
MULCHES IN SMALLHOLDER MAIZE SYSTEMS IN THE 

LIMPOPO PROVINCE OF SOUTH AFRICA: UNTANGLING THE 

EFFECTS OF N THROUGH EXPERIMENTATION AND 

SIMULATION

By

Seshuhla Rebinah SASA

Thesis submitted in fulfilment of the requirement for the degree of

Master of Agricultural Science

School of Agriculture, food and wine

Faculty of sciences

University of Adelaide, Australia

July 2009



ii

Table of contents
Table of contents……………………………………………………………………….…. ii

List of tables……………………………………………………………………………..... iv

List of figures………………………………………………………………………….…....v

Declaration………………………………………………………………………………..vii

Acknowledgements……………………………………………………………………….viii

Abstract………………………………………………………………………………….…ix

Chapter 1 .......................................................................................................................... 1
General Introduction........................................................................................................ 1
CHAPTER 2..................................................................................................................... 4
Literature review .............................................................................................................. 4

2.1 Suitability of legumes for enhancing subsequent crop production ............................4

2.2 Criteria for selecting legume crops .............................................................................4

2.3 Biological Nitrogen fixation in legumes ......................................................................5

2.4 Legume biomass accumulation ...................................................................................7

2.5 Factors affecting legume growth and nitrogen fixation .............................................8

2.6 Effects of mulch on growth parameters of subsequent crops. .................................10

2.7 Decomposition of mulches and green manure..........................................................12

2.8 Factors affecting decomposition of mulches .............................................................12

2.9 Effects of legumes on subsequent crops....................................................................15

2.10 Effects of mineral nitrogen fertiliser on crops..........................................................16

2.11 Simulation modelling for agricultural research .......................................................17

2.12 Conclusion .................................................................................................................18

CHAPTER 3................................................................................................................... 21
Cereal and legume management by subsistence farmers in Limpopo province of South 
Africa: Socio-economic and farming details. ................................................................. 21

3.1 Introduction...............................................................................................................21

3.2 Materials and methods..............................................................................................22

3.2 Results and discussion...............................................................................................24

3.3 Conclusion .................................................................................................................44

CHAPTER 4................................................................................................................... 46
The effects of fertiliser, legumes and grass mulches applied to a maize crop in Limpopo 
province .......................................................................................................................... 46

4.1 Introduction...............................................................................................................46

4.2 Material and methods ...............................................................................................47

4.3 Results .......................................................................................................................52

4.4 Discussion ..................................................................................................................65

4.5 Conclusion .................................................................................................................70



iii

CHAPTER 5................................................................................................................... 73
Using closed pot incubations to investigate the N and C mineralization in crop residues 
of varying quality............................................................................................................ 73

5.1 Introduction...............................................................................................................73

5.2 Materials and methods..............................................................................................74

5.3 Results .......................................................................................................................78

5.4 Discussion ..................................................................................................................92

5.5 Conclusions..............................................................................................................101

Chapter 6 ...................................................................................................................... 103
General discussions ...................................................................................................... 103

Literature cited…………………………………………………………………………..107

Appendices……………………………………………………………………………….117



iv

List of tables
Table 2.1. The amount of nitrogen kg ha-1 fixed by different legumes crops ...……………6

Table 2.2. The amount of biomass (t ha-1) produced by different legume crops...…….…...7

Table 2.3. C:N ratio in different crops……………………………………………….........13

Table 2.4. Lignin percentages in different crops…………………………………….…….14

Table 3.1. Soil chemical analysis for the soil profiles………………………………..…....23

Table 3.2. Soil particle analysis……………………………………………………………24

Table 3.3. Smallholder farmers’ ages and their level of education (%)…...…………..…..26

Table 3.4. Types of cropping methods applied by farmers………………………………..35

Table 3.5. Timelines for maize cropping…………………………………………..……...35

Table 3.6. Ploughing equipment used and number of ploughing…………………….…...36

Table 3.7. The % of farmers using types of manure, source and time application ……….37

Table 3.8. The % of farmers knowing about the potential benefits of N fixation by
legumes, application of skill and their response to N fixation information 

…………………….…………………………………………………………..…...41

Table 3.9. The farmers source of information and farmers group membership ………..…44

Table 4.1. Treatments designed and implemented at GaKgoroshi and Gabaza…….…..…48

Table 4.2. Rainfall (mm) during 2007-2008 and long term average (LTA)……..………..52

Table 4.3. Soil chemical analysis for the soil profiles………………………………..…...52

Table 4.4. Soil particle size analysis……………………………………………..………..53

Table 4.5. The frequency of water and N deficient factor >0.5 during flowering (FS)

to end of grainfill (SE), and soil water evaporation above average 

(137 mm) ………………………………………………………………..………...65

Table 5.1. Properties of soils used in the incubation………………………………………75

Table 5.2. Quantities of residue C, N and C:N ratio incorporated into soils……………...79

Table 5.3. The efficiency of residue C utilisation by microbes following the

amendment of 4 residues and 2 soil types ………….………………………….....83

Table 5.4. Ammonium and nitrate concentrations in Tarlee and Waikerie soils after

the incorporation of canola, wheat, pea and mucuna……………………………..85

Table 5.5. The efficiency of residue C utilisation for Waikerie soil using 3 types of

residue and 2 methods of residue application…………………...………………..89

Table 5.6. Ammonium and nitrate-N (mg N kg-1) for the incorporation and mulch of 

the different plant materials in Waikerie soil…………...…………………………91



v

List of figures
Figure 3.1: Rainfall map of the Limpopo province of South Africa………………………23

Figure 3. 2. Family size grouped in the number of people per household……………...…27

Figure 3.3. Income sources per household and the % of farmers receiving themes………28

Figure 3.4. Income constraints face by smallholder farmers……………………………...29

Figure 3.5. Types of livestock owned by farmers…………………………………………30

Figure 3.6. % land allocation to maize as compared to legumes and other crops…………32

Figure 3.7. Major constraints faced by farmers……………………………………………34

Figure 3.8. Number of weeding applied by smallholder farmers………………………….38

Figure 3.9. Types of residue management………………………………………………...39

Figure 3.10. Problems associated with legume derived N by smallholder farmers……….42

Figure 3.11. Reasons for non-membership by smallholder farmers………………………44

Figure 4.1. Maize plant height as influenced by different soil fertility management 

Practices…………………………………………………………………………...54 

Figure 4.2. Maize dry-matter as influenced by different soil fertility management 

practices……………………………………………………………………………55 

Figure 4.3. The relationship between plant height and drymatter as influenced by

different soil fertility management………………………………………………...56

Figure 4.4. Comparison between the observed and simulated maize biomass during

the 2007-2008 growing season…………………………………………………..57

Figure 4.5. Cumulative distribution functions for maize dry matter with different

mulch and N fertiliser treatments during long term period

(1970-2008) …………………………………………………………………...…..58 

Figure 4.6. Cumulative distribution function for maize grain yield (1971-2008)…………59

Figure 4.7. Average soil water deficit factor for maize growth during the 2007- 2008

growing season…………………………………………………………………….60 

Figure 4.8. Nitrogen deficit factor on maize grain yield during the 2007-2008 

growing season…………………………………………………………………….61 

Figure 4.9. Correlation between long-term in-crop rainfall and N stress during 

flowering to start of grainfill (A) and from start to end of grainfill (B)…………...63

Figure 4.10. Correlation between long term growing season rainfall and soil water 

stress from flowering to start of grainfill…………………………………………..64

Figure 5.1. Cumulative C mineralisation for Tarlee and Waikerie soil for 98 days period

amended with wheat , canola , mucuna  and pea or a no-residue control……...….80



vi

Figure 5.2. Microbial biomass C for Tarlee and Waikerie soils with and without the

application of canola, wheat, pea and mucuna during the 98 day incubation

period……………………………………………………………………………...82

Figure 5.3. The percentage C for Tarlee and Waikerie residue treatments at the end of

the incubation……………………………………………………………………...84

Figure 5.4. Cumulative C mineralisation in incorporated and mulched wheat, mucuna

and pea in Waikerie soil for 119 days……………………………………………..87 

Figure 5.5. Microbial biomass C for Waikerie soil with and without the application of

wheat, pea and mucuna during the 119 day incubation period……………………88

Figure 5.6. The percentage C remaining for incorporated and mulched residues in

Waikerie soil at the end of incubation……………………………………………..90



vii

Declaration

NAME: Seshuhla Rebinah SASA PROGRAM: Master of Agricultural Science

This work contains no material which has been accepted for the award of any other degree 

or diploma in any university or other tertiary institution and, to the best of my knowledge 

and believe, contains no material previously published or written by another person, except 

where due reference has been made in the text.

I give consent to this copy of my thesis, when deposited in the University Library, being 

made available for loan and photocopying, subject to the provisions of the Copyright Act 

1968.

I also give permission for the digital version of my thesis to be made available on the web, 

via the University’s digital research repository, the Library catalogue, the Australian 

Digital Theses program (ADTP) and also through web search engines, unless permission 

has been granted by the University to restrict access for a period of time.

SIGNATURE Date

Regular Thesis



viii

Acknowledgements
I would like to acknowledge the invaluable support given by my supervisors Prof. Gurjeet 

Gill  and Dr. Anthony Whitbread. I thank the Australian Center for International 

Agricultural Research (ACIAR) for funding my studies, the University of Adelaide for 

giving me the opportunity to study at the institution and the CSIRO for the skills I achieved 

and the support the staff members have provided, emotionally, spiritually and physically. I 

appreciate the support given by Dr. John Hargreaves on APSIM training and the laboratory 

assistance offered by Bill Darvoren. I acknowledge the support of my ex- supervisor Dr. 

Bill Bellotti during his time in Adelaide University. 

I would like to thank the smallholder farmers in Gabaza and GaKgoroshi for offering me 

land to conduct my field experiment. The biggest appreciation is given to my employer, 

The Department of Agriculture, Limpopo province, South Africa for allowing me this 

opportunity to study abroad. I aknowledge the support I got from my colleague, Mr J.J. 

Mkhari for collecting the remaining data on my behalf, Prof. J.J.O. Odhiambo from the 

University of Venda for arranging theplanting of mucuna to be used in my field experiment 

and Sankie Lephale for assisting in data collection. The success of this study is dedicated 

to  my dearest friends and colleagues (Dobane Sebola, Veronica Matheba and Meta

Matsebe) who remained the pillar of my support where I couldn’t reach. I thank my 

mother, Aletta Sasa has for always been courageous to me. 



ix

Abstract

In Limpopo Province of South Africa, poor soil fertility and low crop yields are serious 

problems facing resource poor smallholder farmers. A survey of over 60 farmers in 2 

villages (Gabaza and GaKgoroshi) found that most of the smallholder farmers were women 

(68%), elderly (50% above 68 years of age) and had not attended school or only attended 

up to the primary level (80%). Very few farmers kept livestock (usually in small numbers) 

and most grew cereal and legume crops (on 1ha of land) for home consumption and 

livestock feed, with legumes being planted on 13% of the land. The study showed that 80% 

of farmers were not fully aware of the benefits of legumes in fixing nitrogen (N) and 

improving yield. 

A field study at the survey village of Gabaza found that the application of fertiliser N and 

grass mulch combination and fertiliser N plus guarbean mulch significantly increased plant 

height and maize shoot growth at 4 and 8 weeks after planting. However, when grass 

mulch was without N fertiliser, there was no increase in maize growth relative to the 

control (0N).

A farming systems simulation model (Agricultural Production Systems sIMulator -

APSIM) was used to simulate this field study as well as over the long-term (1971 to 2008). 

Simulation analysis showed poor average maize yield (<3000 kg ha-1) with the application 

of grass residues even when used with 30 kg N fertiliser. However, the application of 

guarbean residues as mulch with or without N fertiliser and as green manure increased 

maize yields to >4000 kg ha-1. Simulation showed that the grass mulch with or without the 

addition of N fertiliser reduced water stress and soil water evaporation but increased N 

stress during the reproductive phase of the crop in most seasons. When guarbean mulch 

was used as green manure by itself, or mulch plus N fertiliser, N stress was reduced but 

water stress and soil water evaporation were increased which could have been due to faster 

decomposition of legume mulch as compared to grass mulch. Addition of N fertiliser 

reduced N stress to maize but increased water stress and soil water evaporation similar to 

the guarbean mulch because of high soil evaporation.     

APSIM analysis clearly showed the importance of N x soil water interactions in 

determining maize growth and yield at Gabaza. Therefore, two studies were undertaken in 

the laboratory in Australia to determine the dynamics of carbon (C) and N where residues 

of different qualities [canola (C:N 43), wheat (26), pea (9) and mucuna (14)] were applied 



x

to clay loam (Tarlee) or sandy (Waikerie) soils. In experiment 1, where residues were 

incorporated into the two soils, the cumulative CO2-C evolution for the wheat and canola 

treatments at the end of the incubation period were fairly similar but significantly higher 

than for pea, mucuna and the control. In general, the application of residues increased 

microbial biomass C more than the control, with highest increases up to 1.48 and 1.56 mg 

C g-1 soil for canola and wheat in Tarlee soil, respectively and 0.82 mg C g-1 soil for pea in 

Waikerie soil. Even though the Tarlee soil showed greater C release than Waikerie soil, the 

C turnover from the residues between the 2 soils was not significantly different except for 

pea residues. Canola and wheat residues were found to immobilise N whereas N content 

increased in both soils with the application of legumes (pea and mucuna).

In experiment 2, mucuna, pea and wheat residues were either incorporated or applied as 

surface mulches on Waikerie soil. Initially the CO2-C release was higher for incorporated 

than mulched residues and CO2-C released was higher for pea residues. However, at the 

end of the incubation more CO2-C was released with the application of wheat residue 

indicating differences between residue types in the pattern of soil respiration. Microbial 

biomass C was higher for incorporated than mulched residue treatments; pea residue 

showed the highest biomass C for incorporated (0.78 mg C g-1 soil) whereas mucuna had 

the highest microbial biomass (0.11 mg C g-1 soil) treatments. The method of residue 

application resulted in a significant difference in C turnover between residues, with pea 

residue showing significant increase in C utilisation than mucuna and wheat. The pea 

residues, which had the lowest C:N, increased soil mineral N more than other treatments in 

both incorporated and mulched treatments. Lower mineralisation of N observed in residues 

of high C:N ratio compared to the control could be due to immobilisation of N. Therefore, 

understanding the nutrient dynamics of different crop residues could play an important role 

in the management of residues in different soil types. Based on these results it can be 

concluded that legume residues have the potential to improve soil fertility and crop yields 

in dryland farmers’ fields in Limpopo. Extension programs aimed at increasing farmers’ 

knowledge of the benefits of N fixation by legumes may increase their adoption and 

thereby improve soil fertility and maize yield.
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