several other possible strategies may need to be explored to increase soil organic matter, such as increased use of cover crops, improved fallow systems that include a multi-purpose leguminous cover crop, and implementation of additional soil conservation practices, such as vegetative barriers.
Objective 2: Understand how livelihood strategies are developed in response to farmer perceptions of the relative risks of these changes; and how these perceptions are linked to their assets (livelihoods)
Critical Research Accomplishments 
Work on identifying local classification systems for soil quality was completed during the first two years of the project and maps were completed and revised identifying the location of these soils in the community.  This information is being supplemented with survey information that has been gathered for the cross-cutting soil quality project in order to determine the specific perceptions of soil quality among community members.  Farmers generally have specific criteria for soil quality primarily based on soil physical characteristics (e.g., soil color, soil texture, drainage) and relative crop growth.
System Level: Community/watershed
Development Impact 
Understanding the perceptions of community members regarding soil quality is important for evaluating existing and possible alternative sustainable agricultural practices since many of the farmers base their judgment on long-term observations.  The information gathered also shows the perceived spatial distribution of soil resources within the community and farmers’ perceptions of the suitability of each soil type for different crops.  Funding for a more detailed soil survey are necessary for this region so soil resources can be evaluated and mapped in a scientifically rigorous manner.  This survey information would allow for improved agricultural management and land-use planning.
Objective 3: Link local and new knowledge to produce practices and information that provide alternatives for adapting to change 
Critical Research Accomplishments 

The final residual year of this field study which evaluated use of different conventional and alternative soil amendments was completed in Umala and a second year of response to these amendments was evaluated in Ancoraimes.  In addition, the Ph.D. student completed a controlled microcosm study in which he is examined rates of decomposition and nitrogen mineralization with additions of organic amendments to the soil.  He is also evaluated the addition of these amendments at different rates on soil water-holding capacity and heat capacity.  
Figure 2 shows the summary of average potato tuber yield response among Umala communities in 2007 and 2008.  In Umala, 2008 yields were uniformly higher than in 2007 and the highest yields were recorded with use of inorganic fertilizer combined with either sheep or cow manure.  Farmers rated each treatment both at first flower and upon harvest.  Residual effects of the fertility treatments were also evaluated in 2008 and 2009 since farmers commonly rely on soil amendments applied to the potato crop for the fertility of subsequent grain crops such as quinoa (Figure 3).
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In general, quinoa yields were higher in plots that had received fertilizer as compared to when the organic amendments were applied alone (Fig. 3).  A primary reason for this difference in response was the higher residual inorganic N that was leftover from the potato crop and available at planting time for the quinoa when the fertilizer was applied (Fig. 4).
Similar potato yield results were observed in Ancoraimes (data not shown) with higher yields when manure and fertilizer were combined but in those communities response to manure, especially sheep manure, was higher possibly because of the higher rate of manure application in those communities (i.e., 15 t ha-1) compared to what was applied in Umala (10 t ha-1).

To further understand the possible effects of adding organic soil amendments on buffering climate change, the change in gravimetric water content was determined on soils receiving different types and rates of organic amendments (Fig. 5).  In general, all the organic amendments significantly increased water retention capacity of the soil at -10 kPa as rates of application increased.  Adding the microbial conditioning agent sold under the tradename “Biofert” in Bolivia did not significantly affects soil water retention capacity.  Increasing soil water retention capacity would assist in providing additional moisture to the growing crop in this semi-arid region and also would help in moderating soil temperature increases caused by global warming.
The use of a rapid, portable and relatively inexpensive tool to evaluate the N status of the potato plant was also assessed in the field.  This tool would allow for increased information available to farmers for soil N management in a region where soil testing laboratories are not readily available or are expensive for local farmers.  The portable Cardy nitrate meter was used to measure the nitrate content of sap extracted from  potato petioles and the results compared to total N of the petioles measured in a soil and plant testing laboratory (Fig. 6).




The results show a significant relationship between the two measurements but which vary among the field trials that were conducted in Umala.  The reason for the variation in the relationship is not clear but may be due to the greater incidence of frosts and hail that occurred in the lower communities.  Therefore, further research would be needed before recommending use of the Cardy meter for routine evaluation of the N status of potato crops in this region.  In addition, it would be recommended that use of a chlorophyll meter, which is a portable and more dependable hand-held unit, also be tested along with the Cardy meter to see if it correlated well with petiole N content under the field conditions experienced in this region.  One drawback of the chlorophyll meter is that is generally more expensive than the Cardy meter.
System Level: Field, community/watershed 

Development Impact 
The use of both organic and inorganic soil amendments for potato crop and subsequent quinoa grain crop production significantly improved crop production.  Prior data presented in previous annual reports showed that additions of organic amendments including alternative organic amendments such as compost, peat moss and a commercial microbial activator, significantly increased soil organic matter and lowered soil bulk density.  The amount of improvement in soil water retention was shown to be a function of application rate, and this improvement in soil water retention may be important for sustainable crop production as climate change proceeds.  This research explored the use of soil amendments to increase soil organic matter but other management practices such as improved crop residue management, conservation tillage, and introduction of cover crops may also be viable options.  The highest responses for both initial and residual crop production were for treatments that combined inorganic fertilizers with organic amendments.  The residual effects of the fertilizer treatment may be a result of the recommended rate of fertilizer application being too high to meet the N requirements of the potato crop or due to the poor performance of the crop due to weather or pest limitations.  Farmer preferences were for organic soil fertility additions over inorganic fertilizer, but combined treatments were rated as doing well by farmers.
The results of this research indicate that increased use of organic and inorganic fertilizers would be important to increase crop production.  Increasing soil organic matter would also have benefits in improving soil properties that may reduce the effects of climate change and slow down the rate of soil degradation that exist in this region.
Fig. 1.  Cumulative potential soil N mineralization after 84 days of incubation of soils with different cropping and fallow lengths from different communities in Umala.  Negative numbers indicate years of cropping and positive numbers are years of fallow.





Fig. 2.  Average potato tuber yield response among Umala communities in 2007 and 2008 in response  to inorganic and organic soil amendments. Vertical bars indicate the least significant difference (LSD) at p < 0.05.





Fig. 3.  Average quinoa grain yield response among Umala communities in 2008 in response to inorganic and organic soil amendments applied to preceding potato. Vertical bars indicate the least significant difference (LSD) at p < 0.05.





Fig. 4.  Average soil inorganic N (ammonium + nitrate) among Umala communities in 2008 in response to inorganic and organic soil amendments applied to preceding potato. Vertical bars indicate the least significant difference (LSD) at p < 0.05.





Fig. 5.  Effects of the type and application rate of different soil organic amendments on gravimetric soil water content at -10 kPa suction. 





Fig. 6.  Relationship between Cardy nitrate meter measurements of potato petioles measured in the field to total N measured of petioles in a soil and plant testing laboratory. 








