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Abstract 

A study was conducted in two villages with contrasting agro ecological conditions in Western 
Usambara Mountains, Tanzania to investigate the amount of soil and nutrients lost and the factors 
influencing variation of soil loss due to crop harvesting (SLCH) for Carrot (Daucus carrota), Onion 
(Allium cepa L.) and Round Potato (Solanum tuberosum L.) under low input agriculture. Soil particles 
adhering on roots, bulbs and tubers were cleaned and the soil suspension oven dried to constant weight 
at 105 0C to estimate the amount of soil lost after harvesting. Mean soil loss respectively in Majulai and 
Migambo villages were as follows: onion 3.00 and 5.94 Mg ha-1 harvest-1, carrot 7.44 and 9.30 Mg ha-1 
harvest-1 and round potato 1.12 and 0.55 Mg ha-1 harvest-1. Soil nutrient losses for onion were N = 6.3, P 
= 0.04, K = 0.25, OC = 59.83 and N = 14.37, P = 0.06, K = 1.28, OC= 133.9 kg ha-1 harvest-1; carrot were 
total N = 29.59, P = 0.09, K = 1.50, OC = 362.2 and N = 32.33, P = 0.07, K = 0.82, OC= 422.5 kg ha-1 
harvest-1; round potato were total N = 2.79, P = 0.007, K = 0.29, OC = 28.91 and N = 1.83, P = 0.03, K = 
0.14, OC = 20.93 kg ha-1 harvest-1 for Majulai and Migambo respectively. SLCH was higher in Migambo 
(humid cold) than in Majulai (dry warm) for all the studied crops. In decreasing order, SLCH trend was 
carrot > onion > round potato for both villages. Soil water content played a significant role in inducing 
SLCH for onion and carrot crops whereas round potato crop was not influenced by soil water content. 
Bulk density and soil texture played only a minor role to SLCH of the studied crops. The observed soil 
and nutrient losses (except for P) are substantial and pose challenge that calls for immediate attention to 
the harvesting practices in the study area.  

Keywords: soil loss due to crop harvesting (SLCH), carrot, onion, round potato; soil erosion, Usambara 
Mountains, Tanzania  

Introduction 

Efforts to arrest soil erosion in Sub-Saharan countries including Tanzania have progressed very slowly 
due to inadequate data and link between specific soil erosion processes and the corresponding control 
measures (Kimaro, 2003). Most of these efforts focus on water and tillage soil erosion, whereas the 
significant amounts of soil that is lost from arable land during harvesting of root, tuber and bulb crops 
such as carrot (Daucus carrota), onion (Allium cepa L.), round potato (Solanum tuberosum L.) and cassava 
(Manihot esculenta) are overlooked (Ruysschaert et al., 2007). Soil sticking to the harvested crops that are 
exported from the field and rarely returned is referred to as soil loss due to crop harvesting (SLCH) 
(Isabirye et al., 2006). 

While many studies on SLCH have been done under highly mechanized agriculture (Poesen et al., 
2001), only a single research by Isabirye et al. (2006) in Uganda was conducted under low input 
agriculture. In their study, SLCH for cassava (Mannihot esculenta) and sweet potato (Ipomoea batatas) 
were investigated and the results showed considerable soil losses for cassava (3.4 Mg ha-1 y-1). 

The present study investigated the magnitude of soil and nutrients losses due to harvesting of carrot 
(Daucus carrota), onion (Allium cepa L.) and round potato (Solanum tuberosum L.) under traditional low 
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input agriculture in two contrasting agro ecological settings in the Usambara Mountains, Tanzania. The 
objectives of this study were: (1) to determine the magnitude of SLCH (2) to investigate the factors that 
determine the intensity of soil loss, and (3) to determine the magnitude of soil nutrients loss from 
SLCH. 

Material and methods 

Study area 

This study was conducted in the Migambo and Majulai villages, Western Usambara Mountains, 
Lushoto District, Tanzania (Table 1) located between 38o15’ E to 38o24’ E and 4o34’ S to 4o48’ S. 
Migambo is humid cold with mean annual air temperature of 12 oC−17 oC and annual precipitation is 
792–2,296 mm (Msita, 2013). Majulai is dry warm with mean annual air temperature between 16 oC−21 
oC and annual precipitation of 500–1,700 mm.  

Table 1. Salient features of the study area 

Crop AEZ Altitude 
m 

% 
Slope 

Landform % Soil 
water 
content 

Bulk 
density 
g cc-1 

 Soil 
texture 

Soil type 

Majulai village Dry 
warm 
zone 

       

Onion  1355-
1401 

0.5-1 Valley and 
toe slopes 

30.13 1.33 SCL Haplic and 
Gleyic Fluvisols 
& Stagnic 
Acrisols  

Carrot  1530-
1719 

1-2 Valley and 
toe slopes 

31.93 1.10 SCL & 
C 

Round potato  1383-
1633 

30-55 Lower 
slopes 

37.77 1.33 C, SC & 
SCL 

Cutanic 
Acrisols  

Migambo 
village 

Humid 
cold 
zone 

       

Onion  1572-
1620 

1-3 Valley and 
toe slopes 

82.63 1.31 SCL  Mollic Fluvisols 

Carrot  1603-
1654 

0.5-1 Valley 58.23 0.90 SL & 
SCL 

Mollic Fluvisols 

Round potato  1552-
1576 

20-25 Mid and 
lower 
slopes 

84.87 1.17 C & 
SCL 

Ferralic 
Acrisols 

 

Data collection    

In each of the three farms selected per crop, harvesting was done randomly at three quadrants of plots 
of 1 m2 each (Plate 1). Soil particles were removed from roots, bulbs and tubers by washing out with 
clean water. The total dry soil mass was determined after evaporation of the wash water at 75–80 0C 
and then oven dried overnight at 105 0C (Isabirye et al., 2006). Compact soil for moisture determination 
and composite top soil samples were collected for soil fertility analysis. At each sampling point land 
use, slope gradient and altitude were recorded and georeferenced. Soil loss due to crop harvesting 
variables were calculated as SLCH per unit of net crop mass i.e mass-specific SLCH (SLCHspec) and 
SLCH on an area-unit basis i.e. crop-specific SLCH (SLCHcrop) as per Ruysschaert et al. (2004).  

SLCHspec (kg kg-1) = 
rf

crop

dsM  + M    

M   
……………………………………………………… (1)  

Where; Mds is the mass of oven dry soil (kg), Mrf is the mass of rock fragments (kg) = 0, Mcrop is the net 
crop mass (kg) 
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SLCHcrop (Mg ha-1 harvest-1) = SLCHspec x Mcy........................................................................ (2) 

Where Mcy is the crop yield                               

Nutrient loss (kg ha-1 harvest-1) = 
1 1 1Nutrient (g kg  soil) x SLCHcrop (Mg ha  harvest )  

……… (3) 

Soil analysis  

Soil analysis was done following the laboratory manual of Moberg (2001). Organic carbon was 
measured using the dichromate oxidation method; total nitrogen by Kjeldahl method; available 
phosphorus, Ca2+ and Mg2+ by atomic absorption spectrophotometer, Na+ and K+ by Flame photometer; 
pHwater was determined by normal laboratory pH meter; bulk density by gravimetric method and texture 
by hydrometer method. 

Statistical analysis 

Regressions analysis was performed using Minitab 14 software (Minitab, 2004) to detect the 
relationships between SLCHspec against soil texture, soil water content and bulk density. The data on 
SLCHcrop were subjected to ANOVA using Genstat 14 software (Genstat, 2011). Least Significant 
Difference (LSD0.05) was used to detect mean differences.  

Results and discussions 

Effect of soil water content, bulk density (BD) and soil texture on SLCH variability 

Onion. Mean SLCHspec for onion was 0.12 kg kg-1 ranging from 0.02 to 0.25 kg kg-1 in Majulai. The 
mean SLCHspec in Migambo was 0.45 kg kg-1 ranging from 0.18 to 0.63 kg kg-1. SLCHcrop ranged from 
1.0 to 4.0 Mg ha-1 harvest-1 with average of 3.0 Mg ha-1 harvest-1 in Majulai and ranged from 2.20 to 12.18 
Mg ha-1 harvest-1 with average of 5.94 Mg ha-1 harvest-1 in Migambo. Bulk density (BD) had positive 
influence on SLCHspec for onion in Majulai whereas in Migambo it had no influence (Table 2). Soil 
texture and soil water content (SWC) played only a minor role on SLCH for onion variability in both 
villages. The low correlation between SLCHspec with SWC and soil texture is partly due to the small 
variations of SWC, sand, clay and silt contents of the farms sampled (Table 1). Similar observation was 
reported by Isabirye et al. (2006) and Ruysschaert et al. (2004) where small variations in sand and clay 
contents and SWC that characterized most farms sampled was the reason for the poor correlations 
between SLCH with texture and SWC.  

When the effects of the two villages are combined together, the following variability of SLCHspec for 
onion with respect to SWC, soil texture and bulk density were observed: Soil water content had positive 
influence on SLCHspec, whereas sand, silt, clay and BD had low strength of correlations with 
SLCHspec for onion (Table 3, Figure 2a & 3a). 
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Table 2. Relationship between SLCHspec (Y) and % SWC at harvesting time, BD (g cc-1), % clay, % silt and 
% sand for the studied crops in Majulai and Migambo village 

 Majulai   Migambo   

Measured variable n Y R2 p Y R2 p 

Onion 

Clay (%) 9 0.243-0.00388X1 0.139 0.323 -0.07 + 0.018X1 0.009 0.809 

Sand (%) 9 -0.108+0.0036X2 0.188 0.244 -1.59+0.0325X2 0.215 0.208 

Silt (%) 9 0.243-0.025X3 0.404 0.066 0.715-0.035X3 0.25 0.171 

SWC (%) 9 0.256-0.00459X4 0.366 0.085 1.31- 0.0105X4 0.019 0.724 

BD (g cc-1) 9 -0.776+0.674X5 0.713 0.004 1.73-0.983X5 0.205 0.221 

Carrot        

Clay (%) 9 0.761-0.0115X1 0.291 0.134 -0.77+0.0472X1 0.843 0.000 

Sand (%) 9 -0.362+0.0132X2 0.275 0.148 29.0 -0.478X2 0.842 0.000 

Silt (%) 9 -0.553 + 0.087X3 0.382 0.076 1.21-0.0521X3 0.84 0.001 

SWC (%) 9 0.324+0.00056X4 0.001 0.949 -0.940+0.023X4 0.760 0.002 

BD (g cc-1) 9 0.945-0.548X5 0.142 0.317 -0.878+1.450X5 0.848 0.000 

Round potato 

Clay (%) 9 0.129-0.00096X1 0.175 0.263 0.79-0.19lnX1 0.005 0.861 

Sand (%) 9 0.026+0.00128X2 0.256 0.165 -0.53+0.0133X2 0.046 0.581 

Silt (%) 9 0.135-0.005X3 0.091 0.43 0.325-0.103lnX3 0.028 0.667 

SWC (%) 9 0.0376+0.0014X4 0.057 0.535 0.015+0.00094X4 0.003 0.894 

BD (g cc-1) 9 0.141-0.038X5 0.002 0.902 0.095-0.013lnX5 0.000 0.971 

Where X1, X2, X3, X4 and X5 are % clay, % sand, % silt, % SWC and BD respectively 

 

Carrot. Mean SLCHspec for carrot was 0.34 kg kg-1 ranging from 0.18 to 0.56 kg kg-1 in Majulai, while 
the mean SLCHspec in Migambo was 0.42 kg kg-1 and ranged from 0.18 to 0.87 kg kg-1. SLCHcrop 
ranged from 4.0 to 13.0 Mg ha-1 harvest-1 with a mean of 7.44 Mg ha-1 harvest-1 in Majulai and ranged 
from 2.75 to 22.86 Mg ha-1 harvest-1 with a mean of 9.3 Mg ha-1 harvest-1 in Migambo. BD, SWC and % 
clay had positive influences on SLCHspec for carrot whereas % sand and % silt had negative influences; 
this agreed with the study by Ruysschaert et al. (2006) and Ruysschaert et al. (2007) where gravimetric 
soil moisture content and % clay were positively related to SLCHspec. On the other hand, in Majulai 
SLCH was not influenced by these factors. These differences can be explained by the high soil water 
content at harvesting time in Migambo than in Majulai (Table 1) which facilitated soil particles to stick 
on carrot roots. A similar observation was reported by Ruysschaert et al. (2005) where rainfall depth was 
found to influence SLCH of sugar beets.  

When the effects of the two villages are combined together, variability of SLCHspec for carrot with 
respect to SWC, soil texture and BD were as follows: soil water content had positive influence on 
SLCHspec for carrot, whereas sand, silt, clay and BD had low strength of correlations with SLCHspec 
for carrot (Table 3, Figure 2b & 3b). This is partly due to high variations in SWC between the two 
villages (Table 1).  
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Figs. 2a, b and c. The influences of % SWC and BD to variations of SLCHspec 

Round potato. Mean SLCHspec for round potato was 0.09 kg kg-1 and ranged from 0.05 to 0.14 kg kg-1 

in Majulai, the mean SLCHspec in Migambo was 0.096 kg kg-1 ranged from 0.05 to 0.23 kg kg-1. 
SLCHcrop ranged from 0.7 to 2.0 Mg ha-1 harvest-1 with a mean of 1.12 Mg ha-1 harvest-1 in Majulai and 
ranged from 0.23 to 1.20 Mg ha-1 harvest-1with a mean of 0.55 Mg ha-1 harvest-1 in Migambo. SLCHspec 
for round potato was not influenced by SWC, BD and soil texture at harvesting time (Table 2 & Table 3). 
However, SWC and % sand had a weak positive correlation whereas BD, % clay and % silt had weak 
negative influence on SLCHspec for round potato (Table 3, Figure 2c and 3c). 
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Table 3. Relationship between SLCHspec (Y) and % SWC at harvesting time, BD (g cc-1), % clay, (%) 
silt and % sand as X variables for the studied villages when combined 

Measured variable N Y R2 p 

Onion 

Clay (%) 18 0.697 – 0.0134X1 0.086 0.237 

Sand (%) 18 -0.115+ 0.00634X2 0.03 0.493 

Silt (%) 18 0.204 + 0.0124X3 0.021 0.562 

SWC (%) 18 -0.0374 + 0.0057X4 0.527 0.001 

BD (g cc-1) 18 0.811– 0.402X5 0.024 0.539 

Carrot     

Clay (%) 18 0.336 +  0.0015X1 0.004 0.815 

Sand (%) 18 -0.228 + 0.0108X2 0.069 0.292 

Silt (%) 18 0.676 - 0.0231X3 0.201 0.062 

SWC (%) 18 0.086 + 0.0066X4 0.248 0.035 

BD (g cc-1) 18 -0.046 + 0.430X5 0.120 0.159 

Round potato 

Clay (%) 18 0.131– 0.00091X1 0.028 0.508 

Sand (%) 18 0.227+ 0.0485lnX2 0.046 0.393 

Silt (%) 18 0.141 – 0.0052X3 0.024 0.538 

SWC (%) 18 0.0836 + 0.00015X4 0.006 0.758 

BD (g cc-1) 18 0.13 – 0.030X5 0.004 0.802 

Where X1, X2, X3, X4 and X5 are % clay, % sand, % silt, % SWC and BD respectively 
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Figs 3 a, b and c. The influences of soil texture to variations of SLCHspec 
 

Differences in SLCH between crops in Majulai and Migambo villages 

In Majulai SLCHspec and SLCHcrop values were respectively higher (F(2, 24)=20.63, P = 0.001) and (F(2, 

24)= 31.83, P = 0.001) for carrot than for onion and round potato, whereas SLCHcrop for onion was 
higher than that of round potato. Onion yields were higher than those of carrot and of round potato 
(Table 4). In Migambo SLCHspec and SLCHcrop values were respectively higher (F(2, 24)= 9.98, P = 
0.001)  and (F(2, 24)= 7.2, P = 0.004) for carrot and onion than for round potato. Carrot yields were higher 
than those of onion and of round potato. 

Table 4. Impact of the studied crops on SLCHspec and SLCHcrop in Majulai and Migambo villages 

Crops N SLCHspec (kg kg-1) SLCHcrop (Mg ha-1 harvest-1) Crop yield (Mg ha-1) 

Majulai     

Onion 27 0.12 3.0 34.78 

Carrot 27 0.34 7.44 22.60 

Round potato 27 0.09 1.12 12.70 

LSD (P ≤ 0.05)  0.09 1.68 11.90 

Migambo     

Onion 27 0.45 5.94 14.70 

Carrot 27 0.42 9.30 20.30 

Round potato 27 0.096 0.551 6.40 

LSD (P ≤ 0.05)  0.18 4.80 5.43 
 

Soil nutrient losses associated with SLCH of the studied crops  

Soil nutrient losses due to crop harvesting are presented in Table 5. Soil nutrient loss differences 
between crops and villages can be attributed by the differences in average crop yield and the inherent 
nutrient status of the topsoil. Nutrient losses are higher in Migambo (humid cold) than in Majulai (dry 
warm). In absolute terms the reported losses particularly of OC, TN, Ca, Mg and K could be alarming.  

Table 5. Estimates of soil nutrient loss (kg ha-1 harvest-1) for each crop in two villages 

Crop n OC TN P  K+ Ca2+ Mg+ Na+ 

Majulai 

Onion 27 20.78 6.3 0.04 0.25 3.89 1.08 0.17 

Carrot 27 365.2 29.59 0.087 1.496 18.57 3.917 0.679 

Round potato 27 28.91 2.79 0.007 0.295 1.73 0.53 0.109 

Migambo 

Onion 27 133.9 14.37 0.06 1.28 10.3 2.96 0.37 

Carrot 27 422.48 32.33 0.07 0.82 15.54 2.78 0.44 

Round potato 27 20.93 1.83 0.003 0.14 1.16 0.19 0.011 
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Conclusions and recommendations 

Conclusions. Considerable rates of soil and nutrient losses due to crop harvesting were revealed, this 
calls for the need to include SLCH in soil erosion mitigation strategies to reduce overall soil erosion. Soil 
water content plays a significant role on variability of SLCH for onion and carrot with minor influence 
for round potato. Bulk density and soil texture played a minor role in SLCH of the studied crops.  
Higher SLCH was observed in carrot harvesting followed by onion and round potato being the least. 
Migambo village had higher rates of SLCHspec and SLCHcrop as compared with Majulai. 

Recommendations. Soil losses due to crop harvesting can be reduced by avoiding harvesting of crops 
when soils are wet and sticky. Furthermore, farmers should clean the soils stuck on the harvested crops 
at their farm plots instead of cleaning them at their homes and river streams as usually practised in 
Usambara Mountains. More research is needed to assess SLCH for other crops in a wider range of soils 
and climatic conditions under low input agriculture. Involvement of more than one season will also be 
important to consider in such a research. 
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