Soils and tropical vegetation structure
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The Global Extent and Determinants of

Savanna and Forest as Alternative
Biome States

A. Carla Staver,* Sally Archibald,” Simon A. Levin®

Fig. 4. Distributions of
biome types across sub-
Saharan Africa, South
America, and Southeast
Asia/Australia. Biome
types are defined as areas
where climate (i) deter-
ministically supports low
tree cover (low rainfall,
high seasonality); (ii) sup-
ports biome bistability
(intermediate rainfall,
mild seasonality), current-
ly savanna; (iii) supports
biome bistability, current-
ly forest; and (iv) deter-
ministically supports forest
(high rainfall).
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Diagram to show the clay-water or rainfall-soil texture relationship between

\
) MINISTRY OF AGRICULTURE the two principal species of the Acacia belts, namely, A. mellifera @ and

1 _,/ A. seyal ) and the Mixed Deciduous species @ represented here by
l SUDAN GOVERNMENT Khaya senegalensis @ Prosopis africana and Combretum Hartmannianum.
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* Comprehensive
measurements of
vegetation and soil
characteristics in Zones of
Transition (ZOT) on three

continents

e Africa

— West Africa, Cameroon

* South America
— Brazil, Bolivia
* Australia
— FNQ




On the delineation of tropical vegetation types with an emphasis on forest/savanna transitions
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MEAN ANNUAL PRECIPITATION (mm)

TROBIT West African Transect (TWAT)
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Soil Carbon Density (kg m)
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But what exactly is a “savanna” ?
(and by corollary, what exactly constitutes a “forest”?)

* Vague and simple:

— The presence of a dominant C, grass layer and a
discontinuons tree cover” (Lehmann et al. 2011)

* Very precise

“a formation where single-stemmed woody plants over 3
m tall occur in excess of 0.2% and less than 90% crown
cover and where there is a graminoid

component greater than 2% cover” (Walker and Gillison
1982).

* Usually (but not always) involves both grass and tree
cover
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More phosphorus in forest soil
(and 1t increases as precipitation declines)
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But what can we make of the obvious precipitation and soil potassium associations ?!
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Residuals:
Min 19 Median 3Q Max 02-
-1.2009 -0.5176 -0,1593 0.4295 1.3993
Coefficients: Note log_log scale
Estimate Std. Error t value Pr(>|t])
(Intercept) 1.78¢€8 0.4034 4.430 0.0003867 *x UE Uu 1% 35
log (K_sa) 1.2704 0.2487 5.108 8.75e-05 =*x Observed CA
EWC, 12.98152 2.6453 4.882 0.000140 **

EWC:W 9.9622 2.0825 4.784 0.000173 *%x*%
Signif. codes: 0 “*¥%%x’ (_001 “**' Q.01 “** 0.05 .’ 0.1 Y " 1
Residual standard error: 0.744 on 17 degrees of freedom

Multiple R-squared: 0.6899, hdjusted R-sguared: 0.6352
F-statistic: 12.61 on 3 and 17 DF, p-value: 0.0001389



Modelled CAl
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Restricted root-zones can be beneficial ?
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Apply to other continents (circles — Africa; triangles = Australia)
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(1)More to soil nutrient effects than just nitrogen and phosphorus
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ARTICLE INFO ABSTRACT

Amf{\? history: In this review we summarize factors determining the plant availability of soil potassium (K), the role of K
Received 31 July 2013 in crop yield formation and product quality, and the dependence of crop stress resistance on K nutrition.
Received in revised form 15 August 2013 Average soil reserves of K are generally large, but most of it is not plant-available. Therefore, crops

Accepted 16 August 2013

Available online 17 October 2013 need to be supplied with soluble K fertilizers, the demand of which is expected to increase significantly,

particularly in developing regions of the world. Recent investigations have shown that organic exudates
of some bacteria and plant roots play a key role in releasing otherwise unavailable K from K-bearing

ﬁgﬂiﬁ:ﬁ; minerals. Thus, breeding for genotypes that have improved mechanisms to gain access to this fixed K
Global demand will contribute toward more sustainable agriculture, particularly in cropping systems that do not have
Soil availability access to fertilizer K. In K-deficient crops, the supply of sink organs with photosynthates is impaired, and
Quality sugars accumulate in source leaves. This not only affects yield formation, but also quality parameters,
Deficiency for example in wheat, potato and grape. As K has beneficial effects on human health, its concentration in

the harvest product is a quality parameter in itself. Owing to its fundamental roles in turgor generation,
primary metabolism, and long-distance transport, K plays a prominent role in crop resistance to drought,
salinity, high light, or cold as well as resistance to pests and pathogens. Despite the abundance of vital
roles of K in crop production, an improvement of K uptake and use efficiency has not been a major focus
of conventional or transgenic breeding in the past. In addition, current soil analysis methods for K are
insufficient for some common soils, posing the risk of imbalanced fertilization. A stronger prioritization
of these areas of research is needed to counter declines in soil fertility and to improve food security.

@© 2013 Elsevier GmbH. All rights reserved.
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Soils of Amazonia with particular reference to the RAINFOR sites
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Patterns of forest biomass & productivity across Amazonia

Central and Eastern Amazonia
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If it dries out

Forests will transform to SDTF

only where soils are fertile (and
shallow)

On deeper less fertile soils (much
of the eastern Amazon) cerrado
would be the new vegetation type
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g. 1. The relatiorship between vegetation type and rainfall reg
Rainfall regime is derived from TRNMM for the period 1998 -2006. Our sug*
gested savanna zone is shaded (MCWD < - 300mm, AP < 1500 mm)
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