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Biotic and abiotic stress combined with the use of less productive local cultivars cause low production 
of finger millet in Ethiopia. This research was conducted to investigate acidity tolerance of finger millet 
accessions. Preliminary screening was done on 288 accessions and six improved national cultivars of 
finger millet. Twenty randomly selected and surface-sterilized seeds of each germplasm were wrapped 
and germinated in a tissue paper in Petri dishes. Thirty six hours-old seedlings of uniform size were 
transferred to the nutrient solutions having 500 µM KNO3, 500 µM CaCl2, 500 µM NH4NO3, 150 µM 
MgSO4.7H2O, 10 µM KH2PO4, 2 µM FeCl3 (III) and 112.5 µM Al2 (SO4)3.18H2O and allowed to grow for a 
further 8 days along with tolerant and susceptible references. Characterization with (112.5 µM) and 
without (0 µM) Al conditions was also done on 80 accessions. After eight days root and shoot length of 
seedlings were measured using a ruler, while fresh weight of these seedlings was taken using a digital 
balance. Mean separation and analysis of variance on each treatment was conducted using SPSS 
software. Relative total root length (RTRL) and root growth inhibition (RGI) were also estimated. From 
screening of 288 accessions, 75 (26.04%) of them were Al tolerant, while 213 (73.95%) of them were 
medium to susceptible. From characterization, 63 (78.75%) showed significant Al stress in root length, 
23 (28.75%) in fresh weight, while no distinct and visible symptom were observed in shoot growth. The 
study clearly showed the possibility of developing lines and genotypes that can tolerate acidity in 
Ethiopian context and support agricultural development in acidic soils in the country and in the world. 
 
Key words: Acid soils, finger millet, hydroponics, screening, plant roots. 

 
 
INTRODUCTION 
 
Acid soils (with a pH of 5.5 or lower) are among the most 
important limitations to agricultural production. It has 
been estimated that 15% of the world’s soil is  acidic  and 

that over 50% of the world’s potentially arable lands are 
acidic (von Uexküii and Mutert, 1995). Aluminium (Al

3+
) 

ranks third in abundance among the earth’s crust
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elements, after oxygen and silicon, and is the most 
abundant metallic element. A large amount of Al is 
incorporated into aluminosilicate soil minerals and very 
small quantities appear in the soluble form, capable of 
influencing biological systems (Silva et al., 2012). When 
pH drops below 5.5, aluminosilicate clays and aluminium 
hydroxide minerals begin to dissolve, releasing 
aluminium-hydroxyl cations and Al

3+
 then it exchanges 

with other cations. The chemistry of Al
3+

 in soil solution is 
complicated by the fact that soluble inorganic (such as 
sulfate and fluoride) and organic ligands form complexes 
with Al

3+
. Whether a ligand increases or decrease 

aluminium solubility depends on the particular aluminium-
ligand complex and its tendency to remain in solution or 
precipitate. The mononuclear Al

3+
 species is considered 

as the most toxic form of aluminium (Kochian, 1995). 
Aluminium bioavailability and, in consequence toxicity, is 
mainly restricted to acidic environment.  

At high concentrations, Al can be a serious threat to 
agricultural production because it inhibits growth of the 
roots through various mechanisms, inducing oxidative 
stress (Zheng and Yang, 2005), callose induction, 
peroxidation of the cellular membrane, aluminium 
accumulation and nutrient imbalances and that ends with 
cell death (May and Nordstrom, 1991). There is 
considerable variability in A1 tolerance within species and 
this has been useful to breeders in developing Al-tolerant 
cultivars of various crops. Generally, there are two main 
types of Al tolerance mechanisms: (a) those that exclude 
Al from the root cells and (b) those that allow Al to be 
tolerated once it has entered the plant cells (Barceló and 
Poschenrieder, 2002; Kochian et al., 2005).   

Eleusine coracana commonly known as finger millet or 
Ragi is cultivated for its grain in many parts of Africa and 
India (Hilu and Johason, 1992). Archeological studies 
confirmed domestication of E. coracana started around 
5000 B.C. in Western Uganda and highlands of Ethiopia; 
and it arrived in India much earlier, probably more than 
3000 years ago (Hilu et al., 1979). It is a versatile grain 
that can be used in many different types of food. It is 
eaten by grinding the grains up for porridge and other 
food items. Sometimes it is ground into flour and used for 
bread or various baked products like ‘injera’ in Ethiopia. 
Finger millet is particularly rich in dietary fiber and 
minerals such as calcium, proteins, phosphorus, amino 
acids, and iron (Asrat and Frew, 2001) as compared to 
major cereals grown in Ethiopia. In addition to being 
nutritious, millets are also considered as healthy food. 
The grains of most millets do not contain gluten, a 
substance that causes celiac disease or other forms of 
allergies. Babu et al. (1987) reported that some high-
yielding varieties also contain high protein content (8 to 
12%) and also rich in calcium content (294 to 390 mg/100 
g). Even though it is an important food security crop, 
production of the crop is inconsistent due to biotic and 
abiotic stresses and aluminium toxicity is one of the major 
factors.  Hence,  this  work  was  initiated   with   the   aim  
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of screening finger millet accessions and varieties for 
their Al tolerance in order to enhance the productivity of 
finger millet in Ethiopia and in the world. 
 
 
MATERIALS AND METHODS 

 
Equipment setup 

 
Dense narrow holes were introduced into as many Eppendorff 
tubes as required in such a way that the holes did not allow finger 
millet seeds to pass through but rather allowed in air bubbles for 
aerating the seedlings in the tube. "Rack" like plates to hold the 
perforated Eppendorff were made from jar plastic plate by 
introducing wide holes capable of holding and submerging 
Eppendorff tubes in the nutrient solution (Haftom et al., 2017). 
White plastic dishes were used as solution container with 
adjustable lids. 
 
 
Nutrient solution culture 

 
Nutrient solution culture prepared according to Delhaize et al. 
(2004) and composed of 500 µM KNO3, 500 µM CaCl2, 500 µM 
NH4NO3, 150 µM MgSO4.7H2O, 10 µM KH2PO4, 2 µM FeCl3 (III) 
and 112.5 µM Al2 (SO4)3.18H2O.  
 
 
Plant and germination conditions 

 
Three hundred accessions and six improved national cultivars of 
finger millet (E. coracana) were obtained from Ethiopian Institute of 
Biodiversity (EIB) and Nekemte Agricultural Finger Millet Research 
Center, respectively. Twenty randomly selected and surface-
sterilized seeds of each germplasms were wrapped and germinated 
in a tissue paper, moistened with distilled water, in Petri dishes. 
Thirty 6 h-old seedlings of uniform size were transferred to the 
nutrient solutions and allowed to grow for a further 8 days along 
with tolerant (Gute variety) and susceptible (Necho variety) 
references. 
 
 
Treatments 

 
Preliminary screen of 300 accessions was carried on the threshold 
toxicity level of Al (112.5 µM) on six successive groups. 
Characterization with (112.5 µM) and without (0 µM) Al conditions 
was also done on 80 Ethiopian finger millet accessions. The control 
experiment also included all the above nutrients except Al2 
(SO4)3.18H2O. The experiment was laid down in Randomized 
Complete Block Design (RCBD) with three replications.  The pH of 
the nutrient was adjusted to 4.3 by using 1M HCl and the solution 
was renewed for every 24 h. 
 
 
Data recording and statistical analysis 

 
After eight days, root and shoot length of seedlings were measured 
using a ruler, while fresh weight of the seedlings was taken using a 
digital balance (Version No. 339, capacity 210 AE Adam ® with 
0.0001 precision). Mean and analysis of variance (ANOVA) on each 
treatment was conducted using SPSS software version 20. Tukey 
HSD was used to make pair wise mean comparison of each 
germplasm under control and Al-treated conditions. Relative total 
root length (RTRL) and root growth inhibition (RGI) were also 
estimated using the following method (Mendes et al., 1984). 
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Figure 1. Sample pictures of 8-day old seedlings showing root length difference between different 

varieties grown at 0 M (control) above 112.5M below Al3+ concentrations. 

 
 
 
 

 

 

× 100 

 
  

 
where RTRL is relative total root length and RGI is the root growth 
inhibition. 
 
 
RESULTS AND DISCUSSION 
 
Screening of finger millet accession for Al

3+ 
trait 

response 
 
A total of 288 accessions were screened in successive 
six groups, each group contained 50 accessions 
including the two references. The average root length 
screened in group one varied from 0.20 to 2.30 cm, while 
the references varieties Gute and Necho showed 2.11 
and 1.54 cm, respectively. Furthermore, accessions 
screened in group two had an average root length 
ranging from 0.1 to 2.76 cm, while Gute and Necho had 
1.92  and 0.12 cm, respectively. Similarly in group three it 

ranges from 0.11 to 2.61 cm, while Gute is 2.30 cm and 
Necho is 0.93 cm. Accessions screened in group four 
showed better average root growth as compared to the 
other batches and varied from 0.67 to 0.31 cm, while 
Gute and Necho produced 1.61 and 0.31 cm, 
respectively. The root length in accessions of group five 
was between 0.32 to 3.00 cm, Gute and Necho were 1.94 
and 1.16 cm, respectively. Likewise, the performance of 
accessions of group six ranged between 0.17 to 0.27 cm, 
while Gute and Necho were 1.95 and 0.48cm, 
respectively details displayed in (Appendix 1 and Figure 
1). From the screening result on 288 accessions along 
with the standard checks in six batches, only a few of 
them were Al tolerant 75 (26.04%), while 213 (73.95%) of 
the total accessions showed medium to susceptible 
tolerance. 

 
 
Characterization of Ethiopian finger millet for 
aluminium tolerance  

 
Out of a total of 80 accessions characterized for further 
evaluation with and without Al conditions, 74 were
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Figure 2. Effect of Al toxicity on root length on 80 finger millet accessions grown under treated; 112.5 µM and 
control; 0 µM Al3+ under hydroponics.  

 
 
 
landrace accessions and six improved national varieties. 
There was significant (P-value of 0.05) Al induced stress 
among accessions in root and fresh weight measurement 
(Figures 3 and 4). In root length, 63 accessions (78.75%) 
showed significant Al induced stress and 23 (28.75%) in 
fresh weight, while no distinct and visible symptom of 
aluminium toxicity were observed in the shoot of finger 
millet genotypes (Figure 2). High root length inhibition 
was reported in pigeon pea on 20 µM AlCl3 (Choudhary 
et al., 2011) and in maize at 20 µM (Wagatsuma et al., 
2005). The present study also confirmed the  inhibition  of 

root growth at 112.5 µM due to aluminium phytotoxicity. 
Root growth inhibition is considered to be the primary 
consequence of aluminium toxicity, resulting in a smaller 
volume of soil explored by the plant roots, consequently 
reducing its mineral nutrition and water absorption. 
Furthermore, it reduces cell membrane permeability and 
binds to the phosphate groups of the deoxyribonucleic 
acid decreasing replication and transcription activity and 
also cell division inhibition (Kochian et al., 2005). 

In the present study, no distinct and visible symptoms 
of aluminium toxicity were observed in  the  shoot  growth
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Figure 3. Effect of Al toxicity on shoot length on 80 finger millet accessions grown under treated; 112.5 µM and 
control; 0 µM Al3+ on hydroponics.  

 
 
 
of finger millet genotypes, similar with the findings in 
pigeon pea on 20 µM AlCl3 (Choudhary et al., 2011). 
Long term exposure might affect nutrient uptake, which 
can lead to nutritional deficiencies in shoots and leaves 
(Jiang et al., 2008). The overall effect of aluminium 
toxicity was expressed on the reduction of yield and its 
total biomass. Fresh weight reduction in 23 (28.75%) 
accessions was also observed in this study. The 
decreased root growth could be the main cause for 
reduction in fresh weight. 

Al tolerance in finger millet genotype as revealed by 
relative total root length  
 
Accessions collected from Western Ethiopia, Gojam 
(100033and 213035), Awi (100036 and 243642) and 
Wellega (100095, 100097, and 245084) were the best 
seven tolerant accessions, while accessions (219815, 
219818, 219819, 219820, and 219821) collected from 
Northern Ethiopia showed least tolerance levels 
(Appendix 2). According to Abdenna et al. (2007),  acidity  
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Figure 4. Effect of Al toxicity on fresh weight (g) on 80 finger millet accessions grown under treated; 112.5 µM and 
control; 0 µM Al3+ on hydroponics. Key: (A= 1-26; B = 27-52; C= 53-80). *Significant at p<0.05 Tekuy HSD test. 

 
 
 
affected soils are prevalent in the Western and Southern 
parts of Ethiopia, areas such as Nedjo, Diga, Gimibi and 
Bedi in Oromiya, Chencha and Sodo in SNNP, and 
Gozamin and Senan Woreda in Eastern Gojam and Awi 
zone in West Amhara region. In the Western and Eastern 
Wellega zones in particular, the large proportion of 
exchangeable acidity was due to exchangeable 
aluminium while at West Showa zone, it was due to 
exchangeable hydrogen. Moreover, accessions collected 
from these areas were found to be Al

3+
 tolerant, this is 

mainly due to enhanced tolerance against Al 

concentration that were developed due to long term 
exposure to soil acidity in this region. This may  also be 
due to the fact that they exclude Al from the root cells and 
allow Al to be tolerated once it has entered the plant cells 
(Barceló and Poschenrieder, 2002; Kochian et al., 2005).   
 
 
Conclusions 
 
Among national varieties, Necho and Wama as was 
relatively   Al   sensitive   as   revealed   by   root    growth  
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inhibition compared to other varieties of finger millet. 
Thus, these varieties should not be recommended in 
areas where soil acidity is predominant. However, Gute 
and Degu varieties were relatively Al tolerant as revealed 
by root growth performance and can be promoted in 
areas where soil acidity is a challenge. Root length (RL) 
was affected more by Al toxicity than shoot length (SL). 
The impact of Al toxicity on finger millet germplasm 
became intense upon toxicity level increments. This study 
is the first of its kind to evaluate the performance of 
Ethiopian finger millet to Al-toxicity. The study clearly 
showed the possibility of developing lines and genotypes 
that can tolerate acidity in Ethiopian context and support 
agricultural development in acidic soil areas in the 
country. 
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Appendix 1A. Mean root length ± standard error on 300 accessions and two standard checks grown under hydroponics at 112.5 µM Al concentration. 
 

S/N ACC. M±SE  S/N ACC. M±SE  S/N ACC. M±S.E  S/N ACC. M±SE 

1 Gute 1.111±0.02  41 9355 1.889±0.56  81 100086 0.833±0.35  121 203576 0.511±0.10 

2 Necho 0.378±0.15  42 9356 1.455±0.20  82 100088 1.189±0.89  122 203577 0.978±0.35 

3 9314 1.611±0.42  43 9357 1.933±0.35  83 100089 2.578±0.20  123 203581 0.789±0.10 

4 9315 0.556±0.04  44 9358 2.022±0.55  84 100091 1.992±0.08  124 203582 0.511±0.10 

5 9316 0.922±0.52  45 9359 1.700±0.4  85 100092 1.589±0.21  125 203583 0.455±0.187 

6 9317 0.933±0.13  46 9360 2.255±0.43  86 100094 0.656±0.43  126 203584 0.833±0.20 

7 9318 0.466±0.18  47 9361 1.967±0.49  87 100095 2.344±0.28  127 203586 0.433±0.15 

8 9319 1.700±0.30  48 9362 1.111±0.74  88 100096 1.889±0.50  128 203587 0.378±0.12 

9 9320 1.611±0.19  49 9363 2.300±0.32  89 100097 2.089±0.26  129 203588 0.778±0.35 

10 9321 0.311±0.06  50 9513 2.022±0.02  90 203054 1.733±0.48  130 203589 1.711±0.38 

11 9322 1.544±0.16  51 100001 0.167±0.06  91 203055 1.922±0.49  131 203590 0.111±0.1 

12 9323 1.400±0.48  52 100002 0.189±0.08  92 203056 1.544±0.38  132 203591 0.255±0.04 

13 9324 0.200±0.01  53 100003 0.100±0.00  93 203057 2.333±0.32  133 203592 0.644±0.34 

14 9325 0.956±0.39  54 100005 0.100±0.00  94 203058 1.267±0.68  134 203593 0.678±0.23 

15 9326 0.611±0.34  55 100006 0.911±0.30  95 203059 1.500±0.40  135 204749 0.933±0.13 

16 9327 0.778±0.18  56 100009 0.355±0.137  96 203062 2.189±0.14  136 204750 0.789±0.11 

17 9328 1.233±0.58  57 100010 0.133±0.01  97 203069 1.189±0.44  137 204751 0.311±0.09 

18 9329 1.989±0.31  58 100011 0.889±0.79  98 203070 0.811±0.39  138 207493 1.022±0.27 

19 9330 1.700±0.43  59 100012 0.344±0.14  99 203071 2.100±0.11  139 207755 0.455±0.13 

20 9331 0.989±0.48  60 100014 0.500±0.40  100 203072 2.444±0.43  140 207756 0.489±0.10 

21 9332 1.033±0.40  61 100016 0.122±0.02  101 203247 2.322±0.12  141 207757 0.589±0.18 

22 9333 1.733±0.28  62 100017 0.656±0.28  102 203339 2.067±0.40  142 207897 0.700±0.24 

23 9334 0.533±0.33  63 100018 1.889±0.17  103 203348 2.044±0.19  143 207960 0.578±0.12 

24 9335 2.056±0.36  64 100019 1.055±0.49  104 203367 1.811±0.13  144 207961 0.989±0.23 

25 9336 2.211±0.29  65 100031 0.289±0.09  105 203422 1.733±0.45  145 207963 0.389±0.14 

26 9337 1.367±0.69  66 100033 1.478±0.16  106 203438 1.467±0.811  146 208442 0.955±0.28 

27 9338 2.067±0.24  67 100034 0.255±0.07  107 203458 2.611±0.27  147 208443 0.755±0.13 

28 9339 2.156±0.29  68 100035 2.278±0.54  108 203467 1.533±0.13  148 208445 0.589±0.11 

29 9340 1.367±0.37  69 100036 2.033±0.25  109 203477 0.711±0.20  149 208724 1.778±0.27 

30 9341 1.522±0.43  70 100045 2.767±0.19  110 203483 1.022±0.18  150 208726 0.789±0.04 

31 9342 0.399±0.12  71 100049 1.244±0.39  111 203486 1.422±0.14  151 211029 0.756±0.09 

32 9344 1.322±0.48  72 100052 1.456±0.66  112 203491 1.567±0.35  152 211473 0.844±0.13 

33 9345 1.255±0.33  73 100054 0.411±0.23  113 203503 1.422±0.02  153 211474 0.755±0.05 

34 9347 0.867±0.27  74 100055 2.122±0.54  114 203526 1.133±0.26  154 212461 0.589±0.32 

35 9348 1.878±0.29  75 100056 1.289±0.22  115 203531 1.767±0.25  155 212462 0.600±0.50 

36 9349 0.956±0.29  76 100061 1.467±0.30  116 203552 0.855±0.21  156 212692 0.178±0.06 
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37 9350 0.944±0.47  77 100063 0.855±0.48  117 203570 1.478±0.23  157 212693 0.233±0.06 

38 9351 1.789±0.50  78 100064 1.100±0.27  118 203571 0.511±0.04  158 212694 0.444±0.19 

39 9352 1.411±0.70  79 100065 0.811±0.36  119 203573 1.300±0.28  159 213032 0.422±0.22 

40 9354 2.267±0.21  80 100076 1.989±0.32  120 203575 0.711±0.09  160 213033 0.200±0.03 

               

161 213034 3.133±0.21  201 215958 0.533±0.11  241 223006 0.244±0.14  281 245088 1.067±0.30 

162 213035 1.889±0.48  202 215961 0.789±0.06  242 223007 1.167±0.36  282 245091 1.044±0.24 

163 213227 1.789±0.06  203 215969 0.778±0.54  243 223008 0.733±0.33     

164 213835 0.411±0.06  204 215975 0.444±0.29  244 223009 0.822±0.24     

165 214207 0.211±0.01  205 215985 0.522±0.37  245 223011 0.533±0.20     

166 214208 0.222±0.04  206 215987 0.322±0.06  246 223013 0.667±0.27     

167 214210 0.789±0.62  207 215991 2.567±0.06  247 223014 0.289±0.07     

168 214987 0.322±0.07  208 216044 2.033±0.60  248 223016 0.322±0.09     

169 214990 1.600±0.55  209 216053 3.000±0.40  249 223017 1.100±0.21     

170 214995 0.656±0.08  210 216054 1.133±0.54  250 223018 0.878±0.48     

171 215668 1.667±0.35  211 216056 2.156±0.40  251 223019 0.522±0.16     

172 215800 0.478±0.31  212 217674 1.467±0.69  252 223024 0.222±0.06     

173 215801 0.656±0.19  213 217675 2.211±0.05  253 223025 1.144±0.04     

174 215802 1.833±0.59  214 217677 2.711±0.35  254 223026 0.167±0.01     

175 215803 1.500±0.86  215 219814 0.944±0.21  255 223027 0.222±0.12     

176 215804 1.455±0.17  216 219815 0.678±0.12  256 223028 0.322±0.20     

177 215805 1.678±0.72  217 219818 0.633±0.18  257 223029 1.478±0.52     

178 215826 0.689±0.47  218 219819 0.700±0.29  258 223031 1.978±0.09     

179 215827 1.067±0.67  219 219820 1.889±0.27  259 223033 0.289±0.13     

180 215828 1.500±0.86  220 219821 1.244±0.08  260 223034 0.633±0.20     

181 215829 0.211±0.04  221 219824 0.733±0.08  261 223037 0.911±0.51     

182 215830 1.778±0.89  222 219834 1.278±0.31  262 223038 0.344±0.12     

183 215844 2.400±0.11  223 219835 1.478±0.26  263 223039 0.200±0.01     

184 215850 1.722±0.32  224 219838 1.678±0.14  264 223144 1.556±0.39     

185 215855 0.744±0.51  225 220090 1.400±0.15  265 243634 1.789±0.16     

186 215863 2.000±0.16  226 221697 1.044±0.37  266 243635 0.422±0.17     

187 215865 1.622±0.42  227 221699 1.678±0.21  267 243636 2.133±0.06     

188 215874 0.878±0.51  228 222975 0.389±0.06  268 243637 1.211±0.68     

189 215877 2.078±0.46  229 222978 0.422±0.13  269 243638 2.700±0.35     

190 215878 0.3±0.10  230 222980 1.167±0.27  270 243639 1.122±0.42     

191 215882 0.411±0.11  231 222990 0.833±0.20  271 243640 1.711±0.57     

192 215883 2.111±0.29  232 222991 1.455±0.29  272 243641 1.599±0.38     
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193 215884 1.811±0.11  233 222992 1.344±0.29  273 243642 2.022±0.09     

194 215891 1.455±0.12  234 222994 0.844±0.14  274 243643 1.989±0.02     

195 215900 2.467±0.30  235 222999 1.378±0.16  275 243644 1.556±0.19     

196 215907 1.511±0.67  236 223001 0.589±0.07  276 244798 1.167±0.46     

197 215909 1.167±0.03  237 223002 1.689±0.27  277 245084 2.056±0.12     

198 215912 1.567±0.33  238 223003 0.844±0.22  278 245085 0.633±0.28     

199 215917 0.822±0.56  239 223004 0.755±0.48  279 245086 1.833±0.15     

200 215921 0.367±0.18  240 223005 1.956±0.29  280 245087 1.211±0.23     

 
 
 

Appendix 2. Mean root length ± standard error on 300 accessions and two standard checks grown under hydroponics at 112.5 
µM Al concentration. 
 

Acc. 0 µM 112.5 µM RTRL  Acc. 0 µM 112.5 µM RTRL  Acc. 0 µM 112.5 µM RTRL 

100003 2.978 0.357 0.12  203582 3.3 0.369 0.112  216044 2.6 1.144 0.44 

100011 2.256 1.289 0.571  203584 2.933 0.744 0.254  216053 2.667 0.944 0.354 

100016 1.522 0.389 0.255  203586 2.767 0.767 0.277  216056 2.8 0.133 0.048 

100033 1.789 1.144 0.64  203587 3.044 0.367 0.12  217675 2.8 1.311 0.468 

100034 2.867 0.411 0.143  203590 2.156 0.644 0.299  219503 2.644 0.922 0.349 

100035 3.078 1.656 0.538  207593 3.456 0.511 0.148  219815 3.289 0.111 0.034 

100036 2.067 1.267 0.613  207897 2.867 0.711 0.248  219818 3.978 0.104 0.026 

100045 2.8 1.311 0.468  207960 2.833 0.468 0.165  219819 3.567 0.133 0.037 

100054 4.556 0.578 0.127  207961 3.011 0.522 0.173  219820 3.556 0.189 0.053 

100055 3.2 1.333 0.417  207963 2.389 0.767 0.321  219821 2.744 0.133 0.049 

100094 3.333 1.222 0.367  208724 2.511 0.756 0.301  219824 3.933 0.567 0.144 

100095 2.233 1.422 0.636  211473 3.556 1.6 0.45  219834 1.944 0.089 0.046 

100097 2.222 1.544 0.693  211474 3.289 1.656 0.503  219835 2.522 1.389 0.551 

203054 3.511 1.556 0.443  213033 3.044 1.133 0.372  243637 3.022 0.422 0.14 

203057 2.611 1.467 0.562  213034 2.656 1.344 0.506  243638 2.333 0.389 0.167 

203058 2.933 1.044 0.356  213035 2.133 1.422 0.667  243640 2.3 0.244 0.106 

203059 3.633 1.144 0.315  213227 2.744 1.1 0.401  243642 2.5 1.667 0.667 

203062 2.989 1.233 0.413  215668 3.456 0.767 0.222  245084 2.189 1.689 0.772 

203070 2.744 1.222 0.445  215805 2.333 0.467 0.2  245087 2.533 0.978 0.386 

203071 3.022 1.556 0.515  215827 2.967 1.344 0.453  245091 2.867 1.611 0.562 

203072 2.222 1.2 0.54  215828 2.656 1.467 0.552  Boneya 3.011 0.878 0.292 

203247 2.933 0.378 0.129  215850 3.378 0.256 0.076  Degu 2.6 1.54 0.592 

203339 2.933 1.178 0.402  215877 2.444 0.889 0.364  Gute 2.744 1.533 0.559 
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203438 2.967 0.9 0.303  215883 2.233 1.267 0.567  Necho 4.389 0.156 0.035 

203458 3.267 1.378 0.422  215884 3.122 0.344 0.11  Tadesse 3.444 0.4 0.116 

203467 5.022 0.556 0.111  215900 2.989 1.056 0.353  Wama 3.422 0.522 0.153 

203570 2.289 0.789 0.345  215991 2.422 1.2 0.495  - - - - 
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This paper is based on a study that was conducted in three villages of Njirii, Angondi and Sanjaranda of 
Manyoni District in central Tanzania. The objectives of the study were: (i) to determine the prevailing 
status of beekeeping environment and (ii) to assess the anthropogenic and climate factors that reduce 
honey production. Primary data were obtained using questionnaires and interviews. About 107 
participants were purposively selected from three villages to fill survey questionnaires from the three 
villages. Additionally, about 63 respondents were purposively selected for face to face; these represent 
10% of the beekeepers for each village of the three study villages. Findings show that participants 
associated low honey production with both anthropogenic and climatic factors. Trough regression 
analysis it was revealed a direct relationship between honey production and quantity of rainfall and was 
statistically significant in that low rainfall led to low production of honey. Results also showed that 
bushfires had a negative relationship with the production of honey and was statistically significant. 
However farming and establishment of settlements were not statistically significant, but had inverse 
relationship with honey production in that, as expansion of farms, livestock grazing and settlements are 
increasing, honey production is decreasing. Honey production in the study area could be increased 
through raising awareness on environmental conservation and protection, thus reducing the adverse 
impacts caused by both anthropogenic and climatic factors. 
 
Key words: Honey, climate, anthropogenic, production, Tanzania. 

 
 
INTRODUCTION 
 
Beekeeping is increasingly becoming an important 
activity in the world as it provides opportunity for 
pollination of flowering plants (both  wild  and  cultivated), 

increasing crop yields, honey products and ensuring 
maintenance of habitat and biodiversity (Klein et al., 
2007; Ricketts  et  al.,  2008;  FAO,  2009).  According  to
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IPBES (2016), food crops and wild flowering plants 
depend on pollination especially managed honey bees for 
about 75% and 90% respectively. The abundance of 
honey bees influenced by beekeeping activity is 
significant for the production of food rich in 
macronutrients and minerals which have implication for 
improving community health (Chaplin-Kramer et al., 
2014). In fact, many rural communities benefit from 
beekeeping as it strengthens beekeepers’ livelihoods by 
boosting their household income, employment creation, 
medicine and raw materials for small industries such as 
local brews (Ahmad et al.   2007; Chazovachii et al., 
2013). Moreover, the beekeeping sector has become one 
of the favourite development projects and economic 
growth for many rural communities in developing 
countries (FAO, 2013). Indeed, beekeeping activities 
have been assisting poor communities to become less 
vulnerable to poverty (FAO, 2003). 

Generally, beekeeping is an important component of 
rural development in many African countries (Bunde and 
Kibet, 2016). Increasingly, it is becoming an income 
generating activity that provides food, protects the 
environment and creates jobs in the value chain (UNDP, 
2011). In other words, beekeeping alleviates poverty and 
sustains rural employment (Messely, 2007). Similarly, 
beekeeping activities in Africa plays a significant role in 
semi and semi-arid areas where agriculture and 
livestock-keeping activities have diminished due to 
unfavourable climate (Berem et al., 2010; 
Gebretinsae   2014). Despite its relevance, FAO (2003) 
pinpoints that the sector has generally been given less 
priority in development planning and policies by many 
African countries than crop production and livestock 
rearing.  

Tanzania has a long history of beekeeping which, in 
fact, predates agricultural activities (Hausser and Mpuya, 
2004). The sector has been credited with playing a major 
role played in environmental conservation and socio-
economic development in Tanzania (Lalika and 
Machangu  2008; Pima et al.  2016). In Tanzania’s rural 
communities, beekeeping activities increase household 
income in addition to ensuring the availability of food and 
nutrition and medicine (URT, 2004) as the country is rich 
in bee fodder plants that include both natural plants and 
crops (Hausser and Mpuya, 2004). The country has 
about 33.5 ha of forest and woodlands potential for 
beekeeping activities of which about 13 million ha and 1.6 
ha of this total forest area have been gazetted as forest 
reserves and are under water catchment management 
respectively (United Republic of Tanzania (URT), 2012). 
These beekeeping areas have a diversity of habitats 
which includes the miombo and acacia woodlands, 
mangroves on the marine coast and savannah forest 
grasslands (World Wildlife Fund (WWF), 2002). About 95% 
of beekeeping activities is conducted in miombo woodland 
areas spread out countrywide (Mumbi et al., 2014). These 
aforementioned ecosystem promote a favourable 
environment to beekeeping. 

 
 
 
 

Manyoni district is one of the districts in Tanzania 
where honey production is prominent. The district is 
dominated by Itigi thickets one of the unique ecosystem 
in the country. For many years beekeeping has been an 
economic activity in Manyoni area district, but due to 
unfavourable climatic conditions and the increase of 
pressure stemming from anthropogenic activities. The 
district is faced with a number of negative factors such as 
droughts, charcoal-burning, habitat modification and 
others that are detrimental to sustainable beekeeping 
practices. It is estimated that human activities in the Itigi 
thicket area in Manyoni account for the loss of about 
293,444.3ha until 2011 (Mokero and Kashaigili, 2016). 
These factors tend to degrade the beekeeping 
environment, such as loss of nesting sites and forage 
species (URT, 2004). Despite that there is little 
information known on how these factors account for the 
reduction of honey in Manyoni area.   

This study sought to generate new information on the 
link between the status of beekeeping areas and factors 
that reduce honey production. Determining such a 
relationship important in enhancing the sustainability of 
honey production in Manyoni area which is characterised 
with semi-arid. The study is based on data drawn from 
household surveys and interviews with beekeepers in the 
district. 
 
 
Main objective 
 

The main objective of the study was to assess the 
anthropogenic and climatic factors in beekeeping 
activities and their implication for honey production. 
 
 
Specific objectives 
 
i) To determine the prevailing status of the beekeeping 
environment in Manyoni.  
ii) To assess anthropogenic and climate factors that 
reduce honey production in Manyoni.   
 
 

Conceptual framework for climatic and 
anthropogenic factors affecting honey production in 
Manyoni district 

 
Honey bees access to water sources, favourable climatic 
conditions and the availability of flowering plants are 
significant factors influencing honey production 
(Shenkute et al., 2012). Nevertheless, the named 
parameters have been reportedly by both anthropogenic 
and climatic factors (Deutsche Welle (DW), 2015) which 
have increasingly become major factors affecting 
beekeeping activities and honey production for small-
scale beekeepers in rural areas (Figure 1). Thus 
increasing awareness of anthropogenic and climate 
factors that lead to environmental degradation is  important 
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Figure 1. Conceptual framework for climate and anthropogenic factors affecting honey production. 

 
 
 
factors that lead to environmental degradation is 
important to reduce threats to beekeeping activities 
particularly in semi-arid areas (URT, 1998; Reddy et al., 
2012). 

In this study, the anthropogenic and climate factors 
were assessed using parameters such as settlement 
establishment, charcoal-burning, farming activities, bush 
fires, fuel, temperature and amount of rainfall on honey 
production. Generally, unfavourable climatic conditions 
and anthropogenic activities threaten the availability of 
water sources, bee fodder sources and pollination 
services and, in effect, lead to low colonisation of bee 
hives. 

The study worked on the assumption that, 
disseminating awareness on the impacts of climatic and 
anthropogenic factors will contribute positively to honey 
producers engaging in environmental conservation 
practices and, therefore, increasing honey production in 
the process and sustaining the beekeepers’ livelihood. 
 
 
METHODOLOGY 
 
Study area 
 
Manyoni district lies from 6 to 7° South and 34 35° East of 
Greenwich Meridian of Tanzania (Figure 2). This area covers 
28,620 km2 about 58% of the Singida region [province] (DADP, 
2007). The area is generally semi-arid and experiences very low 
rainfall with an annual average of 624 mm and short rains of about 
49 days (Mary and Majule, 2009).  According  to  Lema  (2008),  the 

mean annual temperature of the area is 21.5°C; however, there are 
altitude-related variations. The annual mean, maximum and 
minimum temperatures in the district are 22.0 and 24.4°C in 
November and 19.3°C in July (Mary and Majule, 2009). The district 
has a uni-modal rainfall type which begins in November and ends in 
April. The main vegetation cover for Manyoni district includes 
miombo woodlands, grasses, shrubs and thickets (District 
Agricultural Development Plan (DADP), 2007). 

 
 
Types and methods of data collection 

 
Secondary data were collected through documentary review of 
books, published articles, journals, and government reports. The 
documents reviewed were obtained from the Forest and 
Beekeeping Division (FBD) Offices in Manyoni, the Institute of 
Resource Assessment (IRA) and electronic resources.  

Primary data were collected from three villages, namely 
Sanjaranda, Aghonde and Njirii. The selection of villages was 
based on their experiences in beekeeping activities and honey 
production levels. From the selected villages, about 107 
participants were selected to fill in survey questionnaires. And 
about 63 respondents were purposively selected for face to face 
interviews. Each village had 21 respondents. Similarly, the 
beekeeping officers from Manyoni District Executive District, the 
Tanzania Forest Services (TFS) - Manyoni Offices and other key 
relevant officers were for data gathering. 

Nature and type of data collected included the characteristics of 
the sampled beekeepers, economic profile, anthropogenic and 
natural causes of environmental degradation and the impacts of 
environmental degradation on beekeeping activities. Primary data 
were collected using structured questionnaires (for households) and 
interviews with key informant (beekeeping officers in Manyoni). 
Data were collected between February and May 2016. 
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Figure 2. Map of Manyoni district and the study villages. 
Source: Cartographic Unit, University of Dar es Salaam (2016). 

 
 
 
Data analysis 

 
Data from questionnaires were coded and entered using STATA 
(Version 12) computer software. Data in STATA were finally 
analysed using descriptive statistics and regression analysis. A 
linear regression model was used to assess how both 
anthropogenic and climatic factors reduce honey production using 
five variables which included impacts of low rainfall, wild fires, 
settlement establishment, livestock grazing and farming activities. 
The level of significance was tested using t-test at 5% level of 
significance. A linear regression model for the factors that cause 
low honey production was specified as follows: 

 
Y = α0 + α 1X1 + α 2X2 + α 3X3 + α 4X4 + α 5X5 + ε 

 
Where: 
Y = Honey harvesting per hive (kg) 
α0 = The intercept of regression equation 
α (1-5) = Coefficient of parameter estimates 

X1 = Quantity of rainfall (in mm) 
X2 = Fire setting (ha) 
X3 = Establishment of settlements (in ha) 
X4= Livestock grazing (in ha) 
X5= Farming activities (in ha) 
ε = Error term 

 
 
RESULTS AND DISCUSSION 
 
Characteristics of sampled beekeepers 
 
Age of the respondents 
 
About 52.8% of the respondents were aged between 41 
and 60 years followed by those aged 21 to 40 years who 
formed (37.6%) of the  respondents  (Figure  3).  The  low 
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Figure 3. Age of respondents. 
Source: Field work (2016). 

 
 
 

Table 1. Education of the respondents. 
 

Respondents characteristics                N=107 

Primary education 93.5 

Secondary education 3.7 

Tertiary education 1.9 

Not educated 0.9 
 

Source: Field work (2016). 

 
 
 
number of beekeepers aged below 20 years could be 
explained by the fact that majority in this age-group do 
not have enough beekeeping skills. Moreover, most of 
the members of this group were still pursuing either 
primary or secondary school education. Generally that 
there is large number of respondents suggests that they 
were mature enough to comprehend and provide correct 
information required for research questions given. 
 
 
Education of the respondents 
 
About 93.5% of the beekeepers had completed primary 
education followed by 3.7 and 1.9% with secondary 
education and non-formal education, respectively (Table 
1). This level of education might affect capacity to access 
to knowledge and skills about beekeeping and 
environmental management. Additionally, this low level of 
education may affect beekeepers capacity to manage, 
keep records of honey production and in searching for 
local and international markets.  
 
 
Economic activities 
 
About 63.6% of the beekeepers who took part in the 
study  depend   on   farming   as   their   major   livelihood  

activities, followed by 28.6 and 5% who rely on livestock-
keeping and beekeeping activities, respectively (Figure 
4). However, the majority of beekeepers reportedly 
engaged in more than one economic activity. These 
findings are similar to those of Mary and Majule (2009) 
who also found that farming was a leading economic 
activity in Manyoni district followed by beekeeping. 
Farmers in the area grow maize, sorghum, millet, beans 
and sunflower. A high proportion of petty businesses in 
all study villages was found to be associated with 
agricultural and livestock products. Such findings are not 
anticipated as over 75% of the rural Tanzania depends 
on agriculture for food and incomes. 
 
 
Decline in honey production in the study villages 
 
Findings show that about 51 out of 63 (80.9%) of the 
interviewed beekeepers reported on the reduction of 
honey production in the study villages. The beekeepers 
moreover, stressed that there was decline in honey 
production if compared to years dated back in 1970s, 
1980s and mid 1990s. Furthermore, about 41 out of 63 of 
the beekeepers (65.7%) reported they are currently 
harvesting honey between 3 to 6 kg per hive and 
between 8 to 15 kg per hive for log hives and top bar hive 
during high peak harvesting  season  respectively.  These
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Figure 4. Major economic activities. 
Source: Field work (2016). 

 
 
 
findings contradicts those reported by Namwata et al. 
(2013) that the average production of honey per hive in 
Balang’adu ward was about 12 to 20 kg during high peak 
season for top bar hives. According to URT (2001), the 
national average for honey production in Tanzania is less 
than 7 and 15 kg for log and top bar hives respectively. 
With respect to this guideline, it is assumed that there is 
decline in honey production in the study areas probably 
due to the diverse negative environment changes. 
Besides, the findings suggest that the beginning of mid 
1990s is marked with the beginning of decline in honey 
production in the study villages. Similar findings by 
Lehébel-Péron et al. (2016) reported that the period 
between 1970 and 2000 was a golden age for heather 
honey producers in Mont Lozere area, but after 2000 
beekeepers experienced the decline of honey production 
caused by environmental changes. Generally it can be 
concluded that the decline in honey production is 
becoming a global challenge caused by various natural 
and induced factors. 
 
 

Explanatory factors for the decline of honey 
production 
 
Table 2 indicates recapitulation of both Traditional 
Ecological Knowledge (TEK) and scientific information 
relevant for determining the causes of reduction of honey 
production in the study villages. TEK is viewed as "library 
of information" acquired and transferred by local people 
throughout generations to describe diverse ecological 
settings (Brush, 1993; Berkes et al., 2000). It is important 
to note that local beekeepers are also endowed with 
empirical knowledge and experiences about beekeeping 
activities and their local environment (Lehébel-Péron et 
al., 2016). This study selected four anthropogenic and 
natural  factors  to  explain  their   linkages   to   reduction  

of honey production in Manyoni area. These were; loss of 
honey bee colonisation, drying of water sources, loss of 
foraging plants and climate change. In fact, this is an 
indication that local beekeepers in Manyoni district were 
able to signal and probably adapt or cope with dynamic 
environmental changes that reduce honey production. 

 
 
Factors threatening honey production 

 
Loss of bee colonies 

 
Regarding hive colonisation, 48.6% of the respondents 
reported that about three-quarters of their beehives were 
colonised, followed by those 27.1% who reported that all 
their beehives were colonised and 20.6% reported that 
half of their beehives were not colonised (Figure 5). The 
findings show that the loss of honey bee colonies was 
common in the study villages; however, the situation was 
not experienced by all the respondents. The loss of 
honey bee colonies observed suggests that either honey 
bees were absconding or the beehives were not 
colonised. This circumstance could be caused by a 
number of factors such as harsh climatic conditions, 
anthropogenic activities, diseases and predators such as 
honey burger and ants (Godfrey, 2015). These factors 
normally cause the foraging areas to attract fewer 
honeybees in apiaries. For beekeepers, the loss of bee 
colonies have implication for the diminishing of 
beekeeping activities and may lead to low income due to 
low production of honey and other bee products. For 
beekeeping areas, the loss of bee colonies indicates that 
there are few conservation practices in the area and 
consequently, environmental degradation. Similar results 
were reported by Kugonza et al. (2009) in that high 
temperature, low rainfall, type of hives in use
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Table 2. Recapitulative table indicating the causes of decline in honey production in Manyoni area. 
 

Explanatory cause Beekeepers response Scientific causes Impact to honey production 

Loss of honey bee 
colonisation 

48.6% of the respondents reported beehives  are 
not colonised 

Harsh climatic conditions, increased grazing activities, lack of shade, diseases, 
excessive use of pesticides, attack from parasites and excessive temperatures 

Honey bees deaths or absconding, therefore, 
reduction of honey production 

    
Drying of water 
sources 

77% of the respondents experienced drying of 
water sources such as wells, springs and ponds. 

Increasing grazing activities, expansion of farming activities, deforestation, 
establishment of settlements, prolonged droughts 

Lack of water for bees and flowering plants, thus 
leading to the reduction of nectar collection  

    
Loss of foraging 
plants 

30.9% reported loss of foraging plants was 
severe 

Establishment of settlements, increased number of grazed animals, bush fires, 
deforestation, charcoal production 

Drying of floral sources thus leading to low honey 
production 

    

Climate change 
63.5% of the respondents reported amount  of 
rainfall received is very low 

Burning fuels, clearance of land for agriculture, livestock farming and natural 
causes.  

Lack of water for bees and flowering plants lading to 
the  reduction of nectar collection  

 

Source: Compiled from different sources of information. 

 
 
 

 
 

Figure 5. Beehives colonisation. 
Source: Fieldwork (2016). 

 
 
 
and lack of shade were factors reducing the rate 
of honeybee colonisation while increasing the rate 
of honeybee absconding in Uganda. On the other 
hand, Babarinde et al. (2015) and Baylis et al. 
(2015) argue that excessive use of pesticides 
could be the most widely spread practice behind 
the loss of honey bee colonies. 

Drying of water sources 
 
Results from interviews indicate that about 47 out 
of 61 of the respondents (77%) in the study area 
experienced unprecedented drying of water 
sources such as wells, ponds, streams and water 
in valley bottoms (Figure 6). Also, more 

frequently, the respondents reported experiencing 
the drying of water sources mostly from May to 
December and associated them with increasing 
human activities Furthermore, the respondents 
revealed that few beekeepers have managed to 
build water reservoirs near the apiaries as an 
adaptation strategy to the water shortage problem. 
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     Figure 6. Drying pond at Sanjaranda village. 

 
 
 

These findings signify the observation that the drying of 
water sources was probably caused by the degradation 
of the environment often triggered by human activities 
such as deforestation, shifting cultivation, browsing 
activities and others. The environmental degradation 
occurring in the area implies that the depletion of 
landscape cover, which in turn leads to the inability of 
soils to retain water and refill the ponds, streams and 
valley bottoms, especially during the dry season. The 
drying of water sources could also be attributed to the 
unpredictable rainfall experienced in the area caused by 
climate change. Unpredictable rainfall entails that the low 
amount of rainfall received in the study area was unable 
to replenish the water sources available. Similar results 
were reported by Chokkalingam (2004), who found that 
the shortage of rainfall particularly in arid and semi-arid 
(ASAL) areas have impacts on environmental resources 
including the drying of water resources. In the study area, 
the drying of water sources had impact on the socio-
economic activities including beekeeping because honey 
bees require water to process stores, make brood food 
and hatch eggs (Garvey, 2013). Indeed, bees forage for 
water at almost any source near their colonies (Ellis, 
2010). The implication is that proper environmental 
conservation enables the protection of vital water 
sources. 
 
 
Loss of foraging plants 

 
About 60.7% of the respondents reported that the loss of 
floral sources was moderate followed by 30.9% who 
perceived the loss as severe and only 8.7% did not see 
any loss of floral sources (Table 3). Moreover, interview 
results indicate that the participants described the loss of 
floral sources in terms of loss of vegetation cover. The 
participants narrated that some areas in the study 
villages had completely lost their vegetation cover, 
particularly the Itigi thickets. 

Table 3. Loss of foraging areas. 
 

Loss of foraging areas  N=107 

Severe 30.9 

Moderate 60.7 

No loss of floral sources 8.4 

Total 100 
 

Source: Field data (2016). 

 
 
 
These findings indicate that beekeepers were familiar 
with the loss of bee foraging areas; however, the majority 
perceived this loss had little impact on the honey 
production. Again the loss of foraging plants is possibly 
linked to increasing human activities in the area. In other 
words, this may suggest little initiative have been taken to 
protect and conserve the environment. Comparable 
results were reported by Makero and Kashaigili (2016) 
that Itigi area has been losing vegetation cover, which 
has dropped from about 345,150.5 ha in 1991 to 313,451 
ha in 2000 and 293,444.3 ha in 2011, a decline by 11% 
and 15% respectively. The implication is that the area is 
losing important foraging plant species that contributes to 
honey production. 
 
 
Impact of anthropogenic and climate factors on 
honey production 
 

Anthropogenic activities 
 

Based on data generated from household surveys carried 
out in all the study villages, the study was able to 
establish that the anthropogenic activities that contributed 
to the reduction of honey production were highly diverse. 
The respondents ranked in the order of impacts as 
follows: farming activities (33.6%), grazing (23.4%), 
charcoal-burning (13.1%) and bushfires (11.2%) (Figure 7).  
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Figure 7. Anthropogenic activities. 
Source: Field work (2016). 

 
 
 
Other factors mentioned were, settlements and fuel 
wood. 
 
 
Increased farming activities 
 
In the study villages, farming was a major source of both 
food and income. The activity has contributed to the 
increase of areas for cultivation which leads to 
deforestation and environmental degradation. The loss of 
forests tends to reduce water sources, nesting areas and 
fodder for bees and, consequently, affects the production 
of honey. Similar results were reported by Kaale et al. 
(2002) who found that inappropriate agricultural practices 
were major threats to forests and, therefore, contributed 
to the reduction of beekeeping activities and honey 
production. Additionally, agricultural practices use agro-
chemicals that threaten beekeeping activities (Klein et al., 
2007). However, studies by Kovács (2010) and Vaughan 
et al. (2015) show that flowering crops contribute 
significantly to enhanced honey production. Kovács 
(2010), for example, reported that honey collected from 
farms (oil crops) contributed to about 40% of the total 
honey produced in Hungary. In other words, despite an 
increase in farming activities flowering crops grown in the 
study area such as sunflower, leguminous plants and 
maize can contribute to honey production. However, it 
was difficult to ascertain this through empirical data. 
 
 
Increased grazing activities 
 
The findings further affirm that livestock-keeping was an 
important economic activity albeit with impacts on the 
environment and honey production. The impacts caused 
by browsing activities suggest that there was an increase 
of livestock than the resources available. The increase of 
livestock population in the study area could be linked to 

the migration of pastoralists searching for green pastures 
and water to feed their livestock. The need for water and 
pastures had increased pressure on the beekeeping 
areas  therefore  threatening bees’ foraging resources 
such as water and floral plants. Comparable results were 
reported by Makero and Kashaigili (2016), that grazing 
was one of the activities contributing to the degradation of 
land cover at Itigi. According to IFAD (1998), grazing 
pressure is the primary cause of land degradation, which 
affects plant cover in semi-arid areas. Yanda and Madulu 
(2005) found that passing many cattle in the area was the 
main cause of degrading vegetation cover in many parts 
of Tanzania. A study by Lehébel-Péron et al. (2016) 
found that the increase of cows to replace sheep in Mont 
Lozere had detrimental impacts on the compaction of 
soils which also hinders the growth of heather plant, thus, 
leading to reduction of heather honey production. This 
signifies that the increase in browsing practices in 
beekeeping areas also had negative impacts on the floral 
sources, thereby reducing honey production in all the 
study villages. 
 
 
Increased charcoal-burning 
 
Charcoal-burning is another factor that was reported to 
contribute towards the reduction of honey production in 
the study area. The production of charcoal was found to 
be an important alternative source for both income and 
energy. The increase in charcoal-burning activity it is due 
to high demand for charcoal in both rural and urban 
areas. Inevitably, wanton felling of trees for charcoal-
burning has had significant impacts on forests and 
thickets, which have been cleared for this activity; thereby 
diminishing floral sources for honey production. Similarly, 
DW (2015) reported that charcoal-burning was one of the 
human activities threatening honey production in semi-
arid regions of Tanzania. A recent study by
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Table 4. Participants’ perception of climate factors affecting honey 
production (%). 
 

Climate characteristics 
Beekeepers perceptions (N=107) 

Yes No 

Rainfall 63.5 36.4 

Temperature 13.1 86.9 
 

Source: Field data (2016). 

 
 
 
Ministry of Natural Resources and Tourism (MNRT) 
(2015) found that Tanzania was losing about 372,871 ha 
of forest per annum caused human activities. It is 
estimated that between 100,000 and 125,000 ha of forest 
is lost annually as a result of charcoal-burning in 
Tanzania (World Bank, 2009). Sedano et al. (2016) found 
that the high demand for charcoal in urban areas is the 
main driver of forest degradation in most Sub-Saharan 
Africa. This evidence attests to charcoal-burning 
constituting a primary threat to the forest resources, 
which was contributed to the reduction of honey 
production in most beekeeping areas. However, the 
monitoring of the loss of beekeeping areas in Tanzania is 
not easy because a large part of land and forest 
resources are owned under a communal mode. 
 
 
Increased bush burning 
 
Bush burning was also given priority by the respondents 
as one of the factors affecting honey production in the 
study area. The frequencies of bushfire in the study area, 
particularly late burning, are probably caused by activities 
such as farm preparation, beekeeping activities and 
hunting. As a result, bushfires contributed to the 
destruction of the vegetation cover, thereby threatening 
floral sources, killing honey bees and burning hives. 
Similar results were reported by Chigere (2014) that 
bushfire normally kills bees, destroys beehives in 
apiaries, destroys floral sources and, therefore, 
contributes to low honey production. Similar findings were 
also reported by Ahrends (2005) in that bushfires were 
common environmental hazards affecting the vegetation 
cover in Savannah areas of Tanzania. Fire setting was 
also reported by Almond (2000) and Makero and 
Kashaigili (2016) as a threat to Itigi thickets. In other 
words, beekeeping activities in the study areas are 
threatened by bushfires as manifested by low honey 
production in the study area.  
 
 
Climate factors 
 
Beekeepers were also asked to indicate their perception 
and understanding of the impact of climate change on 
honey production. About 63.5% and 13.1% of the 

beekeepers perceived low amount of rainfall received 
and temperature to have impacts to the low honey 
production (Table 4). Similar findings were reported by 
participants during interview sessions in focus groups to 
the effect that the shortage of rainfall had a greater 
impact on low honey production than the temperature in 
the area. The empirical study by Mary and Majule (2009) 
also indicates that the area receives low amounts of 
rainfall. 
 
 
Unpredictable rainfall  
 
Honey production depends on rainfall, as it boosts the 
thriving of flowering plants from which bees collect nectar 
and pollen. Rainfall also provides drinking water for 
honey bees. The diminishing of these resources reduces 
foraging for nectar and water and, consequently leads to 
the low production of honey. In addition, the shortage of 
rainfall makes the area unfavourable for beekeeping 
activities, which in turn increases the likelihood of the 
honey bee colonies to abscond. Moreover, this 
absconding of bee colonies as a result of the shortage of 
rainfall may lead to low honey production. Comparable 
findings were reported by Berhe et al. (2013), Schweitzer 
et al. (2013) and Alemu (2015), all found that the 
shortage of rainfall had impacts on honey production as it 
reduced foraging activities, water resources and dilution 
of nectar, hence consequently weakening the honey bee 
colonies. The shortage of rainfall in beekeeping areas 
may also lead to the change of flowering seasons and 
loss of pollinators for about 17 to 50% of bees (Mommett 
et al., 2007). Furthermore, according to Garvey (2013), 
unpredictable rainfall normally limits the bees’ capacity to 
process, store, make brood, and hatch eggs. For 
example, low production of heather honey in France 
experienced in years of 2000s is a typical example 
explains the impacts of increased frequency of droughts 
and other unpredictable weather from the area (Lehébel-
Péron et al., 2016). Manyoni area also faces the shortage 
of rainfall problem as confirmed by empirical data that the 
area receives about 624mm of rainfall per year. Yet, the 
reliable amount of rainfall for beekeeping activities is 
supposed to range from 750 to 900 mm, particularly in all 
areas practicing traditional beekeeping (Kumar et al., 
2014). 
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Table 5. Dependent variable: Amount of honey produced per hive. 
 

Predictor B Std. Err. T-ratio Significance 

CONSTANT 3.361 0.622 5.4 0.000*** 

Impact of low rainfall 0.425 0.152 2.79 0.012*** 

Fire setting -0.446 0.162 -2.75 0.013** 

Establishment of settlements 0.191 0.124 1.55 0.139 

Livestock grazing -0.15 0.16 -0.94 0.36 

Farming activities 0.177 0.137 1.29 0.213 
 

R squared=41%, Adjusted R square=25% F value=5%; ***, ** Significant at P<1% and P<5%, respectively. 
 
 
 

Increased temperature 
 
The study findings show that temperature had a 
comparatively lower impact on honey production than the 
effect of low amounts of rainfall. The available amount of 
temperature had minimal impacts on the thriving of honey 
bees in the area. Activities such as bees’ visitation for 
foraging nectar, pollen and water were not affected by 
temperature. Moreover, honey bee colonies in hives were 
not threatened by temperature. The findings indicate that 
the amount of temperature in Manyoni area was 
appropriate for supporting honey production. Lema 
(2008) reported that the minimum and maximum 
temperature in Manyoni area is about 19°C and 
maximum of 24.4°C in July and November, respectively. 
The ideal daily temperature for bees to work effectively 
ranges from 10 to 30°C (Jocić  2000; Alattal and 
Alghamdi, 2015). Temperatures of below 10°C or above 
40°C reduce the bees’ visitation and honey collection 
(Puškadija  2007). Thus  it can be deduced that the 
amount of temperature available in Manyoni area had 
less impacts on beekeeping activities and honey 
production. 
 
 

Regression analysis for anthropogenic and climate 
factors affecting honey production 
 
A regression analysis was run to determine the 
significance of the determinant factors inducing low 
honey production. The dependent variables were farming 
activities, grazing activities, settlement establishment, 
bushfires and low rainfall (Table 4). With regard to the 
parameters the statistical tests of the results from the 
model were significant at P<1% and P<5%. Through its 
R-square value, the model shows that 41% was 
explained by environmental threats affecting honey 
production due to predictors and the remaining 59% was 
caused by predictors not included in the model. This 
suggests that an increase in environmental threats 
caused by anthropogenic and climate factors will 
increase the likelihood of beekeepers harvesting little 
amounts of honey because environmental threats are 
likely to reduce water, nesting areas and fodder for honey 
bees. With regard to predictors influencing low honey 

production, the results indicate that two (low rainfall and 
fire setting) out of five parameters (Table 5) examined 
significantly influence low production of honey in the 
study area. 

Also, the impact of low amount of rainfall in the study 
area had a direct and positive relationship with the low 
production of honey and it was statistically significant at 
P<1% as indicated in Table 5. This means that as the 
rainfall declines the production of honey also decline. 
Favourable quantity of rainfall increases fodder and water 
for bees and enables them to make brood food, hatch 
eggs, increases nutritional quality of honey and maintains 
flowering seasons (Garvey, 2013). Further, it increases 
pollination services and reduces bees absconding 
(Mommett et al., 2007; Berhe et al., 2013; Stocksad, 2007). 

Fire setting, particularly late burning had negative 
relationship with production of honey and was statistically 
significant at P<5% (Table 5). Negative and inverse 
relationship indicates that as bushfire outbreaks 
increases within the beekeeping areas, lower honey is 
produced. To increase honey production, awareness on 
environmental conservation and penalties should be 
promoted in study villages to foster responsible habits. 
Furthermore, fire setting will affect honey production as 
they are inversely related. 

The result also indicates that the establishment of 
settlements had inverse relationship with honey 
production in that the higher the rate of settlements the 
low the honey production but was not statistically 
significant. This entails that an increase in settlements 
was significant in increasing human population in the 
beekeeping area, thereby increasing deforestation and 

affecting bee’s habitat. Also that, governmental agencies 
such as the Tanzania Forest Services (TFS), local 
government authorities at the district level, the Forest and 
Beekeeping Division, non-governmental organisations 
(NGOs) and other relevant stakeholders were less 
effective in addressing concern on the threats that were 
caused by the establishment of settlement particularly in 
forested areas. 

Livestock grazing also had negative relationship with 
the honey production but was statistically non-significant 
(Table 5) which implies that as grazing rate increases 
there is reduction in the number of beekeeping activities 
and, hence, lead to low honey production and vice-versa. 
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Like in the case of bushfire, this negative relationship 
shows that the increase of grazing activities is expected 
to degrade the environment, and eventually reduce 
honey production. Otherwise, factors such as destocking, 
establishment of ranching, awareness creation and 
penalty are intensively practised in the study area. 
Additionally, livestock-keeping is anticipated to cause low 
honey production as they are inversely related. 

Farming activities had positive relationship with the 
production of honey but was not statistically significant. 
This infers that land clearance for increasing farming 
activities was not necessarily negatively affecting honey 
production in the study area. In fact, farming activities 
have been contributing to honey production because it 
provides nectar sources. Indeed, beekeepers were found 
to be placing their beehives near the farms of particularly 
sunflower to enhance both pollination and honey 
production. This means, environmentally-friendly 
agricultural practices do not necessarily lower honey 
production. However, where farming involves a lot of 
agrochemicals application, it could affect honey 
production through destruction of some biodiversity 
relevant for beekeeping. 
 
 

Conclusion 
 

Honey production in Manyoni district is still facing several 
anthropogenic and climate change challenges that affect 
the future of beekeeping activities. The study has 
established anthropogenic and climate factors to have 
been contributing to the decline of honey production. 
Anthropogenic factors constraining honey production 
were found to be bushfires, charcoal-burning, livestock 
grazing, farming and human settlement establishment. 
On climatic factors, findings showed that lack of reliable 
rainfall is significantly contributing to the low honey 
production as opposed but there was no clear evidence 
on the impact of temperatures on honey production. The 
analysis and perception of the respondents also 
confirmed that a combination of anthropogenic and 
climate factors contributes to the drying of water sources, 
loss of honey bee colonies and loss of foraging plant 
species, thus causing low honey production in the study 
area. Based on this, strengthening of awareness on 
anthropogenic and climate factors constitutes an 
important step towards facilitating environmental 
conservation and protection, which will in the long-run 
translate into sustainable beekeeping in the area. 
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