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9

Aims: The objectives of the study were to evaluate the effects of organic materials from
Tughutu (Vernonia subligera O.Hoffn) and locally available Minjingu phosphate rock or
commercial Triple super phosphate fertilizer on the plant growth and amount of phosphorus
(P) and calcium (Ca) content in bean shoots (Phaseolus vulgaris L.) and their residual
effects in the soil after harvest.
Study design: The experiments were set up as a randomized complete block design
Place and Duration of Study: Field experiments were conducted in famers’ fields in the
Western Usambara Mountains in Tanzania.
Methodology: Each farmer’s field was assigned as a replicate. The experimental treatments
consisted of six plots as follows: control, MPR or TSP each at 26 kg P ha-1, Tughutu at 2.5 t
dry matter ha-1 and Tughutu at 2.5 t dry matter ha-1 combined with MPR or TSP at 26 kg P
ha-1.
Results: The dry matter yield and amount of P and Ca in bean shoots significantly increased
by supplying the organic and inorganic fertilizers above the control treatment. Addition of P
fertilizers alone or in combination with Tughutu also modified the soil pH and significantly
increased the concentration of P and Ca in the soil at harvest.
Conclusion: Overall, combination of Minjingu phosphate rock or Triple super phosphate
with Tughutu enhanced the effectiveness of these fertilizers and resulted in better growth
and greater P and Ca amount in the shoots as well as their concentration in the soil at
harvest.
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1. INTRODUCTION17
18

The densely populated areas of the Western Usambara Mountains (WUM) in northern19
Tanzania suffer from low soil nutrient levels [1,2] owing to intensive cultivation of crops20
without the application of external inputs. This practice has of late resulted in the depletion of21
essential plant nutrients, including P and Ca that are important for plant growth [2]. These22
constraints, amongst others, have been reported to be the cause of poor growth of bean and23
a major threat to the sustainability of the small-scale production systems in WUM [2,3]24
Phosphorus deficiency is known to impair early nodule functioning [4], retard plant growth25
and reduce the ability of the plant roots to release protons that may be useful in the26
solubilization of organic and inorganic P sources in the soil [5, 6]. Calcium deficiency in27
legumes is also known to impair N2 fixation and retard plant growth [7, 8, 9, 10, 11, 12].28

UNDER PEER REVIEW



The majorities of small-scale farmers living in WUM are poor and cannot afford to purchase29
expensive agricultural inputs such as Triple super phosphate or lime that could supply30
phosphorus and calcium to the commonly grown crops in the area, including beans [13].31
Therefore, there is a great need to explore the available indigenous sources of nutrients that32
will ultimately be affordable to the poorly resourced farmers.33

Incorporating some organic materials in the soil may contribute significantly in providing34
mineral nutrients needed by the plants [14, 15] and hence increase the crop yields. The35
organic matter may consist of a wide range of mineral nutrients, upon the process of36
decomposition and mineralization, they may be made readily available for plant uptake and37
growth [16], [17]. Additionally, the use organic plant materials may improve other important38
soil characteristics such as their water retention and the microbiological activities in the soil39
[18].40

The exploratory work by [17] revealed that traditional shrub Tughutu contained more P and41
Ca than Tithonia diversifolia, the most researched shrub species in East Africa [18, 19, 20,42
21]. A number of studies also reported that Minjingu phosphate rock fertilizer has higher43
contents of water soluble P and Ca [22, 23,24]. From this background, it is evident that these44
two indigenous resources could be used to boost agricultural production and improve45
people’s livelihood in poor soils of the WUM.46

A few studies conducted in East Africa have shown improved growth and increased47
concentration of P and Ca nutrition in plants following the application of organic materials48
and phosphate rocks as fertilizers [1,15,16,24,25,26,27,28,29,30,31,32,33]. Significant49
synergistic effects were reported in growth or yield by combining the organic and inorganic P50
fertilizers such as rock phosphates or TSP [1, 14, 15, 16, 29, 30, 31, 34].51

This study was conducted with the objective of evaluating the effects of supplying Tughutu52
alone, or in combination with locally available MPR or commercial TSP fertilizer on plant53
growth, and amounts of P and Ca in bean shoots. Furthermore, soil chemical properties54
such as pH, P and Ca availability were assessed at harvesting.55

56
2. MATERIAL AND METHODS57

58
2.1 Site location and description59
Six field sites in farmers’ fields were planted to beans in WUM (04°_47.976 S, 38°_17.623'60
E) during the 2000 - 01 cropping season. The WUM are located in an altitude ranging from61
900 to 2300 m. a.s.l. and the major soils are classified as Humic and Chromic Acrisols,62
Luvisols and Lixisols [28]. Before planting, soil samples were collected from each site,63
bulked and analysed separately for pH, P, and Ca content for each site. Details of soil64
collection and analysis are described in [2].65

66
67

2.2 Field trials68
The fields were ploughed by a hand hoe. The experiments were set up as a randomized69
complete block design. Each farmer’s field was assigned as a block. The experimental70
treatments consisted of six plots assigned to each block as follows: control, MPR or TSP71
each at 26 kg P ha-1, Tughutu at 2.5 t dry matter ha-1 and Tughutu at 2.5 t dry matter ha-172
combined with MPR or TSP at 26 kg P ha-1. P levels from MPR and TSP were calculated73
considering the water soluble P in each fertilizer. Each treatment was planted in 25 m2 plot.74
Inter-row and intra-row spacing of 50 cm and 20 cm respectively were used. Tughutu used in75
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this study was collected from the Magamba forest reserve in WUM. Fresh Tughutu leaves76
were surface applied and incorporated into the soil to 15 cm depth by hand hoe one week77
before sowing and allowed to decompose. [17] Recommended that MPR be broadcasted78
and incorporated into the soil by a hand hoe at sowing. TSP was applied into the rows at79
planting. Two bean seeds coated with Rhizobium tropici strain CIAT 899 (109 g cells seed-1)80
purchased from the Nairobi MICERN, University of Nairobi, Kenya, were planted in each81
hole and allowed to grow to maturity. The inoculants packets were supplied with gum arabic82
for sticking as many cells as possible onto the seeds. Bean variety Lyamungu 90 used in this83
study was supplied by the breeder of the Selian Agricultural Research Institute, Arusha,84
Tanzania.85

86
2.3 Plant harvest and analysis87
Twenty plants were sampled 45 days after planting (DAP) from the two inner rows (1 m2) in88
each plot for the above-ground biomass assessment. Bean yields from this study are89
reported elsewhere by [1]. The above ground shoots were cut with a knife at about 1 cm90
above the soil surface. Plant samples were dried to constant weight at 70 °C in an oven for91
48 h and ground into fine powder for the analysis of P by dry ashing method [35].92
Phosphorus in the digest was measured by the molybdenum blue method as described by93
[36]. Calcium concentrations were determined by atomic absorption spectrophotometer as94
described by [37]. The measured concentrations of nutrients were multiplied by plant dry95
matter to obtain the above ground biomass amounts of the mineral.  At harvest, soil adhering96
to the roots was collected from around 10 bean plants from each plot and analysed for pH, P97
and calcium as described above.98

99
2.4 Statistical analysis100
Dry matter yield, P and Ca concentration and amounts in the tissues were analyzed using101
one-way analysis of variance (ANOVA). These computations were done with the software102
program STATISTICA [38]. The Fisher least significance difference (LSD) was used to103
compare treatment means at P≤0.05.104

105
3. RESULTS AND DISCUSSION106

107
3.1 Soil analysis108

Results of soil analysis are shown in Table 1 and reported elsewhere by [2]. Generally, P109
was low at all the sites with reference to optimum level of 11 mg P kg-1 soil as proposed by110
[39] for bean production. The exchangeable Ca ranged from 3.39 - 5.59 cmol kg-1 (Table 1).111
The proposed optimum level of Ca for the majority of crops is 5.0 cmol kg-1 [40] Four out of112
the six sites contained Ca levels lower than the proposed optimum levels and hence should113
receive some form of amelioration.114

115
Table 1. Selected chemical properties of soils collected from the Western Usambara116
mountains in the Lushoto District of the Tanga Region, Tanzania117

118
Site Chemical properties of soils*

pH H2O Bray 1 P Ca

mg kg-1 cmol kg-1

Magamba 4.9 4.20 3.39
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Ubiri
Ngulwii
Soni
Mbuzii
Mkuzi
Average

5.8
5.5
5.9
5.9
5.2
5.5

3.16
2.80
1.68
2.80
4.20
3.14

3.99
5.59
5.59
4.79
4.79
4.59

*Source: Ndakidemi and Semoka (2006).119
120

3.2 Dry matter yield121

There was a small variation in dry matter yield across sites (Table 2) suggesting that to a122
greater extent, the six farmers’ fields were fairly uniform. The dry matter (DM) yield of bean123
responded strongly (P≤0.001) to all amendments used in this study (Table 3) indicating that124
P was among the limiting nutrients in the study area. Dry matter yields also correlated125
significantly with their shoot amounts P (Table 3; r = 0.97, P=.05) and Ca (r = 0.86, P=.05)126
suggesting that the DM was related to their amounts. Moreover, there was significant127
correlation between the amendment treatments and DM (r = 0.83, P=.05) indicating128
insufficient P and probably Ca in soils used in the study (Table 1). The DM increased by129
more than twofold by adding TSP alone or Tughutu combined with MPR as compared with130
the control treatment. Addition of Tughutu or MPR alone increased the DM by more than131
50% as compared to the control treatment. However, combining Tughutu and TSP gave the132
best results by increasing the DM more than threefold as compared with the control. In133
general, MPR or Tughutu supplied alone produced comparable DM yield, whereas there was134
no significant DM yield difference between TSP or Tughutu combined with MPR. (Table 3).135
The observed variations in DM are partly explained by the chemical composition of the136
materials used in this study [28, 23]. Yield from MPR or Tughutu treatment were generally137
lower than those of TSP owing to low P contents in these materials [28, 23]. Generally there138
was a positive effect on DM yield by combining MPR or TSP with Tughutu. This work is139
consistent with the work done by [34,15,29] that reported yield increases in maize by140
combining Tithonia or Tephrosia vogelii with  TSP or MPR.141

142

143

144

145

146

147

Table 2. Estimates of micro-site variations on dry matter yield of common bean in148
WUM, northern Tanzania149

150
Site Dry matter yield**

g plant-1

Magamba
Ubiri
Ngulwii
Soni

17.95
18.24
17.55
19.17
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Mbuzii
Mkuzi
Average

16.95
20.94
18.47

**Dry matter was determined by taking the average yield across all treatments from151
each site.152

153

3.3 Phosphorus and Calcium amount in shoots154

Significant P and Ca amounts in shoots were observed (P≤0.001) in all plots that were155
supplied with the amendments (Table 3). The amount of P and Ca in this study almost156
paralleled the DM yield (Table 3). This suggests that P and Ca were among the major157
limiting elements for bean growth in the WUM (Table 3; [2,3] ). Combining Tughutu and TSP158
resulted in significantly higher P amount compared with all other treatments tested and was159
followed by Tughutu combined with MPR (Table 3). The good response of TSP as compared160
with MPR could be due to the higher and faster dissolution rate of TSP than MPR that161
improved their concentration in the soil (Table 4), in shoots (data not shown) and made them162
available for plant uptake (Table 3). Similar results have also been reported by [24,33] in163
maize.164

165

Calcium amount in shoots almost followed the trend of P, but combining Tughutu with MPR166
or TSP produced the best results that were not significantly different (Table 2). A167
comparative study on the properties of Tughutu and other organic sources from WUM168
revealed that Tughutu was superior to most of them in N, P and K content [17] Furthermore,169
mineralization patterns of Tughutu were faster and higher for N, P and K as compared with170
those of Tithonia and other useful shrubs. Therefore, high qualities of this plant render it a171
good source of nutrient for bean growers in WUM.172

173

In this study, combining organic material with TSP or MPR significantly promoted the uptake174
of P and Ca in bean. This was also reflected in the DM yield (Table 2). Research evidence175
suggests that Ca plays a crucial role in plant growth and development. This is responsible for176
structural rigidity of the cell wall, controlling the cell membrane structures and functions, and177
in many different signal transduction processes [41], which ultimately may contribute178
significantly in regulating plant growth and development as observed in this study (Table 2).179
Results from this study showed that the amount of P and dry matter yield in beans was180
significantly enhanced with the addition of Tughutu, MPR and the combination of Tuguthu181
with MPR or TSP (Table 2 & 3). Phosphorus plays a key role in a plant’s energy transfer182
mechanism (high energy phosphate), an essential intermediary in the metabolism of183
carbohydrate, protein and phospholipid transformations in plants and final plant growth [6].184
Taken together, these results suggest that small-scale farmers in WUM have the potential to185
benefit from the biomass transfer technology combined with a cheap inorganic resource186
such as MPR in improving their crop production.187

188
Table 3. Effects of Tughutu application, MPR or TSP supply on dry matter yield (DMY), P189
and Ca amount in shoots of Phaseolus vulgaris L measured at 45 days after planting.190

191
Treatmenta) DMY P Ca P Ca

g.plant-1 mg.plant-1 mg.plant-1 kg.ha-1 kg.ha-1
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P0 +T0 (Control)
T0 + MPR 26 kg P ha-1

T0 + TSP 26 kg P ha-1

T2.5  t  ha-1

T2.5  t  ha-1 + MPR 26 kg P ha-1

T2.5  t  ha-1 + TSP 26 kg P ha-1

F - Statistics

9.68±0.26db)
15.58±0.66c
19.88±0.69b
15.27±0.81c
22.03±1.13b
28.35±1.92a

37.84***

12.31±0.80d
26.66±2.12c
38.86±2.46b
24.06±1.88c
45.07±3.75b
66.80±6.86a

28.97***

116.81±4.02d
302.38±23.34bc
326.34±21.21b
216.34±18.97c
557.51±61.05a
529.80±41.23a

26.48***

2.46±0.16d
5.33±0.42c
7.77±0.49b
4.81±0.38c
9.01±0.75b
13.36±1.37a

28.97***

23.36±0.80d
60.48±4.67bc
65.27±4.24b
43.27±3.79c

111.50±12.21a
105.92±8.25a

26.48***
*** Significant at P0.001.192
a) P0 = zero level of phosphorous; T0 =  zero level of Tughutu; MPR 26 kg P ha-1 = 26 kg P193
ha-1 of MPR; TSP 26 kg P ha-1 = 26 kg P ha-1 of TSP; T2.5  t  ha-1 = 2.5 t of Tughutu ha-1194
b) Mean values within a column followed by different letter(s) differ significantly at P=.05195
according to Fishers least significance difference.196

197

3.4 Soil pH, residual P and Ca at harvest198

The amendments used significantly (P.05) changed soil pH, P and Ca concentration in the199
soil solution at harvest (Table 4). Compared with control, TSP supplied alone significantly200
decreased the soil pH more than with all other treatments. [42] and [43] also reported201
significant pH decreases with TSP supply. However, the addition of Tughutu, MPR and the202
combination of Tuguthu with MPR or TSP increased the soil pH as compared with TSP and203
the control treatment (Table 4). The increase in soil pH owing to MPR can be owing to204
reasonably higher Ca content in this material [23]. MPR in this context provided a liming205
effect to the soil and hence raised its pH. Similar increases in soil pH with MPR applications206
and use of organic amendments have been reported by [34, 16, 15, 30, 31]207

208

The effect of Tughutu, MPR, TSP and/or their combination on residual P in the soil at209
harvest is shown in Table 4. Their application in the soil significantly (P=.05) increased the210
residual P in the soil. In this study, the use of Tuguthu combined with TSP or MPR or TSP211
applied alone elevated the residual P above the optimum level of 11 mg P kg-1 soil for bean212
production [39]. Addition of Tuguthu alone doubled the residual P in the soil as compared213
with control, but the level was still low. The observed small increase in soil P with Tughutu214
application was probably from the decay and the release into the soil of the organically215
bound P held in this material. These results suggest that Tughutu supplied alone has lower216
P input in the soil. Addition of MPR alone was not sufficient to raise the residual P value to217
the proposed optimum level (Table 4). It is possible that soil conditions were not favourable218
for MPR solubility and release of enough P into the soil in the first year. Amorphous rock219
phosphate could be weathered and released for plant growth over time [44, 45]. Combining220
MPR with Tughutu released P above the proposed optimum level of 11 mg P kg-1 soil for221
bean production (Table 4). Studies have shown that organic acids released during the222
decomposition of organic materials improved the availability of soluble P from rock223
phosphates [14, 16, 6 15, 30, 31). These findings suggest that repeated addition of inorganic224
phosphorus applied alone or in combination with Tughutu could build soil P reserves to225
reasonable levels and sustain crop productivity in WUM.226

227

The addition of Tughutu, MPR, TSP and/or their combination significantly (P≤0.05)228
influenced the residual exchangeable Ca in the soil (Table 4). The proposed optimum level229
of exchangeable Ca in the soil is 5.0 cmol kg-1 [40]. Except TSP and control, other230
treatments increased the exchangeable Ca above the proposed optimum levels in the231
following order: Tuguthu + MPR > MPR > Tuguthu + TSP > Tughutu > TSP > control (Table232
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4). All treatments involving MPR were superior in increasing residual soil Ca as compared233
with others. Similar observations in which the addition of MPR in soils increased the residual234
Ca as compared with TSP have been reported by [32]. MPR has a reasonably higher Ca235
content than TSP [23] and Tughutu [17].236

237
Table 4. Effects of Tughutu application, MPR or TSP supply on pH, residual P and Ca in the238
soil collected from rhizosphere of Phaseolus vulgaris L. plants at harvest.239
Treatmenta) pH H2O P Ca

mg.kg-1 cmol.kg-1

P0 + T0 (Control)
T0 + MPR 26 kg P ha-1

T0 + TSP 26 kg P ha-1

T2.5  t  ha
-1

T2.5  t  ha
-1 + MPR 26 kg P ha-1

T2.5  t  ha
-1 + TSP 26 kg P ha-1

F - Statistics

5.32±0.16bcb)

5.86±0.18a
5.23±0.16c

5.79±0.20ab
5.98±0.20a

5.71±0.17abc
2.92*

3.28±0.41d
10.59±0.47b
14.76±0.80a
6.93±0.51c

14.61±1.23a
16.79±1.06a

41.77*

4.52±0.40b
5.99±0.45a
4.72±0.41b

5.01±0.41ab
6.14±0.41a

5.05±0.37ab
2.68*

* Significant at P=.05.240
a) P0 = zero level of phosphorous; T0 =   zero level of Tughutu; MPR 26 kg P ha-1 = 26 kg P241
ha-1 of MPR; TSP 26 kg P ha-1 = 26 kg P ha-1 of TSP; T2.5 t.ha-1 = 2.5 t of Tughutu ha-1242
b) Mean values within a column followed by different letter(s) differ significantly at P.05243
according to Fishers least significance difference.244

245
246

4. CONCLUSION247
248

The inherently low soil fertility status in most parts of the Western Usambara Mountains249
makes sustaining agricultural production difficult. This is the first work to evaluate Tughutu250
alone and/or in combination with phosphate rock or Triple super phosphate on their influence251
on growth, amount of phosphorous and calcium content in bean shoots. The application of252
Tughutu, Minjingu Phosphate Rock or triple super phosphate and their combination showed253
significant synergistic effects in plant growth, amount of phosphorous and calcium and254
improvement in selected chemical soil properties measured at the end of the crop season. In255
conclusion, the locally available shrub (Tughutu) and Minjingu Phosphate Rock can256
constitute a very valuable and viable supplement to the industrial fertilizer sources in the257
Western Usambara Mountains. Future research could also focus on the relative cost258
(collecting, purchasing, supply of the products, transport and farm labour) of applying259
Tughutu and Minjingu Phosphate Rock in relation to that of triple super phosphate. There260
would appear to be no negative effects of Tughutu and Minjingu Phosphate Rock application261
on these soils or the bean crop.262
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