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PREFACE 

Tbis doeument reports results of a diagnostíc survey of the banana-bean intereropping system in 
KageraRegion ofTanzania. The survey concentrated on crop nutrition aspects, and tbeir interaetions 
with pests and diseases ofbananas. The survey was acoIlaborative effort ofthe Centro Internacional 
de Agricultura (CIAT), the Maruku Agriculture Research Institute and tbe Netberlands Farming 
Systems Research Projeet of the Lake Zone of Tanzania. 

This volume is tbe sixth in a working doeument series thal serves research on beans (Phaseolus 
vulgaris) in Africa. This publication series forms part of the activities of the pan-African bean 
researeh network, whieh aims to stimulate, foeus and eo-ordinate research efforts on Ihis erop. 

The network is organized by the Centro Internacional de Agricultura Tropical (CIAT) through three 
independent research projects, for the Great Lakes region of Central Africa, for Eastern Africa and, 
in conjunction with SADCC, for the Southern Africa region. 

Working doeuments wilI inelude bibliographies, research reports and network discussion papers. 
These publications are intended to complement an associated series of Workshop Proceedings. 

Support forthe regional bean projects comes from tbe Canadian International Development Agency 
(ClDA), tbe Swiss Development Corporation (SDC) and the United States Agency for International 
Development (USAlD). 

Further information on regional researeh activitíes on common beans in Africa, and additional copies 
of this publication, are available from: 

Pan-Afriea Coordinator, CIAT, P.O. Box 23294, Dar es Salaam, Tanzania. 

Coordinateur Regional, CIA T, Programme Regional ponr l' Amelioration du Haricot dans la Regíon 
des Grands Lacs, B.P. 259, Butare, Rwanda. 
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INTRODUCTION 

The banana-hean (Musa spp. - Phaseolus vulgarís L.) ínlercropping systcm ís the major food 
production syslem in parls ofBukoba, Muleba and Karagwe districts in Kagera Regíon ofTanzania. 
The system has been suslained wíth continuous production for well over 100 years (Anon., 1989). 
Meanwhile cassava and maíze-based systems have not been sustainable without frequent periods of 
grass fallow. However, Ihe banana-bean syslem apparently is in decline due lo reduced productivity 
of the banana component. Reasons for Ihe decline may include soil fertilily problems and damage 
lo Ihe banana plants by banana weevil, nematodes and diseases (Tibíajuka, 1984, Sebasigari and 
Baert, 1989). The importance of these problems has not been quantified, nor have ¡he interactions 
between Ihese problems been sludied. This sludy was conducted 10 determine which constraints are 
most importanl 10 the productivity of the system and to evaluate interactions between these 
constraints. 

MATERIALS A~D METHODS 

Observations were made on 25 farms in Bukoba District and 10 each in Karagwe and Muleba 
Districts. The villages surveyed were Kagondo, Kaibanja, Buhekela, Ruhoko and Kanyangereko in 
Bukoba District, Bugene and Kituntu in Karagwe District, and Ilemera and Nshamba villages in 
Muleba Dislriet. Farms with old (>20 years) banana stands were seleeted for this survey, bu! in 
Karagwe District sorne ofthe banana fields were established more recently. úukoba sandstone is the 
predominant parent material of the soils of farms sUfvey in Bukoba and Muleba distriet,. Ruhoko 
villageis anexeeption with alluvial soil, predominating. Soils in Karagwe developed primarily from 
oid argillaceous sediments of ¡he Karagwe-Aokolean geoiogical system. 

Observations were made near and farther (>20 m) from the house 00 each farm. Beun variety 
trials were conducted on mos! of these farms and yield was determined 'or the beans grown with 
bananas. Observations were made on pests, banana and bean yield, soil 'ertility and banana plant 
nutrition. Nematode damage was assessed as the percentage of roO! necrosis found in the fírst ¡hree 
main roots encountered (15-25 cm segments) for three banana plants. Damage due to banana wecvils 
was assessed by visually ralÍng ¡he degree oftunneling found in lowercross-sections offour recently 
harvested pseudostems on a ¡ -9 basis, with 9 indicating very sevcre damage. 

Banana yield varies with years and rcUable estimates of produclivity wouJd require severa! 
years of yield data. Therefore, farmers' estimates of yield componen!, were used in estimating 
productivity. Farmers gave estimates for fingers per hand. hands per bunch and bunch heigh! foreach 
par! of the farm. Bunch weight was estimated using a relationship between weight and heighl based 
on a sample of 30 bunches, i.e. 

Bunch wt. '" 14.73 + 0.19 x Bunch ht. (R' = 0.38). 

A value of 135 grams was used throughout for the weight 01" one finger. Pseudostems taller than 
¡.5 m were counted in 16 m2 blocks to estimate pseudostem density. In calculating banana yield 

estimates from these components, il was assumed tha! 50')'0 of the pseudoslems would produce fruit 
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in one year. The yield estimates ofbananas used in this study is the mean ofthe banana yield estimates 
based on fingers per bunch and on bunch height. Accuracy of the yield estimales is debatable. but 
inaccuracies are expected to be systematic and tests of relationships ofbanana yield to other factors 
are expecled lo be valid. 

Pseudostem girth gave another estimate ofbanana performance bUI this was not measured in 
all villages. Proportions of cooking and brewing banana culti vars were estimated for each part of the 
farm. 

Bean yield was measured on those farms where bean variety Irials were eonducted. Soil 
samples were taken from the tri al sites for chemical and textural analysis. Foliar samples were 
collected frorn the i¡lternaJ laminae of the third banana ¡eaf when the banana plants were growing 
rapidly in an early reproductive stage (Martin-Prevel, 1987). 

'. Results of the foliar analyses were interpreted according to the critical nutrient levels (CNL) 
(Lahav and Turner, 1983) and according to the Diagnosis and Recommendation Integrated Systern 
(DRIS; WaJworth and Sumner, 1987). The DRIS norms were estimated using the results of analyses 
of78 foliarsamplesof AAA, AAB and ABB types (Turne!' and Hunt, 1984). Mn and Fe were excluded 
(rom the DRIS analysis hecause Iheir levels were abnormally high in these 78 samples. Soil nUlrient 
levels and estimated N, P and K availability according lo the QUEFTS model (lanssen et al., 1990) 
were relaled lo banana and bean yield. 

Altemative CNL' s Cor sorne nulrients and a set of DRIS norms were estimatcd Cor Eas! Africa 
highland bananas. Proposed CNL's are those Ihal correspond with the 90% yicld level relative to the 
mean yield associated with the optimal nutrient leve!. DRIS values are based on the relationship of 
banana yield and pseudostem girth with nument concenlrations or ratios. When there was no 
relationship, mean values are given as the new DRIS norm. 

RESULTS 

Effects of distance from the house 

The means determined for various traits near and far from the house are presented in Tables 
1 & 2. The degrees of freedom were few and differences often were nol significant al = 0.05. The 
differences, however, were often consislently ¡arge as indicated by ¡he F-values. Cookinil./'ypes of 
bananas made up over 60% of Ihe plant stands in all villages and increased relative lo brewiñg types 
near lo the house. Differences due to proximity to houscs in ncmatode and weevil damage were 
generally smal! and inconsistent. Farmers estimated yield components to be highest near the house. 
Pseudostemdensity was not consistently affected by proximity to the house. Estimated banana yield 
was consislently higher near lo the house. 

With Ihe exception ofRuhoko village in B ukoba District, mean N levels in banana leaves were 
highest near to the houses. B levels were higher near to the house on mos! farms. The levels of P, 
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K, Ca, Mg, Fe, Mn, Zn and Cu varied inconsistently with proximity lo Ihe house. The ratios of 
KJ(K+Ca+Mg), Ca/(K+Ca+Mg) and Mg/(K+Ca+Mg) (expressed in milJj-equivalents) were not 
much affected by distance from the house and are no! repmled here. 

Critical nutrient levels (CNL) in banana lcaf tissue 

Results offoliar analyses were interpreted using CNLs of2.6% N, 0.2% P, 3.0% K, 0.5% Ca, 
0.3% Mg, 0.23% S,25 ppmMn, 80ppmFe, 18 ppmZn, 11 ppm B and 9ppm Cu (Lahav and Turner, 
1983). The overall frequency of distribution of foliar nulrient conccnlrations are given in Figure l. 
Tbe frequencies of occurrence by village of nutrient levels below Ihe CNLs are given io Table 3. 
N levels were aboye the CNL 00 most farms. P level, were gene rally aboye the CNL except in 
Kituntu and io Ihe two villages of Muleba Dislrict. K levels were geoerally low in an villages. 
CNL interpretatioos of the foliar aoalyses indicate Ihal Ca, Mg, Mo and Fe were usually adequate. 
S levels were low on sorne farms, especially in Karagwe District. Zn, Cu aod B level, were generally 
low in al! areas surveyed. Mn level, observed io Kagondo and Nshamba villages were high bu! 
probably not witbin ¡he toxicity range for bananas (Martin-Prevel, 1987). 

Martín-Preve! (1987) reported the oprimal ranges fm KJ(K+Ca+Mg), Ca/(K+Ca+Mg) and 
MgI(K+Ca+Mg) to be approximately 50-57%, 28-34% and 14-19%, respectively. The values of 
KJ(K+Ca+Mg) were generally below Ihe optimum runge. The Ca/(K+Ca+Mg) ratio occasionally 
indicated Ca deficieocy and !he MgI(K+Ca+Mg) ralio always índicated adequate Mg. 

DRIS ioterpretatíoo of foliar analyses results for bananas 

When DRIS indices were applied in the interpretation of the foliar analyses results, N and K 
occurred frequently as the mosl limiting nutrients (Table 4). N deficiency \Vas idenlified as the major 
conslraint in Kagondo, Buhekela and Ruhoko villages in Bukoba District, io both IJemcra and 
Nshamba in Muleba District aod in Bugene in Karagwe Distl'ict. K deficiency was diagnosed lo be 
very serious in Nshamba, but al50 a serious problem in Kagondo, Ruhoko and Kaibaoja. The resulls 
indicate widespread sulfur deficiencies, bUI of less severity than N and K deficiencies. Sulfur does 
not appear to be a problem in Buhekela and Nshamba. The DRIS interpretation fiods B deficiency 
lo be a major coostraint lo banana productivity in Kanyangereko. Il is also of concero in Kaibanja 
and Kituntu. Cu and Zn deficiencies were generally diagnosed as secondary in importance to other 
nUlritional problems but occurred in aH of the survcycd villages as poreotial1y serious problems. Cu 
and Zn deficiencies were always associated with B deficiency. 

Foliar nutrient levels and banana yield 

A model with districts, percentage cooking typcs unel conccntrations of nutricnts as 
independent variables found the coefficients for N, Ca, Mg anel Fe to be significan! (Table 5) in 
accounting forvarialion in banana yield. The coefficient for Fe, however, was negative. Thc model 
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a1so suggests weak positive relationships oC K and Zn and weak negative relatíonships of Cu 
and B concentrations wíth banana yield. 

The relationships indicated in Table 5 are nOI consisten! wíth those in Tables 3 and 4. The 
weak relationship between K concentration in the leaf lissue and banana yield is unexpected 
considering the low levels found in the leaves. Similarly, the positive relationships of Ca and Mg with 
yield were unexpected as the foliar analyses indicate adequacy ofthese nulrients. The results do nol 
confirm the importance of improved Cu and B nutrition to increased banana yield as indicated by the 
CNL and DRIS interpretations. 

The correlation coefficients presented in Table 6 give indications of possibJe constraints for 
specific areas. N deficiency is indicated as an important constraint in most villages. Otherconstraints 
indicated are P deficiency in Ruhoko, Nshamba and Ilemera villages; K deficiency in Buhekela and 
Kanyangereko; Ca deficíeney ín Kaíbanja, Buhekela, Ruhoko, Bugene and Ilemera; Mg deficieney 
in Kagondo, Kaíbanja, Buhekela, and Kituntu; S in Kanyangereko; Zn in Kanyangereko and Kítuntu; 
Cuin Nshamba; B in Kaibanja,Ruhokoand Kanyangereko. The high correlation coefficienls in these 
cases could be due to coincidental distributions, but observatíon oC ¡he dístribulion of the plotted 
points shows lhal outlying values are nol very important. The case for Mg in Bugene village is an 
exception. 

Relevance of avaílable CNL values 

The linear relationships of yield witb N, Ca, Mg, Zn and B eoncentrations, and the I"dtios of 
K/(K+Ca+Mg), Ca/(K+Ca+Mg) and Mg/(K+Ca+Mg), in banana leaf tissue were examíned 
(Table 7). The linear relationships were positíve for tbe complete range of values for N (2.! - 3.6%), 
Mg (0.26 - 0.65%), and Zn (9.9 - 21.5 ppm). Apparentiy the CNLs of N, Mg and Zn determined 
for Cavendish cultivars grown at low altitudes are too low for the East Africa highland cultivars. 
Yield tended to inerease: with Ca coneentration to 1.13% Ca in foliar banana tissue, and thereafter 
inereased at a Jowerrate; and with B eoncentration 1010.0 ppm B afterwhich therewas no relationship 
between yield and B coneentralíon. Alternative CNL values proposed are 3.1% N, 1.13% Ca, 
0.48% Mg, 18,4 ppm Zn and 10.0 ppm B. 

Yield increased with the Ca/(K+Ca+Mg) ratio to the ratÍo value of0.36 and the optimal range 
was predicted to be 0.33-0.40 by ¡he equalíon: 

Banana yield = -5906 + 39341 x (Ca/(K+Ca+Mg) - 11997 x (Ca/(K+Ca+Mg)' 

Simílarly, ¡he Mg/(K+Ca+Mg) was Iinearly reJated lo yield below the ratio value ofO.25. The 
optimaí range for this range was estimated to be 0.25-0.30 according to the equation: 

Banana yield '" -34623 + 427220 x (MgI(K + Ca + Mg) - 775370 x (Mg/(K + Ca + Mg)2 

The oplímal range for K/(K-tCa+Mg) was estimated to be 0.34-0.40. 

The allernative set of DRIS norms estimated from the Kagera data is presented in TabJe 8. 
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Results of soil sample analyses 

Soil samples were collected in the area of the bean trials. Estimated amounts of N, P and K 
available to the erop during a growing season as estimated using the QUEFI'S mode1 (Janssen el al, 
1990)ranged from 36 t0283 kgN ha",4 to 85 kg P ha" and4 to 762 kg K ha". AIso, the produetivities 
ofthe farms as estimated with the QUEFI'S model with the results expressed in lerms ofkilograms 
of maize per heetare ranged from 1000 lO 8845. 

There was not a significant relationship between soil test values or the QUEFI'S values and 
banana yield. A model with dummy variables for districts and soil pH, available N, P and K as 
estimated with QUEFI'S as the independent variables did not account for a significant amoun! of 
variation in banana yield. Another model with actual soil test values for N, P and K as independent 
variables also was no! significant in aecounting fOf variation in banana yield. Thel'e was a significant 
relationship between bean yield and QUEFI'S estimated N (r = 0.33) and P (r = a.36) availability. 
Bean yield was not related to QUEFI'S productivity estimates. 

Pest damage 

No direct relationship was detected between either damage due to banana weevils or 
nematodes and banana yield. 

In a multiple regression model which included dummy variables for d:stricts und with percent 
cooking varieties and foliar nutrien! concentrations as independent variables, 34% the variation in 
percent roo! necrosis was explained (Table 5). Roo! necrosis was more severe in cooking types than 
in brewing types of bananas. As foliar N increased, roo! necrosis decreased. A weak relationship 
existed between iron concentration and root necrosis. A similar model was not significant for banana 
weevil damage. Correlations of nutrient values with levels of nematode and weevil damage foreach 

. village were generally weak and gave Iiule additional evidence for interactions between pes! damage 
and plant nutritional status. 

DISCUSSION 

Banana yield was consistently higher near the house as was expected because of the heavier 
application of organic manures near to the house. Only N and B concentrations were consistently 
higher near the houses but other nutrítional trait, and pest damage were not consistently affected by 
proxirnity to the house. These results suggest that inadequacy ofN and B nutrition constrain yield. 
Low N and B availability are also suggested as constraints by the DRIS interpretation of foliar analysis 
results. The regression analysis supports the importance of improving N nutrition but does not 
indicate B deficiency as a problem. 

CNL and DRIS indicate K deficiency to be a majar problem und S, Cu and Zn deficiencies 
to be ,econdary problems. This is supported neither by effects of proximity to house nor by the 
regression analysis. No reason is apparent for the lack of relationship ofK levels with banana yield. 
The over-riding effects of other nutritional disorders may have prevented the variation in S, Cu and 
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Zn levels from affecting yield. Alleviation of other nutritional constraints may result in increased 
importance of the S, Cu and Zn deficiencies. 

Ca and Mg deficiencies are suggested by the correlation and regression analyses but CNL and 
DRIS indicate tnat these are generally adequate. The Ca/(K+Ca+Mg) ralÍos indicate occasional Ca 
deficiency. Theinconsistencies may bedue topoorapplicability ofthe CNLs, which were determined 
for Cavendish bananas grown in Australia, to the East African highland conditions and cultivars. 

Results {rom the various interpretations of foliar tissue analyses were inconsistent in regards 
lo P, bUI generally indicate adequate P nutfilion, with possible exceplÍons in Ruhoko, Nshamba, 
Ilemera and Kituntu villages. 

AH results indicate that Fe and Mn are not defícient. The Mn levels observed in Kagondo and 
~shamba villages were high but probably not toxic to the banana plants (Martin-Prvel, 1987). They 
m¡¡y indicate the occurrence ofMn toxicity in beans intercropped with the bananas (Wortmann el al., 
1992). 

" , 
! Theresults raise serious doubts about the applicability of available CNL 's for the East Afriea 

h.i{ghland bananas. Comparison offoliar nutrient levels for bananas in this study with those ofTurner 
and Hun! (1984) show considerably higher Ca and Mg levels in the Eust African highland bananas, 
bul lower K and micro- nutrient levels. Therefore, the results ofthe DRIS interpretations of nutrient 
leve1, may al50 be mis-Ieading. The nutrlent to nutrient ratios used in the DRIS índices would be high 
forCa and Mg, butlow for Kand micro-nulrients, resulting in faílure to detect Ca and Mg deficiencies 
and over-prediction of K and micro-nutricnt deficiencies. 

The optimum values for foliar concentrations of B and Zn are in agreement with those 
determined by Lahav and Turner (1983) and Martin-Prvel (1987). The results índicate tha! the CNLs 
for N, Caand Mg are too low. The lack ofrelationships ofP, S, and Cu with yíeldindicate thal other 
stresses constrained yield more Ihan defíeiencies of these nutrients, or tha! these nutrients were 
adequately available and the published CNLs are too high for ¡he East Africa highland bananas. The 
published CNL's for Fe and Mn appearto be corree!. The optimum values as suggested by our results 
are lower for K/(K+Ca+Mg) and higher for Ca/(K +Ca+Mg) and Mg/(K +Ca+Mg) than ¡hose reported 
by Martin-Prvel (1987). 

Failure lo find slronger relationships for soil test values and nutrient availabílity with banana 
yield were disappointing. As Turner et al. (1989) pointed out however, the nutríent concentratlon 
at Ihe root surface is only one of several faclors influencíng nutríent uptake. Extent of the root systcm 
and rate of aboye ground growth are important factors. Inadequacies of ínterpretation and 
inaccuracies in applying ¡he methods may have contributed to Ihe weak relationships. 

QUEFTS estímates appear to be of value in estimatíng N and P availability for bean 
production, bul not for bananas. 

Relationships of levels ofbanana wecvil and nemulode damage wíth nUlritional factors and 
banana yield were generally weak and inconsisten!. The methods of assessing pest damage may not 
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allow for adequate precision to detect sorne relationships. Main roots were sampled fOf nematode 
damage while sampling of feeder roots may be preferabJe. Observations on weevil damage to eross 
seclÍons of the corm may have been more accurate Ihan observing the lower pseudostems. 
Alternatively, eounts oftunnels in Ihe corm al a speeific stage of pseudostcm growth may be a better 
indication of weevi! damage. 

RECOMMENDA TIONS 

Final conclusions eannot be drawn from the resu!ts but they suggest the existenee ofprobJems 
that should be further investigated. A follow-up survey with better assessment of weevil and 
nematode damage, and more consideratíon to varieta! and growth stage effects, is needed to further 
investigate assess ¡he importances of the pests and their relationships to plant nutritional disorders. 

Simple diagnostic trials are needed toconfirm the existence oflhe problems indicaled. These 
míghl be conducted first on fields ín villages Iikely 10 have a specific problcm (Table 8) and even on 
those farms whích appear to be mosl serious!y affecled. Failure to show a response to correct~ve 
treatments under those conditions may be adequate juslification lo neglecl a potentíal problem in 
favor of other problems. A significant response would suggesl Ihat the problem should be furthc¡ 
investigated. 

Fertilizer Ireatments to test fOf specific nutrient deficiencíes may be as follow. 

l. Nitrogen-applied as urea tour times per year al 60 kg N/ha. 

2. Phosphorus applied as TSP or SSP at 80 kg Plha once ayear. 

3. POlassium applíed twice per year al 80-100 kg Klha as KCI. 

4. Calcíum applied once as 500 kg lime/ha ?? 

5. Magnesium applied as dolomíte or MgSO. lo soil al 30 kg Mglha or foliar application of 
MgSO. in four applications of 2 kg Mg I ha.' 

6. Sulfur applied as MgSO., (NH.)zSO. Of K2SO. applied at rate of20 kg Slha in 2 applications 
per year.' 

7. Zinc applied to the leaves wíth a spray of 0.5% ZnSO. at 1 kglha two times per year. 

8. Copper applied as a neutralized 0.5% CuSO. spray 10 leaves al O. l kg Culha two times per 
year. 

9. Boron applied as a single applícation of 12 kg of borax per ha. 

1 Application of compound fertilí],crs will complicate interpretarion or rcsults. 

8 

, 



LITERA TURE CITED 

Anon. 1989. Diagnostic survey of Bukoba district. Lake Zone FSR Pro ject. working paper 3. ARI 
Maruku; Ukiriguru RI; RTI, Amsterdam. 

Janssen,B.H., Ouiking, F.C.T., vanderEijk, D.,Smaling, E.M.A., Wolf,J.,and van Reuler,H. 1990. 
A system for quantitative evaluation ofthe fertility of tropical soils (QUEFTS). Oeoderma 
46:299-318. 

Lahav, E. and Turner, D.W. 1983. Banana nutrition. IPI- Bulletin No. 7, International Potash 
Insti!ute. 

Martin-Prevel, 1987. Banana. In PlantAnalysis, Martin-Prvel, P., Oagnard,J., andOautíer, P. (eds.), 
Lavoisier, pp. 637- 670. 

Sebasigari, K. and Baert, T.O. 1989. Banana improvement and pest control project: Report of 
evaluation mission. INIBAP, EEC. 

Tibaijuka, A.K. 1984. An economic analysis of smallholder banana-coffee farms in the Kagera 
Region, Tanzania: causes of decline in productivity and strategies for revitalization. Ph.D. 
dissertation. Swedish University Agricultural Science, lJppsala, Sweden. 

Turner, D.W. and Hunt, N. 1984. Orowth, yield and leaf nutrient composition ono banana varieties 
in subtropical New South WaJes. Technical Bulletin 31, Department of New South Wales. 

Turner, D.W., Korawis, C., and Robson, A.D. 1989. Soil analysis and its relationship with leaf 
anaJysis and banana yield wi¡h special reference lo a study al Carnarvon, Western Australia. 
Frui¡s 44(4):193-203. 

Walworth,lL. and Sumner, M.E. 1987. The Diagnosis and Recommendation Integrated Syslem 
(DRIS). Adv. in Agron. 6: 149-188. 

Wortmann, C.S., Sengooba, T. and Kyamanywa, S. 1992. Banana- beao intercropping-factors 
affecting bean yield and Jand use efficiency. Exp. Agríe. 28:287-294. 

9 



Table 1. Means according lo proximíty 10 hou,es for various trai!s measured in farmers'banana 
fields in Kagera Region. 

Prox. Cooking ROOl Nec. Weevil Handsl Finge,,1 Stcm Pseudo.! BU!H.:h Banana 
to house % % '-9 bunch band girth ha. wi. yicld 

--~~~~---
~-"-"----~ 

Kanyangcrcko villago, Bukoba Dhtrict 

Far 61.2 30.0 3.2 4.2 9.0 2042 22.6 19860 
Near 73.7 21.2 3.0 8.2 14.5 2752 26.1 26109 
F-value 3.6 0.2 1.0 32.0 12.5 3.7 225.0 7.7 
~--.- ~~~~~--~-~-

Buhekela villagc, Bukoba Dislricl 

Far 65.0 29.0 3.6 6.5 13.6 60.0 2070 23.1 18291 
Near 86.0 31.0 3.4 11.0 17.2 68.g 2093 28.2 28920 
F-value 2.7 0.3 0.2 101.0 10.3 3.7 0.0 25.9 !.3 
---~-~-

Kagondo village, Bukoba District 

Far 70.0 17.0 3.4 7.7 13.5 60.3 1876 24.1 18115 
Near 93.0 16.0 4.2 10.4 20.0 72.8 2023 28.5 28231 
F·value 5.0 0.1 1.9 27.1 32.5 29.5 0.1 33. t 5.6 

------~-~~~--

Kaibanja vi llago. Bukoba District 

Far 62.0 27.0 3.4 5.2 8.4 1985 22.7 14563 
Near 88.0 26.0 3.8 9.0 17.2 1991 26.3 24048 
F-value 2.9 0.0 0.2 26.7 15.7 0.0 10,0 9.4 

--~--~~~----~---~~-

Ruhoko vilJagc, Bukoha District 

Far 86.0 40.0 3.0 8.0 15.5 1669 24.3 16690 
Near 100.0 42.5 3.0 9.5 17.0 1905 25.2 22347 
F-value 3.3 0.1 0.0 2.4 1.6 0.3 1.7 2,8 

Ilemer. village. Mulcha District 

Far 70,0 49.2 5.8 6.6 10.0 66.6 20R3 22.5 16784 

Near 81.0 57.0 6.4 8.0 13.2 735 2399 25.9 24209 
F-value 2.1 0.9 0.7 3.5 2.3 1.3 0.3 28.2 3.2 

--~~------

Nshamha villagc. Mulcba Dislrkt 

Far 82.5 28.0 2.6 10.0 12,0 55.H 1867 24.4 17517 
Near 100.0 23.0 2.4 11.0 15.0 55.5 1970 29.0 29399 
F-valuc 3.0 l.3 0.1 0.8 15.0 0.0 0.3 8.8 12,4 

Bugenc villagc, Karag:wc Distrk:t 

Far 72.0 34.0 8.8 7.6 tiA 50.4 21g6 24.8 19391 

Near 93.2 54.0 2.8 10.6 16,4 61 I 2139 28.1 28373 
F-value 15.9 6.4 0.7 1.3 n 6.6 2.5 0.0 2.6 

~,---- - - -- --~~------~--- --,-~--~~-

Kituntu villagc, K;;¡r¡,¡gwc Oistrkt 

Far 78.0 48.0 1.4 7.6 12.0 48.9 16.1.1 25.2 16411 

Near 80.8 43.0 2,6 11.2 . 17.6 59.3 1602 30.3 22541 
F-va1ue O. t 0.3 4.2 7.8 10.6 0.1 0.0 81.0 2 1 

~-----~-~"--~_.-~----~~-~~-~~-~---
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Table 2. Means according to proximity to households for foliar nutrient levels measured in farmers 
banana fields in Kagera Regían. 

Proximity N P K Ca Mg S Fe Mn Zn Cu B 
to house % % % % % % ppm ppm ppm ppm ppm 

-~--"~--~--------~~ 

Kanyangereko village. Bukona District 

Far 2.79 0.29 2.19 1.09 0.40 0.22 139 179 13.8 6.75 9.2 
Near 3.16 0.25 2,45 1.05 0.39 0.23 134 181 15.2 4.67 9.9 

F-value 13.7 1.4 4.5 0.3 0.1 3.1 0.8 0.3 9.5 11.4 1.5 

-'--' ~-----

Buhekela village. Bukoba Distriet 

Far 2.70 0.34 2.69 1.20 0.36 0.28 132 377 16.6 7.52 11.0 

Near 3.10 0.25 2.87 1.26 0.48 0.29 150 315 18.1 6.60 11.9 

F-value 3.5 2.4 2.3 0.2 4.1 1.7 2.3 2.4 1.3 1.4 3.0 

~------ --~ 

Kagondo village, Bukoba Dislricl 

Far 2.83 0.24 2.61 1.15 0.43 0.22 143 612 14.5 7.70 10.0 

Near 3.21 0.23 2.41 1.36 0.49 0.27 171 735 16.3 7.96 10.6 

F-value 6.8 O.] 1.6 3.2 3.3 6.4 2.6 2.6 2.4 0.1 1.7 
~--~~--~-~-~--~----~~---~------

Kaibanja village, Bukoba Dislriel 

Far 2.85 0.30 2.73 0.90 0.36 0.25 125 444 14.4 8.18 10.2 
Near 3.15 0.25 2.72 1.14 0.42 0.24 142 463 14.7 6.20 ¡LO 
F-value 3.9 1.8 0.0 7.3 3.7 0.0 13.2 0.0 0.1 2.7 1.9 
-----~-~------~---~-~----~-~,~~-~~~- ~--~------_._---

Ruhoko vi llago. Bukoha Di.,lr;ct 

Far 3.32 0.22 2.54 0.90 0.54 0.26 184 632 15.4 9.15 10.3 
Near 3.16 0.23 244 0.94 0.48 0.23 146 504 14.7 7.60 11.1 
F-value 0.7 0.1 0.1 0.2 0.2 3.2 0.8 0.7 O.S 3.3 4.4 

lIemera víllagc. Mulcha Dislrill 

Far 2.83 0.28 2.74 0.84 0.37 0.24 169 430 14.8 9~86 10.0 
Near 3.23 0.27 2.83 0.92 0.45 0.25 232 353 14.4 6.60 10.5 
F-value 11.6 0.0 0.1 1.1 3.3 0.0 1.8 l.3 0.2 0.7 1.0 
---~-~--------~---~~------------------~~-~---~--~-----~------

Nshamba villagc, Muleba Districl 

Far 3.05 0.19 1.94 1.03 0.41 0.25 123 627 13.7 8.54 9.6 
Near 3.24 0.19 2.05 0.99 0.39 026 133 796 13.7 7.54 9.7 
F-value 2.7 0.0 3.9 0.1 0.4 2.6 3.8 1.5 0.0 3.0 0.0 

Bugcnc villagc, Karagwc Db.trk( 

Far 2.63 0.21 2.32 0.92 0.43 0.21 130 283 161 5.82 10.5 
Near 2.84 0.24 2.55 1.04 0.45 0.22 144 259 16,4 5.86 10.0 
F-valoe 2.5 l.5 1.0 0.8 0.3 1.3 ],9 0.3 0.1 0.0 3.4 
--------------~~--------------------------~------

Kituntu víllage, Karagwc Dislrict 

Far 2.68 0.29 2.41 1.07 0.45 0.23 128 325 13.7 6.44 10.6 
Ne", 2.87 0.22 2.29 1.13 0.42 0.22 142 487 15.1 5.34 10.8 
F-v.lue 3.3 0.6 0.2 0.4 0.3 0.1 2.6 2.5 0.4 12 0.1 

-~~-~---------"-
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Table 3. Frequencies of nutrient levels being below published critical nutrient levels for bananas. 
--~---"-------------------~----~------------- -~--------_._~----

N P K Ca Mg S Ma Fe Zn Cu B KI' Cal' Mg/1 

Bukoba D;slflct 

Kanyang. 0.1 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.0 LO 0.0 0.0 
Buhekela 0.3 0.1 0.7 0.0 0.1 0.0 0.0 0.0 0.6 0.9 0.2 1.0 00 0.0 
Kagondo 0.0 0.2 1.0 0.0 0.1 0.2 0.0 U.U 1.0 0.8 1.0 0.9 0.1 0.0 
Kaibanja 0.0 0.0 0.8 0.0 0.1 0.2 0.0 0.0 1.0 0.9 0.5 0.9 0.3 0.0 
Ruhoko 0.0 0.1 0.7 0.0 0.0 0.4 0.0 0.0 0.9 0.6 0.5 1.0 0.4 0.0 

Muleba Distri"l 

!lemera 0.0 0.4 0.5 0.0 0.1 0.3 0.0 0.0 0.9 0.8 0.8 0.9 0.1 0.0 

Nshamba 0.0 0.9 1.0 0.0 0.0 0.0 0.0 0.0 1.0 0.8 1.0 1.0 0.0 0.0 

Karagwc DislriL't 

Bugene 0.3 0.1 1.0 0.0 0.0 1.0 0.0 0.0 O.Ó 1.0 0.9 0.9 0.1 0.0 

Kituntu 0.3 0.6 0.9 0.0 0.0 0.8 0.0 0.0 0.7 LO 0.7 LO 0.2 0.0 

---_. 
! Rabos of milliequivalenls of K. Ca and Mg lo sum of K. Ca and Mg. 

Table 4. Frequencies of banana foliar nutrient levels being diagnosed as dcficient according to 
the DRIS interpretation. 

-----------~---------------~---~~~~~-~~.~---~~-_._-~~----

N P K Ca Mg S Zn Cu B 

Bukoha Distriu 

Kanyang. 0.4 0.0 0.5 0.0 0.0 (U 0.0 0.3 0.6 

Buhekela 1.0 0.0 0.4 0.0 0.0 0.0 0.3 0.4 0.6 

Kagondo 0.7 0.1 0.7 0.0 0.0 0.2 0.2 0.2 0.3 

Kaibanja 0.7 0.0 0.4 0.0 0.0 0.4 0.4 0.5 0.7 

Ruhoko 0.4 0.0 0.5 0.0 0.0 0.0 0.2 0.2 0.2 

Mulcha Di'lt;cl 

!Iemera 0.6 0.0 0.2 0.0 0.1 0.3 0,3 0.4 0.7 

Nsh.mba 0.2 0.0 LO 0.0 (JO 0.0 02 0.1 0.3 

Karagwc Dislrict 

Bugene 0.7 0.0 0.4 0.0 00 OA 0.0 0,2 0.2 

Kituntu 0.8 0.0 0.6 0.0 0.1 O.S 0.2 0.5 0.5 

~-~--------------~--
- .-~ ~-~~~-~-_.-~-_._~----- ---
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Table 5. Regression estimates of banana yield and percent roo! necrosis of bananas on district 
effects and foliar nutrient concentrations. 

Yield % rool necrosis 
----------- -_ ... __ . __ ... __ .--'_ ... _-_ .. -- ----

Bukoba' 
Karagwe 

% Cooking Iypes 

Nitrogen 

Pbosphorus 

Potassium 

Calcium 

Magnesium 

Sulfur 

Iron 

Manganese 

Zinc 

Capper 

Boron 

R-square 

F-value 

Sample size 

Intercept 

-4778" 

,2441 

147"-

71860 •• 

8373 

4192 

11959 .. 0 

35077*" 

2900 

-47" 

O 

582 

-532 

1346 

0.46 

87 

4.43 

-33372 

-10.1* 

1.6 

0.3**' 

-16.5* 

-41.0 

6.9 

-12.3 

28.6 

-40.4 

0.1' 

0.0 

O.S 

0.2 

0.7 

0.34 

87 

2.64 

39.3 

l The variables for districts are dummy variables. Muleba di,tr;ct ¡, the "míttco di,tl'Í,1 variahle. 

, 0,'0 and ••• indieate significance at P > 0.10, 0.05 and 0.01, rC'I'('ctivcly. 
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Table 6. Simple correlatíon coeffieients for foliar nutrient eoncentrutions and mean banana yíeld. 

~._--~ .. ... ~--~_ .. ~ .. _-~------~ ._-~----._-~-~----~--~.~~ - .. _-~ -... _----.. _--.. _ .. - ... _.-

N P K Ca Mg S Mn Fe Zn Cu B 

% % % % % % ppm ppm ppm ppm ppm 
.. _._~.~_ .. _~--.. _-~ .. ..~~.~~~ .. ~~~ .. 

Bukoba Distriet 
Kanyang. 0.57 -0.32 0.45 -0.13 -0.02 0.44 0.26 -0.33 0.81 ·0.79 0.42 
Buhekela 0.42 -O.l! 0.6J 0.47 0.59 0.12 -0.52 -0.07 0.32 -0.21 ·0.01 
Kagondo 0.55 0.29 -0.33 0.20 0.8J 0.47 -0.01 0.67 0.03 0.13 -0.17 
Ka/banja 0.34 -0.16 -0.26 0.50 0.60 ·0.14 0.39 ·0.17 0.20 ·0.08 052 
Ruhoko 0.55 0042 0.14 0.72 0.27 -0.37 -0.37 0.01 -0.02 -0.36 064 

Muleba Distríct 
Hemera 0.26 0.68 0.06 OAJ -0.05 ·0.37 -0.19 -O.J 8 -0,43 -0.02 0.18 
Nshamba 044 0.49 0.07 0.14 0.32 0.20 -0.36 0.11 0.30 0.54 -0040 

Karagwe District 
Bugene 0.21 -0.34 0.03 0.53 0.86 0.19 -0.12 0.18 0.10 0.31 -0.06 
Kituntu 0.44 -0.15 -0.20 -0.13 0.47 0.07 0,45 0.52 0.71 -0.19 -0.38 

Over a11 Joeations 

0.33 -0.05 0.04 0.31 0.37 0.09 -0.08 -0.00 0.24 -0.05 0.05 
.. _-----._-------._-~---- ._-~ .. _------~ -------~ ._-~----~- --~----~ 

Table 7, Coefficients of eorrelation offoliar nutrient eoneentratíons' wíth banana yield at apparen! 
non-optimal and optimal nutrient levels. 

Nutrient 

N 
Ca 

Mg 
Zn 
B 
K/(K+Ca+Mg) 

Ca/(K+Ca+Mg) 

MgI(K+Ca+Mg) 

Sub-optimal 
Range of Cone. r 

.. ~~ ... _~ ... 

2.07 - 3.64 0.33' 

0.64 - 1.I3 0.48 

0.26 - 0.65 0.38 

9.9 - 21.5 0.24 

8.1·10.0 0.38 

0.28 - 0.37 0.35 

0.23-0.36 0.44 

0.17 - 0.25 0.32 

no.2 

87 

55 
87 

87 
30 

30 
49 
62 

Above CNL for deficieney 
Range of Cune. r no. 

1.13 1.59 

10.0 - 12.8 
0.3~ .. 0.59 

0.37 0.47 

0 .. 25 0.36 

0.26 

0.01 

-0.45 
-0.22 

·0.06 

32 

57 
57 
38 

25 

, Linear relationships of banana yieJd with P, K, S, Fe, Mn, and Cu werc no! significant and are not prcsentcd. 

, no. is the number of ,amples. 

) The lincarreJationship is signilicant al P = 0.05 and 0.01 ir the correlalioo codficon! (r) excccds 0.2J and 0.27, 

respectiveJy. 
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Table 8. DRIS norms andcoefficients ofvariability for Eastern Africa Highland bananas estimated 
from the Kagera data. 

DRIS norms CV 

N 3.15 10.3 

P 0.25 32.8 

K 3.04 17.1 

Ca 1.13 19.2 

Mg 0.48 17.3 

S 0.25 12.8 

Fe 152 26.8 

Mn 400 69.0 

Zn 16.0 15.9 

Cu 7.10 37.8 

B 10.0 9.9 

NIP 12.5 25.6 

NIK 1.2 20.7 

N/Ca 2.8 25.6 

NlMg 7.0 21.6 

N/S 12.5 14.9 

NlFe 0.021 19.0 

NlMn 0.009 55.6 

NlZn 0.20 17.5 

N/Cu 0.50 26.8 

N/B 0.30 13.3 

PIK 0.09 34.4 

PICa 0.24 47.5 

PlMg 0.50 55.0 

PIS 1.06 31.4 

PlFe 0.002 50.0 

PlMn 0.001 100.0 

PlZn 0.016 43.7 

P/Cu 0.040 37.5 

P/B 0.025 32.0 

KlCa 2.40 32.7 

KlMg 5.2 31.5 
KlS 10.4 19.2 
KlFe 0.018 22.2 
KlMn 0.008 50.0 
KlZn 0.16 23.1 
KlCu 0.40 31.5 
K/B 0.24 17.9 
CalMg 2.50 23.1 
Ca/S 4.80 2)Á :' 

. 
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Table 8. Continued. 
--~~ ... _.~-~~~-~- ... _----.... ~---_ ... -

CalFe 0.008 25.0 

CalMn 0.003 66.6 

CalZn 0.072 25.0 

CalCu 0.17 37.J 

Ca/B O.J J J8,2 

MglS 2.00 21.0 

MglFe 0,003 33.3 

MglMn 0.001 50.0 

MglZn 0.03J 19.4 

MglCu 0.070 31.4 

MgIB 0.045 J7.8 

S/Fe 0.002 41.0 

SlMn O.ooJ 64.0 

SlZn 0.OJ8 16.7 

S/Cu 0,039 25.6 

SIB 0.039. JO.3 

FeIMn 0.35 70.6 

Fe/Zn 9,9 28.2 

FelCu 23,0 38.8 

Fe!B 14,6 28,2 

MnlZn 25,0 76,0 

MnlCu 62 53.5 

MnIB 42 64.4 

Zn/Cu 2,6 26,2 

ZnIB 1.15 171 

CuIB 0,67 20.8 
______ M. ____ 
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Table 9. Probable villages in which toconducl diagnostic Irials lo confirm the presence of problems 
indicated by Ibis study. 

N p K Ca Mg S Zn Cu B 

Bukóba Dislrict 

Kanyang. x x x x x x x 
Buhekela x x x x 

Kagondo x x 
Kaibanja x x x 
Ruhoko x 

Mulcba Di,trict 
Ilemera x x x 

Nshamba xx 

Karagwe Distrk:t 

Bugene x x x x 
Kituntu x x x x x 

..... ~~----
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APPENDIX 

Table Al. FoJíar nutrient concentrations of bananas near (N) and far (F) froro the house on farros 
in Kagera Region of westero Tanzania. 

Name N P K Ca Mg S Fe Mn Zn Cu B 

% % % % % % ppm ppm ppm ppm ppm 

., 
Mikoni, Bukoba 

r. Abdallah F 2.88 0.23 2.44 1.35 0.41 0.14 123 304 9.9 5.1 10.3 

N 3.19 0.23 2.02 1.17 0.52 0.24 220 538 14.6 7.5 10.2 

P. Nicolus F 2.63 0.22 2.43 1.16 0.43 0.23 133 399 15.8 6.1 9.9 

N 3.58 0.28 2.79 1.40 0.52 0.30 157 411 16.9 6.8 9.9 

N. Kayego F 2.69 0.27 2.63 1.32 0.51 0.27 166 637 16.2 8.5 10.5 

N 2.97 0.21 2.17 1.42 0.43 0.26 185 479 15.7 5.7 10.9 

C. Pangani F 2.72 0.28 2.89 1.13 0.44 0.25 166 340 13.7 8.8 8.8 

N 2.94 0.24 2.85 1.59 0,46 0.27 147 574 18.0 8,4 10.9 

P. Ngaiza F 3.22 0.19 2.67 0.80 0.29 0.22 127 1382 16.9 10.0 10.7 

N 3.36 0.19 2.22 1.22 0.52 0.29 145 1672 16.2 11.4 10.9 

Kaibanja, Bukoba 

T.Grabawa F 2.97 0.26 2.85 0.74 0.42 0.23 121 399 14.4 13.6 9.2 
N 3.42 0.30 2.97 1.13 0.39 0.28 134 481 14.2 7.1 11.6 

1. Muganyizi F 3.00 0.25 3.02 0.69 0.33 0.28 144 454 14.7 8.3 9.1 
N 3.50 0.26 3.15 0.96 0.44 0.24 152 303 15.3 6.6 10.3 

S. Karumuna F 2.86 0.41 2.61 0.91 0.32 0.30 119 307 15.2 7.6 11.2 
N 2.58 0.20 2.39 1.32 DA5 0.20 154 595 13.7 5.9 11.0 

R. Rugalabamu F 2.74 0.25 2.42 1.00 0.42 0.19 113 625 14.4 6.5 10.3 
N 3.02 0.28 2.29 1.23 0.46 0.25 125 477 16.9 63 11.7 

E. Alexander F 2,66 0.35 2.77 1.14 0.33 0.23 127 435 13.5 4.9 11.2 
N 3.22 0.23 2.82 1.05 0.36 0.24 145 457 13.3 5.1 10.2 

Buhekela, Bukob. 

E.Ishashi F 2.55 0.32 2.78 1.53 0.48 0.26 1I1 307 16.0 6.2 11.7 
N 3.36 0.24 3.08 1.30 0.44 0.30 146 354 20.3 6.9 11.5 

N. Balingilaki F 2.80 0.20 2.51 0.90 0.26 0.28 124 451 17.7 7.6 9.7 
N 3,19 0.25 2.94 1.47 0.36 0.30 166 455 19.6 8.6 12.8 

M.Muyunga F 3.22 0.25 2.40 l.37 0.34 0.28 118 474 16.1 9.3 12.0 
N 3.25 0.27 2.74 1.26 0.60 0.29 170 341 20.3 7.8 12.2 

B. Muliro F 2.46 0.50 3.15 1.34 038 0.28 154 307 17.1 7.3 11.5 
N 3.25 0.29 3.13 1.46 0.62 0.28 133 142 17.0 5.7 J 1.4 

B. Thadeo F 2.74 0.41 2.62 0.86 0.33 0.29 151 345 16.0 7.2 10.2 
N 2.55 0.21 2.44 0.79 0.36 0.27 133 282 13.3 4.0 11.7 

Ruhoko, Bukoo. 

I¡ H.lbrahimu F 3.39 0.29 3.30 0.95 0.49 0.29 144 339 14.8 10,8 10.4 
N 3.14 0.26 2.54 0.98 0.50 0.20 137 387 14.0 7.1 11.3 

H. Abedi F 3.28 0.21 2.35 0.86 0.55 0.26 163 675 14.7 8.0 11.4 
N 3.64 0.28 3.13 1.03 0.50 0.24 156 244 13.9 6.1 11.8 

M. Sentamu F 3.30 0.21 2.10 0.88 0.65 0.25 282 583 19.3 10.7 lOA 
N 3.08 0.19 1.61 1.07 0.61 0.23 169 853 17.0 9.7 12.3 

L. Kashunga F 3.30 0.20 2.59 0.95 0.45 022 147 730 12.8 7.1 9.0 
N 2.77 0.20 2.47 0.67 0.32 0.25 124 533 14.1 7.5 9.1 
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Table Al. Cont 

Name N P K Ca Mg S Fe Mn Zn Cu B 
% % % % % % ppm ppm ppm ppm ppm 

Kanyangereko, 13ukoha 

J. Kagurusí N 2.49 0.40 2.06 1.15 0.42 0.20 114 207 16.0 6.1 10.2 
W.l'igwera F 3.11 0.24 2.34 0.97 0.30 0.24 173 161 14.4 6.1 10.9 

N 3.22 0.24 2.57 I.lI 0.42 0.25 134 179 15.1 3.7 10.0 
B. Mulinda F 2.80 0.22 2.17 1.17 0041 0.21 143 165 13.9 5.1 8.9 

N 3.39 0.21 2.29 0.83 0.33 0.24 148 220 16.1 4.8 9.8 
C. Rugomora F 2.35 048 1.65 1.24 0.52 0.22 114 165 13.5 8.2 8.5 

N 2.74 0.32 2.27 1.20 0,41 0.21 131 167 14.1 6.0 9.8 
E. Sebastian F 2.69 0.24 2.60 0.99 0.34 0.21 153 195 13.3 5.7 8.6 

N 3.28 0.23 2.68 1.06 0.38 0.24 122 1 601 5.7 4.2 1 0.0 

Bugene, Karagwc 

E. Kanyangaro F 2.97 0.24 3.01 0.64 0040 0.20 127 209 15.8 7.1 11.1 
N 2.80 0.23 249 IAI 0.53 0.23 122 189 12.6 3.7 9.9 

F. MUI.bazi F 2.86 0.21 2.42 0.93 0.43 0.20 121 462 12.5 5.9 10.3 
N 2.80 0.33 2.82 0.98 0.36 0.22 122 486 14.0 5.6 10.4 

O. Kabcndera F 2.80 0.20 1.59 1.26 0.45 0.22 147 140 20.5 4.6 9.9 
N 3.30 0.24 2.50 1.00 0.40 0.20 162 200 21.2 6.0 9.0 

O. Gabagambi F 2.44 0.19 2.20 0.80 0.40 0.20 121 462 12.5 5.9 10.3 
N 2.88 0.20 2.52 1.12 0.54 0.21 151 274 20.0 8.5 10.5 

B. Nkoborelwa F 2.07 0.23 2.37 0.98 0.46 0.22 134 146 19.6 5.6 10.8 
N 2.44 0.22 2.44 0.91 OAI 0.22 163 146 14.2 5.5 10.0 

Kilun!u, Karagwc 

M. Babara F 2.94 0.21 2.13 1.08 0.59 0.22 162 500 19.8 5.0 10.0 
N 2.94 0.19 2.28 1.08 0.51 0.21 160 718 19.7 6.7 10.3 

N.Bigimbwa F 2.72 0.18 2.06 1.22 0.47 0.21 157 279 12.9 7.1 10.5 
N 2.86 0.20 2.10 Ll8 0.38 0.22 150 391 12.1 4.8 11.4 

F. Kamugisha F 2.38 0.20 2.67 1.25 0.33 0.20 III 195 12.8 5.2 10.7 
N 2.32 0.20 2.52 1.33 0.41 0.24 143 262 10.4 3.7 10.0 

1. Mugen; F 2.58 0.19 1.76 1.12 0.53 0.21 101 487 11.0 6.8 11.6 
N 3.00 0.23 2.17 0.96 0.42 0.23 136 383 21.5 7.7 10.1 

1. Murondo F 2.80 0.69 3.45 0.68 0.32 0.29 109 166 12. I 8.1 10. I 
N 3.25 0.26 2AO 1.10 OAO 0.20 120 680 1t.9 3.8 IL8 

Ilemera, Muleha 

A. K.mugisha F 2.63 0.26 2.73 0.70 0.32 o.n 251 534 14.5 6A 8.1 
N 3.19 0.28 2.56 0.97 0.50 0.24 203 254 131 4.3 10.7 

W. Shabani F 3.16 0.25 3.27 0.79 0,48 0.26 161 564 184 24.7 1t.8 

N 3.28 0.25 3.12 0.76 0.54 0.27 235 282 16. I 6.3 11.9 

Kífaru F 2.69 OAI 2.74 0.85 0.30 023 165 286 12.6 6.6 10.9 

N 3.36 0.27 3.10 0.87 043 0.25 397 382 15.3 5.8 10.9 

E. Mnyagante F 2.74 0.33 2.77 0.88 0.35 0.21 124 452 13.3 5.9 9.2 

N 3.30 0.27 2.20 L14 0.43 0.25 147 405 139 10.6 9.9 

C. Bombo F 2.94 0.17 2.21 0.98 OAI 0.24 146 314 15.3 5.7 9.8 

N 3.00 0.36 3. I 5 0.88 0.34 0.22 177 443 13.7 6.0 9.2 
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Table Al. Cont. 

Name N P K Ca Mg S Fe Mn Zn Cu B 
% % % % % % ppm ppm ppm ppm ppm 

Nshamba, Muleba 

A. Rwakatare F 2.94 0,19 1.94 1.07 0.43 0.25 155 710 13.6 8,5 10.6 
N 3.22 0.20 1.98 1.13 0,44 0.28 165 707 12.3 6.4 10,2 

A, Rwakatare F 3.33 0,20 1.91 1.00 0,41 0,23 124 347 12.4 9.5 8.5 
N 3,36 0.20 1.98 1.06 0.47 0.29 139 403 14.9 10.2 9.5 

19abiro F 2.97 0,17 1.96 0.76 DAD 0.27 110 885 13.0 8.7 9.5 
N 3.30 0,18 2,29 0.78 0.35 0.25 115 707 12.3 6,4 10,2 

D. Timanya F 3.22 0.17 1.64 \.06 0.31 0,24 105 921 13.6 8,4 9,1 

N 3,02 0.18 1.71 1.22 0.32 0.25 132 1496 13.5 8.3 9,8 
D, Kaduugu F 2.77 0.21 2.25 1.26 0.49 0,24 120 273 15.8 7.6 10.3 

N 3.30 0,18 2.29 0.78 0.35 0.25 115 669 15.4 6.4 8.8 
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