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1. INTRODUCTION: 

Many tropical soils are known for their advanced stage of 
weathering, poer nutrient status and their acidic nature. In an 
attempt to improve the productivity of these soils, much werk on 
fertility evaluation and fertili z er recommendations has been do ne 
in diff e rent parts o f the world . Soil analysis, pot and field 
t ri al s o r a combination o f these have been employed . 

Field trials in most cases prove to be the best method 
as they are mo r e close t o the ac tual farm i ng situation. How e v er , 
fi e ld tr i als are costly and need much time to r e ach conclusive 
results. For i nstance National Soil Service <NS S > we r k on 
Mlin ga n o caten ar y seque n ce i n Ta ng a reg ion o f Ta n z ani a n eed e d 7 
years of experi mentation before it co u ld g et c oncl usi v e res u lts 
on soi l fertilit y a nd manageme n t requ irements of t h e cate n a. 
Moreover, some fertilizer responses started to show up in the 
last years indicating the instability of soil fertility with 
time . Therefore there is a need to develop a method of fertility 
evaluation which will take leas time but at the same time 
introducing minimum error. Topsoils have a great contribution to 
the fertility of the highly weathered tropical soils because they 
carry almost all of the organic matter and nutrients. Hence, if 
the use of topsoil in predicting soil fertility prove to be 
comparable to the results observed in field, pot trials or soil 
tests can be executed frequently to monitor fertility changes 
with time . 

This study evaluated the effectivenesa of the use of the 
topsoil in fertility assessment of tropical soils. Inherent 
fertility of the soils from the selected catenas was evaluated 
and then the response to fertilizers on these soils were studied 
using maize as a test erop. Maize response to fertilizers 
including growth rate, freah, dry matter yield and nutrient 
uptake were studied in a pot trial and the results were compared 
with previous results obtained in the field. Finally, the 
following was investigated: 

Whether the predicted yield from by 
calculation using chemical characteristics or 

the topsoil 
by pot trial are 

comparable to that obtained in the field. 
Whether the position in the 

predict erop response to fertilizers. 
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landscape can be used to 



2. EXPERIMENTAL DESIGN 

The experiment consisted of field studies and a pot 
trial. The field studies included characterization of study sites 
and detailed study of soil characteristics in profiles. 

Two catenas, Mlingano and Kwamdulu were selected for this 
study. The location of the catenas is indicated in appendix 3. 
The catenas were selected because they have the same parent 
material and they have the same geological and pedological 
history. They have a similar climate and similar topographical 
features. Besides, their landscape positions are clearly defined 
and their land management practices are well known. The catenas 
have red acid soils on the cres t whi c h bec ome less acid down the 
slope . On Mlingano catena the soils become brown down the slope 
while on Kwamdulu the soil colour is the same along the cat e na. 
The study concentrated on the c rests and lower slopes t o ensure 
that a clea r d ifferen c e between positions in the landscape i s 
obtained. 

The topsoil <O - 20cm) was collected randomly within each 
of the study sites and used for pot trial. The response to 
fertilizers N, P and K on these soils was tested using maize < 
Staha composite > as a test erop . In addition to fertilizers, the 
effect of lime was tested. Maize response to fertilizers and lime 
on soils of each site was tested using a completely randomized 
factorial design. In each case the treatments were tested in 
duplicates. Lime rates were based on the amount of exchangeable 
Al of the topsoil , while the choice of fertilizer treatments was 
based on previous field experi ments. This made it possible to 
co mpare pot results to those from the field. Conversion from the 
fertilizer rates to the amount applied in pots was based on the 
weight of the fallow slice, which was supposed to be 2ton/ha. 

Th e treat ments are ind icated in the following section. 



3. MATERIALS AND METHODS: 

3.1 Selection of sites 

Two soil catenas with similar topographical features, 
parent material and agroecological z ones were selected. The 
information on topographical features and parent material was 
obtained from survey report, Nation soil service (1988>; De Pauw 
<1983> and the agroecological z one classification from the report 
by De Pauw, 1 9 83. 

The charac teristics of so i ls in bath crest and lower 
slope of the catenas were studied . Several auger holes of 40c m 
d e p t h were mad e on e ach sit e f o r g e n era ! characte r i z at i on of the 
sites and also f o r gu i dance on where to make a pit . 

3.2 Detailed study of t h e sites 

One s o i l p i t of up to 2 met e r s depth was mad e f or e ach 
site. Description of profiles was done according to the 
guidelines for profile description <FAO, 1977>. Soil colours were 
described in accordance to the Munsell colour chart <1975) . A 
soil sample from each horizon was collected for analysis of the 
following characteristics; pH<HaO >, pH<KCLl, Exchangeable bases, 
CEC, O.C, total nitrogen, available phosphate and partical size 
distr1.bution. 

3.3 Soil collection for the pot trial 

To p s o il material <0-20cm J was collected r andomly from 
six diffe r ent p laces on each si t e. Soil b elonging to one site wa s 
mixed, a i r d ri ed , ground a nd si eved t h ro ugh a 2 mm sieve . The fi ne 
earth was mi x ed thoroughly and subsamples were t aken for chemical 
analysis. This i ncluded pH, 0 . C, t otal ni trogen, exchangeabl e 
bases, CEC, exchangeable alumi ni um, available p h oB ph at e , iron and 
manganese . 

3.4 Preparation of the pot trial 

The f ield capacity of each soil was estimated by 
s a t u rati ng 4 kg of s oi l a nd l eav ing it to drain fr eely o ve r night . 
60 % of the soil moist u re left after t he drainage had ceased, was 
supposed to be an a p proxi mation of the f ield capacit y . 

The a mount of li me to be applied to each soil was 
determined based on exchangeable alum in ium of the soil . Lime r ate 
used was 1.65 t ons of CaC0 3 pe r h e ct a re f o r every milliequiva len t 
of exc hang e able a lum i nium as sugge s t e d by Kamprath, 1970. Li me 
req u irement of the soils was; 4. 4g, 2 . 4g, O, and 0 per po t o f 
Kwamdu l u c rest , Kwa mdul u l ower slope, Mlingano crest and lower 
slope soils respectively. Du e to the limited ti me, for a 
lime- soil reaction in the pots, a mo re soluble liming mate r i ö l 
was prefered. Analytica! CaC03 was used in this pot trial. 

Fe r ti l izer r ates used were based on the results of the 
previous f ertili z er trials o n Ml i n gano catena. Slightly higher 
rates was used. The r ates were; ~O , ~O and 20kg/ha of nitrog en , 
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phosphate and potassium respectively. 
of nitrogen, triple super phosphate as 
analytical potassium chloride as source 

Urea was used as a source 
source of phosphate and 

of potassium. 

3.5 Set up of the pot trial 

The effect of nitrogen, phosphate , potassium fertilizers 
and lime on the productivity of the top soils of the crests and 
lower slopes of the two catenas was investigated. Maize was the 
test erop. A 2 3 and 2 4 factorial design were used f or Mlingano 
and Kwamdulu respectiv e ly. Treatment s were a s signed randomly 
within eac h of the f our soil s in dupli c a te. The tested tr e atments 
were c omb i n a t i on s o f 2 l e v e l s of N, P and K fe rt i li z e rs. Fo r 
Kwamdulu catena the combination also incl uded 2 level s of lime . 
Th e trea tm e nt s t e st e d are as i ndic a ted be l o w; 

Mlingano c a ten a Kwa mdulu c atena 

No Po Ko No Po Ko Lo NoP0KoL1 
N 1 Po Ko N 1 Po Ko Lo N1PoKoL1 
No P, Ko No P 1 Ko Lo NoPiKoLi 
No Po Ki No Po Ki Lo NoPoK1Li 
Ni P, Ko N, P, Ko Lo N,P,KoLi 
N,PoK1 N, Po K, Lo N1PoK1L1 
No P, K, No P, K, Lo NoP1K1L1 
N, Pi Ki N1 P, K, Lo N, Pi K, L, 

The subscript 0 denotes no applicat i on of the corresponding 
nutrient. The second level of application denoted by the 
subscript 1 stand for 100, 40 and 40mg/pot of N, P, and K 
respectively. For Kwamdulu catena, L, indicates 4400 and 2400 mg 
of lime per pot on the crest and lower slope respectively. 

Four kilogra ms of soil was moistened to 35 % of the field 
capacity and mixed thoroughly to ensure uni1orm moistening. The 
moist soil was divided into two. One portion was mixed with 
fertilizers or li me as per treat ment. The other portion was again 
divided into two parts. One part was put at the botto m of the 
pot, follo wed b y the fertilized soi l a n d the n t h e second part on 
top. This was done to ens u re unifor m distribution of fertilizers 
in the root zone and to avoid root damage due to a salt effect . 
The volume of the pots used in this trial was four litre. Four 
maize seeds were sown i n each pot and then pots were irrigated to 
field capacity. 

3.6 Running of the trial and data collect ion 

The soil moisture was maintained at fiel d capacity 
throughout the experi mental d u ration. Rain water was used for 
irrigation. Pots were rotated daily to mini mi ze positional 
variations. Five days after planting, germination percentage was 
recorded. T h ree days later, plants were thinned to two per pot. 
Frequent visual obse r vations of pla nt p erforma nce we re done 
during the experimental period. Plant heights were taken at the 
age of 1 2 , 19,31, 3 6 and 5 2 days. 
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3.7 Harvest 

Fifty two days after germinati o n, t he above ground pa r ts 
of the plants were harvested. Total len g th was measured and the 
shoots weighed. The shoots were washed in r ain water, rinsed in 
demineralized water and afterwards oven dried at 60°C for iour 
days. The weights of oven dried shoots were taken. Then the 
shoots were ground ready for chemical ana ly sis. 

After harvest, three pots wer e randomly sel e cted iro m 
limed as well as nonel i med treatme nt s f o r e ach o f Kwamdulu cr e st 
and low e r s lope s oil s . S o i l sample wa s ta ken fr om each of t he s e 
p ots for pH <H2 0) d eter min a tion . 

3.8 Methode u eed zor eoil a n alyeie 

pH<He O> and pH<Kcl ) wa s d et e rm ined 
1:2.5 soil to solution by the use of 
glass_calomel combination electrode. 

Organic carbon was determined 
Walkley_Black method 

Total nitrogen was determined by 
samples in concentrated H2SÜ4 and distilled 
prescribed by the Kjeldahl procedure. 

i n 
pH 

s u s pen sion of 
meter with a 

according to the 

digestion of soil 
boric acid as 

CEC was determined by the ammonium acet3te method. 
Exchangeable bases were extracted by neutral arnmoniun 

acetate. In the extract, calcium and magnesium were determined by 
atomie absorption spectrometer and potassium and 3odium by flame 
photometer. 

Available phosphate was extracted by a mixture of 0 .03M 
ammonium fluoride and 0.025M hydrochloric acid as instructed in 
the Brayl method. Phosphate in the extract was determined 
colorimetrically using a blue ammonium molybdate rneth od with 
ascorbic acid as a reducing agent. 

Exchangeable aluminium was 
obtained by titration with O.OOS M 
presence of am monium oxalate. 

extracted by 
hydrochloric 

lN 
acid 

P h osphate rete n tio n was deter mined according :o 
suggested by Blakemore et al. 1987. 

KCL and 
the 

a method 

Micronutrients were extracted by a mixture of O. OOSM 
DTPA, 0. lM TEA and O.OlM CaCl at pH 7.3 then determined by AAS in 
the filtrate. 

Particle size distribution; The soil was treated with 
30 ï. He02 to oxidize the organic matter. Particles were dispersed 
by 4 ï. sodium hexametaphosphate. Water was added up to 1 liter. 
The mixture was homogenized by shaking and particles in 
suspension determined by hydrometer method. 

3.9 Methode ueed in plant analyeis 

Ground plant samples were oven dried at 70°C and digested 
with a H2 S 04 mi x tu re at 350°C. Selenium wa s use d as a c at alyst. 
Nit r ogen wa s fir s t coup l ed to sa li cy l i c acid and subsequentLy 
redu c ed . The diges t ~as us ed i o r the io l lo wi ng dete r mina tions ; 
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Nitrogen. Determined by a method based on the colour 
forming reaction of Berthelot, in which hypochlorite was used for 
oxidation and sodium nitroprusside as a catalyst. 

Phosphate was determined colorimetrically by the blue 
ammonium molybdate method with ascorbic acid as a reducing agent. 

Sodium and potassium were determined by flame emission 
spectrometry. 

Calcium, magnesium and micronutrients were determined by 
atomie absorption spectrometer. 

Procedures for soil analysis <ed.> by Van Reeuwijk was 
used for reference. 



4. RESULTS 

4.1 Site cherecterizetion: 

Bath Mlingano and Kwamdulu catenas are situated in semi
humid plains with the mean annual rainfall ranging from 600 to 
1200mm, developed on intermediate metamorphic rocks, well 
drained, undulating to rolling plains with slope of 2 to 10 ï., 
si tuated at low alti tude, less than 750 M. (De Pauw, 1983) . 

The catenas are situated under the foot slope of Usambara 
mountain. They have convex slopes ranging between 0 and 13 ï. . The 
slope incr eases gradually from the crests to the foot slopes. 
Soils a re re d derived from gneissic parent material . The catenas 
have bimod a l rainfall pattern, with long rains from March to May 
and short r a i n s fr om S ep t embe r t o November. Ave r age a nnual 
r ainfall i s 11 3 6 mm f o r Kwamdulu a nd 11 5 0 mm f o r Ml i ng a no . 
Mlingano catena is under mai z e cultivation whereas Kwamdulu is 
u n der s i s a l. 

The soils of the catenas are deep. The solums are deeper 
than 1.5 m, with horizons having only slight diffe r en c es either 
in co l our , tex tu re or s truc ture . Th e boundaries between horizons 
are gradual or diffuse and smooth. 

The soils have good physical properties. They are well 
drained, friable and moderately aggregated. However, the 
producti vit y o f the soils is low at the crests and better at 
l ower slopes as indicated by the erop yield < 700 Kg/ha of maize 
on the crest as compared to 2,500 Kg/ha on the lo wer s l ope of 
Mli ngano ca t e n a. S isa l lea f length of 94 c m o n cres t v ersu s 106 
cm on lower slope of Kwamdu l u c at e na ) . 

4.2 Ge neral d e scription of soil properties of profiles: 

The more de tai led de sc r iption i s indicated in Appendix 1 
a n d 2 . 

Kwa mdul u crest 
Kwa mdulu c rest have dark reddish brow n t opsoils. Soil 

cclo u r c h a n ges grad u ally t o d ar k red i n t h e s u bso i l . The c l a y 
conten t inc r ea s es g radually down t he pro f ile. Soi l s a r e 
s t ro ng l y acid i n to psoil , th e pH increase s g r a d ua l l y d o wn t he 
profile to moderately a cid s u bsoil . This is d u e to t he inc rease 
in bases <espe cial l y magnesium> with d ept h . Available P i n t he 
topsoil is s li g h tl y higher than in the subsoil . Genera ll y, 
a vailable P in Lh e soi l pro1i le is low. 

Kwamdulu lower slope 
The soil col o u r c ha n ges g r adually fro m dark reddi s h bro wn 

i n t h e topsoils to dark red in s u bsoils . Topsoi l s ar e c oa rse in 
t exture, while the subsoils are f ine r having twice as much c lay 
a s t he topsoil . Th e soi l re action i s slig h tly acid e xce p t a t 
dept h 10 -30 cm were ~t ~~ s t ro ng l y aci d . Th is i s a l s o 
accompanied by t he o cc u ce nce 0 1 hi gh e xch a ngeable alumi ni um in 
this horizon. Like in Kwamdu l u cr es t , exchangeable magne s i um is 
i ncreasing with d epth. Ava1lable ph os ph a te is low throug h o ut t he 



profile. There 
in the subsoil 

is a slight indication of phosphate accumulation 
(30-95 cm). 

Mlingano crest: 
Dark reddish brown topsoil changes gradually to dark red 

in the subsoil. Soils are friable, with clay content increasing 
gradually down the profile. Soil pH decreases with depth. The 
topsoil has a slightly acid reaction while the subsoil is very 
strongly acid. All nutrients decrease with soil depth. Available 
phosphate is low in the topsoil and very low in the s ubsoil, 
possibly due to fixation by aluminium or due to the decrease of 
organ i c matt e r . 

Mlingano lower slope 
Th e s o i l co lour is c hanging gradually from dark brown in 

to p soil t o red i n th e s ub s o i l. Topsoils a r e l ighte r tex tu r ed tha n 
th e s ub s o i l s i n whi c h c lay a c c umul a t i on wa s obs erved. The t op s o il 
is neutral and the subsoil is slightly acid. Bases are h ig h er i n 
the topsoil and decrease with depth. Available phosphate is 
moderate in the topsoil and low in the subsoil. 

4. ~ Nutrient status of top (Q - 20 cm> soil: 

Table l shows chemical characteristics of the four soils 
used in the pot trial. Rating of nutrients is indicated in Table 

TABLE 1: CHEMICAL CHARACTERISTICS OF SOILS USED IN POT TRIA L 

Exch. cations 
SOI L pH Ca Mg Na K Sum CEC BS 

no . H20 Kcl meq/lOOg ___ Y. 
Kl 4.6 3.9 1. l 0.6 o. 1 0 .1 1. 9 9.1 21. 0 
K2 4.9 4.1 2.0 1. l o. 1 0.6 3.8 8.5 44.0 
Ml 6.4 5.9 7.8 3.0 0. 1 1. 1 11. 8 12.2 96.0 
M2 6 . 8 6 . 0 11. 6 4.2 0. 1 1. 8 17.6 16 . 4 100 . 0 

SO IL DTPA extraction Kcl extr. 
one to 5 extr. 

no. org. matter p _ Bray Cu Zn Fe Mn exch.Al P-sorp 
Cx ,.. mg/Kg p m meq /100 Y. 

Kl 1. 5 0 . 1 4 .33 5 3 35 173 1. 32 29 
K2 1. 2 o. 14 3. 66 4 2 37 134 0.68 23 
Ml 2 . 1 0.24 4.9 7 5 10 122 0.0 18 
M2 2.3 0.24 8 . 6 6 4 14 7 6 0.0 1 5 

KEY: 
Kl Kvamdulu crest soi l 
K2 Kv amdulu lover slope soil 
Ml Mlingano crest soil 
M2 Mlingano lower slope soil 
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TABLE 2: RATING OF" SOIL CHEl1ICAL PROPERTIES 

SOIL RATING 
------- exch. cations -----------

aoil reaction Ca Mg K Al 

Kvamdulu creat atrongly acid v. lev lev lev lev 
Kvamdulu lover alope atrongly acid lev moderate high lev 
Mlingano creat slightly acid moderate high v. high v. lev 
Mlingano lover alope neut ral high high v . high v. lev 

SOIL Org . matte r Av.P CEC Ba Mn 

Kvamdulu crest moderate lev lev lev high 
Kvamd ulu lov er slo p e mo derate lev lev mode r a te 
Mlingano er est high moderate moderate high 
Mlingano lover slope high moderate moderate high 

Generally, nutrient status of the soils is higher in the 
lower slopes than at the c rests . Soil pH and base status is 
higher at lower slopes for bath Mlingano and Kwamdulu. For 
Mlingano, organic matter co~tent, available phosphate and CEC are 
also higher at the lower slope. This is not the case in Kwamdulu, 
where the crest soils have higher organi c mat ter, available 
pnosphate, CEC and micronut rients than the soils at the lower 
sloµes. The data shows Mlingano catena to be more fertile than 
~wamdulu catena. This could be due to d i f ferences in management 
practices. Kwamdulu catena is under sisal, a deep rooted erop 
v1th nigh require ment of potassium and calciu m. Mlingano on the 
ot her hand, is under mai ze cult i vat ion, a erop w i th high 
requirement of nitrogen and P. Another reason could be the effect 
of fertilizers. Mlingano area has been under resear ch for a long 
time, could be the area with a recent hi s tory of being 
nonfertili~ed was once under fertilizer tri als. 

4.4 Nutrient supply by the soils: 

The nutri~nt supply by uniertilized soils to the test 
erop are indicated in Table 3 . Table J also shows values 
esti mat ed for pot e ntial s uppl y 01 nutrients by the soils as 
calcu lated from soi l che mica! properties lavailable P, O.C, pH, 
and Exch K > as instruct.ed in QUEFTS :11 ethod (Ja nssen et al 1'389a ) . 



TABLE 3: THE AMOUNT OF' NUTRIENTS SUPPLIED BY NONE F'ERTILIZED SOILS 
TO THE PLANTS 

CALCULATED 
CONTENT ACTUAL UP TAKE POTENTIAL SUPPLY 

SOIL NUTRIENT x ppm _mg / pot_ RA TI NG Kg/ha mg/pot 
Mlingano 
er est N 3 . 14 330 o ptimum 126. 1 252 

p 0. 2 22 lov 9 18 
K 6.08 6 28 hi gh 105.6 211 

Ca 2.26 250 h igh 
Mg 0.36 40 high 
F' e 129 l. 4 o pti mum 
Mn 7 1 0 .7 opti mum 

Mlingano 
lover slope N l. 64 235 optimum 148.6 297 

p 0.23 33 optimum 9.8 2 0 
K 4 . 71 676 high 131. 1 262 

Ca 2.19 314 hi gh 
Hg 0.27 39 optimum 
F'e 147 2. 1 optimum 
11n 37 0.5 optimum 

Kvamdulu 
er est N 2 . 74 85 optimum 42 . 2 84 

p 0 .19 6 low 2.3 4 
K 3.57 111 high 24.4 49 

Ca 3.65 113 high 
Mg 0 . 53 16 high 
F'e 100 0 . 3 optimum 
Mn 1079 3 .3 taxie 

Kwamdulu 
lover slope N 2.54 74 optimum 38.8 78 

p o. 11 3 de:t:icient 3 . 5 7 
K 4.75 138 hig h 168.8 338 

Ca 3.61 105 high 
Hg 0 . 41 12 high 
F'e 66 0.2 optimum 
Mn 313 0.9 optimum 

It ~as observed that poten~ial nutrient supply obtained 
by calculation, especially that of potassiu m and of nitrogen was 
very low wnen compared to the actual uptake. Even the uptake ±rom 
uniertili~ed soils was already =3r higher tha n the calculated 
potential ~upply. Thi3 discrepancy coul d be caused by a pot 
effect . Queits was develo p ed based on field data. The use of data 
fro m pots giv es a h i g her uptake b e c ~ u se i n pots plant roots a r e 
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exposed to small volume of soil, hence a much more intensive 
extraction of nutrients by plants occurs. In field condition 
roots extend to larger volume of soil leading to little nutrient 
extraction per unit volume. 

4.5 Fertility assesment for maize : 

Rating of nutrient contents in plant 
unfertilized soils is shown in Table 3. 

Criteria used in rating of nutrient content 
and plant tissue are indicated in Appendix 4. 

Mlingano catena soils 

tissue from 

in the soils 

At the lower slope nutrients we r e supplied in sufficient 
amount . The supply of potassium and calciu m was more than 
optimum. At the crest, most of the nu tr ients were supplied in 
sufficient amount. The supply of potassium, calciu m and magnesium 
was h i gher than opt imum whe r eas tha t of phosphate was b elow 
opti mu m. 

Kwamdulu catena soils 
Crest soils supplied low phosphate and very high 

manganese. The supply of phosphate in the lower slope soil was in 
the deficiency range while potassiu m and calcium supply was 
beyond the optimum range. 

4 . 6 Effec t of N, P and K ferti lizers o n p l a nt g rowth : 

The fe r t ilizer s had n o sign ificant effe c t o n ge r mi na tion 
percentage as by this time seedlings u sed the nutrient reserve in 
the seed . Also this indi c ates the absence of a s a lt effect o n 
seed germination. 

At the early g r owth stage no di f ference was observed in 
plant performance. To explain this is the low nut r ient 
requi r ement and the nutrient reserve in the seeds . With time 
nutrient demand increased and the nutrient reserve in seeds was 
exhausted. So me plants started to be weak and developed a purple 
colour on t heir midrib a nd l eaf blade, indicati n g phosphate 
deficiency. On Mlingano crest soils these sy mptoms were obse rved 
in plants with K and NK treatments . The symptoms were absent in 
plants on soils of Ml ingano lower slope. On both crest and lower 
slope soi l s of Kwamdulu catena, the sympto ms were observed in 
most pots irrespective of treat ments. Th i s observation indicates 
that fertilizer treatments at the applied r ate was not sufficient 
to overco me phosphate deficiency. 

The effect of fertili z e r t reatments on plant height is 
indicated in Table 4. 

At early stage of growth, fertilizer effect on plant 
height was insignif icant in all of the four soils. As plants grew 
the effect of phosphate on both Kwamdulu crest and lower sl o pe 
soils became evident. Plants in P- treated soils grew throughout 
the experimental period. On soils without phosphate treatment, 
plants showed a stunted growth in a period between the age of 3 
and 5 weeks. After this period plants resumed growth but at 
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s igniii c antly l ower r 3te t han those in P- t r eat e d soils 
see Figure 1 & 2 ) . 

TABLE 4A: TREATMENT EFF ECT ON PLANT HEI GHT ON MLINGANO CREST 

TREATMENTS <De y s a f te r germinetion) 
N p K 1 2 19 3 1 36 5 2 

mg/Po t c m 
0 0 0 40 59 84 105 254 

10 0 0 0 43 60 8 8 104 249 
0 40 0 44 6 1 92 108 256 
0 0 40 40 58 88 109 243 

100 40 0 46 64 93 105 263 
100 0 40 44 60 88 103 259 

0 40 40 47 67 96 107 250 
100 40 40 49 69 98 112 265 

ex 4. 10 3.73 3.37 3.41 9 . 43 
cv 8 .2 8.6 6. 1 4. 1 5.3 

n 2 2 2 2 2 

TABLE 48: TREATMENT EFFECT ON PLANT HEIGHT ON 
11LINGANO LO\llER SLOPE 

TREATMENTS <Deys efter germination> 
N p K 12 19 31 36 52 
___ mg/pot __ cm 
0 0 0 49 70 106 120 2 69 

100 0 0 43 62 98 113 257 
0 40 0 44 68 104 116 268 
0 0 40 47 67 100 112 251 

100 40 0 45 66 98 111 250 
100 0 40 43 61 98 110 255 

0 40 40 46 66 101 113 250 
100 40 40 49 7 1 104 115 271 

BX 2. 17 3.09 4.46 5.01 7.30 
cv 6.7 7 . l 4.6 4.5 4.0 

n 2 2 2 2 2 
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TABLE 4C: TREATMENT EFFECT ON PLANT HEIGHT ON KWAMDULU CREST SOIL 

TREATMENTS (daya after germinationl 
N P K Lime 12 19 31 35 52 

0 
100 

0 
0 

100 
100 

0 
100 

0 
100 

0 
0 

100 
100 

0 
100 

mg/Pot 
0 0 
0 0 

40 0 
0 40 

40 0 
0 40 

40 
40 

0 
0 

4 0 
0 

40 
0 

40 
40 

40 
40 

0 
0 
0 

4 0 
0 

4 0 
40 
40 

0 
0 
0 
0 
0 
0 
0 
0 

4400 
4400 
4 400 
4400 
4400 
4400 
4400 
4400 

43 
41 
47 
39 
43 
45 
41 
42 
44 
44 
4 3 
4 5 
48 
43 
45 
44 

cm 
54 57 
57 52 
55 80 
55 50 
59 7 0 
59 53 
58 
59 
53 
5 0 
50 
5 3 
55 
57 
52 
57 

55 
73 
7 0 
54 
85 
57 
88 
53 
81 
84 

58 
54 
89 
51 
77 
54 
74 
8 2 
7 4 
59 
92 
71 

101 
59 
88 
94 

144 
158 
215 
145 
2 05 
143 
193 
2 01 
177 
171 
2 1 4 
175 
2 35 
179 
202 
217 

TABLE 40: TREATMENT EFFECT ON PLANT HEIGHT ON 
KWAMDULU LOWER SLOPE 

N 

0 
100 

0 
0 

100 
100 

0 
100 

0 
100 

0 
0 

100 
100 

0 
100 

TREATMENTS 
p K Lime 

___ mg /Po t __ _ 
0 0 0 
0 0 0 

40 0 0 
0 4 0 0 

40 0 0 
0 40 0 

40 
4 0 

0 
0 

40 
0 

40 
0 

4 0 
40 

40 
4 0 

0 
0 
0 

4 0 
0 

40 
40 
40 

0 
0 

2400 
2400 
2400 
240 0 
2400 
2400 
2400 
24 0 0 

(daya after germinationl 
12 19 31 35 52 

43 
43 
45 
45 
48 
42 
47 
43 
50 
45 
43 
45 
44 
48 
45 
45 

57 
54 
51 
50 
52 
52 
55 
52 
54 
50 
50 
50 
57 
59 
52 
52 

55 
52 
8 7 
55 
91 
58 
90 
91 
74 
57 
87 
58 
89 
57 
85 
84 

149 
134 
213 
150 
215 
135 
215 
221 
155 
139 
2 30 
149 
224 
150 
228 
2 0 8 

ex 2 . 32 2.23 2.95 2 . 83 5.95 
CV 7.2 5,8 11.8 15. 5 4.5 

n 2 2 2 2 2 
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Fig.1 KWAMDULU CREST 
P effect on plant growth 
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Fig.2: KWAMDULU SLOPE 
P effect on plant growth 
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Unlike Kwamdulu soils, in Mlingano soils no stunted 
growth was observed. On crest soils, plant growth in pots without 
P treatment was lagging behind those in P-treated pots. 
Nevertheless, the difference was significant only for the first 4 
weeks <Figure 3 ) . 

Fig. 3: MLINGANO CREST 
P effect on plant growth 
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There was no significant Ji f ierence in plant growth 
between P- treated and non treated Mlingano lower slope soils. A 
slight ~egative NK interac~ion on plant growth was observed in 
bath Kwamdulu and Mlingano lower slope soils. 

4.7 Effect of lime on plant growth: 

Lime etfect on plant 
crest soils 1F1gure ~>. 

On ~ wamciulu lower 
significant. Figure j snows 

growT_ri was 

slope 30 1 1 3 

a ne qative 

15 

significant on Kwamdulu 

lime effect was not 
lime - P interaction o n 



these soils. This implies that application of P with no lime was 
sufficient. 

Fig.4: KWAMDULU CREST 
Lime effect on plant growth 
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Fig. 5: KWAMDULU SLOPE 
Effect of P and lime on plant growth 
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TABLE 5: FERTILIZER EFFECT ON FRESH AND DRY MATTER YIELD 
ON HLINGANO SOILS 

TREATHENTS CREST LOW ER SLOPE: 
N p K Freeh vt. Dry vt. Freeh vt. Dry vt. ___ mg/pot ___ /pot 
0 0 0 148.6 11. l 173 14.4 

100 0 0 143.4 10. 2 189 13.2 
0 40 0 155.2 12.4 171. 9 15.4 
0 0 40 129 . 6 10.3 167 14.4 

100 40 0 156.5 1 2 181. 2 15.2 
100 0 40 130 9.4 183.2 14.6 

0 40 40 158.4 13.2 173.2 15.4 
100 40 40 133.4 13.1 2 11. 6 14.3 

ex 10.27 1. 07 12.3 1. 04 
C V 9.8 13.2 9.7 10.0 

n 2 2 2 2 

4.3 The 
yield: 

effect of N, P and K fertilizers on fresh and dry matter 

l1lingano 
Fertilizer effect on fresh and dry matter yield is 

indicated in Table 5 . 
The effect of fertilizers on lower slope soils was a 

slight increase in fresh weight of the erop. The increase due to 
nitrogen application was significant at 10 ï. level while that of 
phosphate and potassium was not significant. The fertilizer 
effect on dry matter yield was not significant. 

On crest soils the fresh weight as well as dry matter 
yield were significantly increased by phosphate appiication. The 
effect of nitrogen and potassium on crest soil was ~nsignificant. 
The application of nitrogen,potassium or a co~bination of the two 
without phospate application tended to decrease fresh and dry 
matter yield. This observation shows that the two nutrients are 
not limiting at the present level of nutrients ~n these soils. 
The soil data in Table 1 also are in agreement with this 
observation. Unless the main limiting factor is corrected, no 
efficient utilization of other nutrients is expected. Instead 
addition of these nutrients into the soil will increase the erop 
demand of the most limiting nutrient. 

Kwamdulu 
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Fertilizer effect on fresh and dry matter yield 
in ;'able 5. 

TAB LE 6: TREATHENT EFFECT ON FRESH AND DRY MATTER YIELD 
ON KWAl'IDULU SOILS 

TREATHENTS CREST LOW ER SLOPE 
N p K Lime Fresh Dry vt. Fresh Dry vt. 

mg/pot / pot 

0 0 0 0 33.3 3. l 2 5.8 2. 9 
100 0 0 0 33. 2 2.5 26.4 2 .6 

0 40 0 0 62 .5 6 78.6 7 . 6 
0 0 40 0 2 7. 2 2 .4 30 . 2 3 

100 40 0 0 54.4 5 .2 87.5 7 .7 
100 0 40 0 27 . 4 2. 5 2 3. 7 2.4 

0 4 0 4 0 0 57.6 5.2 81. 2 7.8 
100 4 0 4 0 0 6 5 6. 3 102.8 8 .4 

0 0 0 L 43.6 3.2 33.4 3.6 
100 0 0 L 43 3.8 25.8 2.7 

0 40 0 L 76.l 7.2 87.4 7.8 
0 0 40 L 44.7 4.2 30. l 3.2 

100 40 0 L 92.4 8.8 90 8 
100 0 40 L 43.2 3.4 33.8 3.2 

0 40 40 L 70.6 7.4 88.4 7.4 
100 40 40 L 85.6 8.2 77.7 6.8 

ax 4.94 0.57 5.24 0.3 
CV 13. l 16.4 12.8 7.9 

n 2 2 2 2 

is shown 

~ertilizer application on bath crest and lower slope 
soils increased the fresh and dry matter yield. The increase due 
to phosphate application was signi±icant whereas that of nitrogen 
and potassium was not significant. The increase due to phosphate 
was higher than that in Mlingano crest soil.Thia was expected 
since available P in Kwamdulu soils was much lower than that in 
bath Mlingano soils. Like on Mlingano crest, the applicatio n of 
nitrogen, potassiu m or their c om bi n atio n witho u t p h osphate had a 
t~ndency to decrease yield on bath Kwa mdulu crest and lower 
slope. ~ike in Mlingano crest P appeared to be the most li miting 
nutrient. 
4.9 The effect of lime on fresh and dry matter yield: 

Lime effect on Kwamdulu lower slope was not significant. 
Yet the interaction between lime and NP or NPK was siginificant 
at 10 percent level < Table 5). On Kwa md u lu crest soils a 
significant increase in fresh and dry matter yield was obtained 
fro m lime treatment. This positive effect of lime on crest 3oils 
could be due to the impro~ement of the calcium status of the 
s o i l . I mprove ment of phosphate availability by precipit~tion of 
aluminium which otherwise fixes this nutrient is another 
ex p lanation. The differences in 1esponse to li me between Kwamdulu 
crest and l ower slope is e xplained by the dif f e rences in 
exchangeable c alcium, ·~ xchangeable aluminium and ma ngane s e 
content <Taole l l in t he se a oil s .Th e ldck o f yield 1es po ns e t o 
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lime on Kwamdulu lower 
phosphate by lime or a 
initially in these soils 

slope could be due to precipitation of 
little amount of exchangeable aluminium 

< Table 1 >. 

TABLE 7 A: TREATMENT EFFECT ON NUTRIENT UPTAKE BY MAI ZE 
ON MLI NGANO CRE ST S OI L 

TREATMENTS UPTAKE 

N p K N p K Ca Mg Mn Fe 
mg/Pot 

0 0 0 377 22 628 250 40 0.72 1. 4 
100 0 0 299 17 595 166 42 0.52 0.8 

0 40 0 275 25 642 228 40 0.54 1. 9 
0 0 40 289 21 595 205 42 0.6 0.5 

100 40 0 349 23 698 285 49 0.75 l 
100 0 40 282 17 553 242 43 0.57 0.9 

0 40 40 320 28 649 242 43 0.75 1. 3 
100 40 40 627 41 732 341 52 0.83 1. 7 

TABLE 7B : TREATHENT EFFECT ON NUTRIENT UPTAKE BY MAIZE 
ON MLINGANO LOW ER SLOPE SOIL 

TREATMENTS UPTAKE 
N p K N p K Ca Mg Mn Fe 

mg/Pot 

0 0 0 23 5 33 676 314 39 0.53 2. 1 
100 0 0 312 35 740 222 41 0 . 49 1. 3 

0 40 0 237 38 762 256 40 0.55 
0 0 40 2 53 35 828 433 39 0.46 

100 40 0 349 40 795 311 52 0 . ti 1. 5 
100 0 40 28 5 35 856 288 48 0.44 1. 2 

0 40 40 237 35 715 263 43 0.69 1. 3 
100 40 40 300 4 1 709 2 59 44 0.49 1. 7 

i ':i 



TABLE SA: TREATMENT EFFECT ON NUTRIENT UPTAKE BY MAIZE 
ON KWAMDULU CREST SOIL 

N 

0 
100 

0 
0 

100 
100 

0 
100 

0 
100 

0 
0 

100 
100 

0 
100 

TREATMENTS 
p K 

0 0 
0 0 

40 0 
0 4 0 

40 0 
0 40 

40 40 
4 0 4 0 

0 0 
0 0 

40 0 
0 40 

40 0 
0 40 

40 40 
40 40 

Lime 

0 
0 
0 
0 
0 
0 
0 
0 

4400 
4400 
4400 
4400 
4400 
4400 
4400 
4400 

N 

85 
59 

119 
6 4 

154 
7 0 

125 
155 

8 3 
107 
1 3 3 
105 
215 
101 
125 
188 

UPTAKE 
p K 
mg / Pot 

Ca 

5 111 113 
5 91 91 

11 135 2 18 
4 103 94 

12 124 193 
4 103 99 

11 151 180 
13 152 2 35 

5 100 151 
5 110 225 

11 137 250 
5 147 154 

15 139 337 
5 123 134 

10 155 210 
13 149 307 

Mg Mn 

15 3 . 3 
13 3 . 5 
30 5.3 
10 :::! . 8 
31 5 . 5 
ll 3. 9 
2 2 4.3 
30 7 . 5 
2 1 l. 2 
23 l.5 
3 7 2.5 
19 l. 4 
55 3. l 
17 l. 4 
22 l. 5 
49 3. l 

TABLE BB: TREATMENT EFFECT ON NUTRIENT UPTAKE BY MAIZE 
ON KWAMDULU LOWER SLOPE 

TREATMENTS 
N P K Li me 

0 
100 

0 
0 

100 
100 

0 
100 

0 
100 
100 

0 0 
0 0 

40 0 
0 40 

40 0 
0 40 

40 40 
40 40 

0 0 
40 0 
40 40 

0 
0 
0 
0 
0 
0 
0 
0 

2400 
24 00 
2400 

UPTAKE 
N p K Ca 

74 
78 

145 
75 

200 
74 

128 
175 

79 
199 
183 

mg / Po t 

3 138 1 0 5 
3 113 78 

11 405 151 
3 148 80 

12 409 140 
3 120 72 

10 398 155 
1 2 441 184 

4 198 1 45 
15 450 345 
12 351 228 

..:..:o 

Mg Mn 

12 0.9 
10 0.8 
19 l. 3 
10 1 
2 1 l. 5 
11 0.9 
20 1 .3 
25 l. 9 
13 0.8 
30 l. l 
25 l. 1 

Fe 

0.31 
0. 2 1 
0.7 

0 . 59 
0.44 
0.45 
0.68 
0.57 
0.32 
0. 3 8 
0.7 1 
0. 55 
0.81 
0. 2 8 
0. 54 
0.5 

Fe 

0 . 19 
0.25 
0.51 
0.25 
0.94 
0.44 
0.57 
0.71 
0.43 
0.8 
0.7 



4. 10 The effect of N, P and K fertilizers on nutrient uptake: 
The effect of fertilizer treatments on nutrient uptake is 

shown in Table 7 & 8 . 

Nitrogen fertilizer 

Mlingano lower slope 
Application of nitrogen showed a slight decrease in 

calcium uptake. Manganese uptake was not affected and the uptake 
of other nutrients was slightly increased. Less effect due to 
nitrogen application was expected, as the soils already had high 
amount of nitrogen and organic matter <Table 1 and 2 >. 

Mlingano c rest 
Nit r og e n t r eatment in the a bsence of phos phat e r esul ted 

in a slight upt a k e decrease of all nut r ients wi t h the ex c e p ti o n 
of magnesium whose uptake was al most u nc h anged. Th i s observat i on 
indicates that nitrogen is not the most limiting nutrient in 
these soils. Janssen et al (1989a> pointed out that plants can 
not utilize fully the nutrients supplied to it unless other 
factors are not limiting its growth . Therefore, application of 
nitrogen without correcting the maJor limiting nutrients created 
nutrient imbalance which in turn depressed nutrient uptake by 
plants. Nitrogen application together with phosphate fertilizer 
resulted in an increased uptake of all nutrients <Table 7). Yet 
the increase in nutrient uptake due to nitrogen treatment was 
generally low . Littl e nutrient uptake after nitrogen application 
can be explained by the soil data in Table 1 and nutrient rating 
in Table 2. High amount of organic matter in these soils supplied 
sufficient amount of nitrogen, hence additional nitrogen brought 
only a slight change in the nutrition of the plants. 

Kwamdulu lower slope 
Calcium uptake was slightly increased by nitrogen 

a pp licati on . The uptake of the other nutrients was almost 
unaffected by nitrogen treat ment. Very little effect of nitrog e n 
to nutrient uptake while the s o ils have only mod erate a mo u nt of 
organic matter was not expected. However, this could be explained 
by the observation that phosphate was stil l li miting in these 
soils even after the application of phosphate treatment <see 
section 3.6>. 

Kwamdulu crest 
Like for Mlingano crest,no benefit 

applying nitrogen alone. The main effect of 
increase nutrient uptake, potassiu m being 
Potassiu m u ptake was s l i gh tly reduced. 

Phosphate fe r tilizer 

Mlingano low e r s lope 

was obtained by 
nitrogen was to 
the exception. 

The a pplication oi phosphate had a slight increase in 
phosphate, n itrogen, magnesium and manganese uptake. Potassium 
uptake was i ncreased whil e calcium and iron uptake was almost not 



affected. The 
much limiting. 

result indicates that P in these soils is not very 

Mlingano crest 
A slight increase in P, potassium and iron uptake was 

observed when P was applied alone. The uptake of other nutrients 
was not affected. The slight increase of phosphate, potassium and 
iron by P treatment is explained by provision of the most 
limiting nutrient P. Addition of phosphate to the soil inc reas ed 
the amount of P available for plant uptake. This in turn impr o ved 
root growth hence enabled the plant roots to extract more 
nutrients from the soil. When phosphate was applied together with 
nitrogen and potassium fertilizers, t he uptake of all nutrients 
was increased substantially. This could be the result of combined 
effect of nutrient availability and the ability of roots to ca rne 
in contact with these nutrients. Nitrogen, potassium a nd 
phosphate application increased nutrient availabil i t y wh ile roo t 
contact was increased through improved root growth by phosphate. 

Kwamdulu lower slope 
The uptake of 

on these soils. Like 
nutrient uptake was 
potassium fertilizers . 

Kwamdulu crest 

all nutrients 
on Mlingano 
increased by 

was increased by P treatment 
crest, phosphate effect on 
application of nitrogen and 

Phosphate treatment increased the uptake of all 
nutrients. This observation reveals that phosphate is the most 
limiting nutrient in these soils. The observation is in agreement 
with the data on soil available P <Table 1 and 2 > and fertility 
assesment for maize <Table 3>. As already explained, the 
application of P fertilizer improved P status of the soils and 
the uptake of nutrients was increased accordingly . Like in 
Mlingano and Kwa mdulu crest soils, the effect of phosphate on 
nutrient uptake was increase by nitroge n and potassium. 
Never the less, the effect of phosphate fertilizer on nut rient 
uptake on these soils was less than the effect on soils of 
Kw a mdulu lower slope. The difference in available P between these 
two soils <Tables 1, 2 and J ) account for this observation. 

Potassium fertilizer 

Mlingano lower slope 
Potassi um treatment showed some increase in macronutrient 

up take . This co uld indi cate potassium to be among t h e limiting 
nutrients. However, soil data and potassiu m content in plants 
fro m unfertilized soil ITable J) indicate s u fficient potassium in 
these soils. 

Mlingano crest 
Potassium iertilization increased the uptake of P and 

slightly that of nitrogen, calciu m, magnesium and manganese. 
Potassium uptake and iron uptake was not affected. 



Kwamdulu lower slope 
On Kwamdulu lower slope, potassium application slightly 

increased the uptake of potassium, magnes i um, manganese and iron . 
The uptake of phosphate was not aff ected by potassium 
fertilization. A little depression in the uptake of nitrogen and 
calcium uptake by potassium fertilization was observed. 

Kwamdulu crest 
Potassium application improved the uptake of manganese, 

potassium and iron while the uptake of calcium, magnesium, 
phosphate and nitrogen was slightly depr essed. One reason f o r 
depression of these nutrients could be the competition betwee n 
these nutrients and potassium for adso r pt i on sites on the r oots. 
However, thi s is not in agreement wi th soil data in which 
potassi um is only 5 % of e xchang e able bases . Insuff i c i e n cy of 
p ho s pha te e v e n after f e r tili z at i on <section 3. 6> c ould be the 
r eas on f or the negative eff e ct of potassi um a ppl ica ti o n on the 
uptake of these nutrients. 

4. 11 The effect of lime on nutrient uptake: 

Kwamdulu crest 
The application of lime had no effect on nitrogen, 

phosphate, potassium or iron uptake but increased the uptake 01 
calcium and to a lesser extent that of magnesium. The uptake 01 
manganese was reduced. Lime was expected to increase phosphate 
availability by precipitating aluminium hence reducing P 1ixation 
<Mengel and Kirkby, 1987>. However this effect was not reveal~d 
on these soils. Possibly, there was not much P in the f~xed form 
<see Table l> or the amo u nt of lime applied was not enough to 
free the fixed phosphaLe. 

When lime was applied together with nitrogen, potassium 
and phosphate fertilizers, lime increased the uptake oi nitrogen, 
potassium, calcium and magnesium. The uptake of manganese was 
reduced to a greater extent (Table 8>. The increase in calcium 
uptake was expec t e d since more c a lci um was a d ded to the soils by 
lime. Liming raised the p H of t h e soils from 4.6 to S.ó. Normally 
so lubility of man g anese decreases as p H increaseslLindsay, 197:>. 
fherefore, liming decreased manganese solubility through its 
effect on pH hence reducing manganese available for plant upt3ke. 
Reduction of manganese was reported to be among the benefits of 
liming by Pierre et §....b_, 1957. 

A previous study done by Sims and Ellis 11983>, on the 
effect of liming an Ultisol indicated the amount of exchangeable 
magnesium and potassium to decrease with liming. This is due to 
the fact that calcium i~ns substitute these cations on the 
exchange sites. The exchanged cations are released i~to the aoil 
sol u tion where t he y ca n be taken u p b y plants or leached out of 
the root zone . This exchange phenomenon accounts for ~he increase 
in magnesium an d potassiu m uptake on limed soils of this 
experiment in which no leaching was allowed . 

L i me and f e rt ili z er a ppl ic a tion cre a tes favo u rab l e 
condit io n s of pH and nutrients f or mine ra l izati on of org a nic 
matter b y microorganisms. Minerali z atio n 01 o rgani c ~ atter c ould 
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explain the increase in nitrogen uptake 
where lime and fertilizers were combined. 

observed in treatments 

Kwamdulu lower slope 
Lime application in the absence of fertilizers had no 

effect on phosphate, nitrogen and manganese uptake but the uptake 
of calcium, potassium and iron was increased. The explanation for 
increase in magnesium and potassium uptake is as in Kwamdulu 
crest. The lack of effect on P uptake after liming could be due 
to low value of P in these soils. The soils contain 3.7ppm 
available P and about 2 3Y. P is s orbed. This indicates t hat only a 
small amount of P was made available by liming. Another reason 
could be the precipitation of P as calcium phosphate. 

When applied with fertilizers,lime increased the uptake 
of potass i um, c al c ium and magnesium . Also phosphate uptake was 
increased but to a s mall extent while the uptake of manganese was 
reduced. 

4 . 1 2 The effect of nutrient uptake on dry matter yield: 

Generally dry matter yield increased as 
except for Mlingano lower slope soils. However, 
matter increment appeared to depend on the 
treatment and the soils. 

P uptake 

uptake increased 
the amount of dry 

kind of nutrient, 

Figure shows the effect of P uptake on dry matter 
yield. 

A good cor~elation between P uptake and dry matter yield 
was observed in all soils with the exception of Mlingano lower 
slope soil. The correlation coefficient of individual soils 
appeared to follow the trend of soil available P. The 
coefficients were in the order of Kwamdulu lower slope 
<r=0.991 ; Kwa md u l u crest <r =0.971 Ml i n ga n o crest<r =0.831 and 
Ml ing ano lower slope <r =0 .29 1. 

Lime was observed to increase the 
Kwamdulu crest soils <Figure 7 1. 

slope oi the graph in 

This indicates that with lime more dry matter was 
obtained at a Jiven P uptake increment than in rio lime treatment. 
This was not the case in Kwamdulu lower slope soils. On Kwamdulu 
lower slope soils lime tended to decrease the slope of the graph, 
indicating that nigh P uptake was accompanied by a slight 
increase in d~y ~atter yield. 
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Fig. 6: PHOSPHATE 
yield vs phosphate uptake 
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K uptake 
The effect of K uptake on dry matter yield is indicated 

in Figure 8. 
Only Kwamdulu lower slope soils showed a good correlation 

between potassium uptake and dry matter yield <r =0.999l. Crest 
soils of Mlingano and Kwamdulu showed a good dry matter response 
to potassium uptake only a t a low level of uptake. Potassium and 
dry matter yield were no langer correlated at uptake above 640 
mg/pot on Mlingano crest soils. Likewise, poor correlation 
between potassium uptake and dry matter yield was observed on 
Kwamdulu crest soils when potassium uptake exceeded 130 mg/pot 
<Figure 8). This means that at these levels of uptake another 
factor other than potassium becomes limiting. In case of Kwamdulu 
crest this limiting factor seem to be P since the results 
indicate that the applied amount was not enough to correct the 
deficiency of this nutrient in these soils <section 3.6). Dry 
matter yield on Mlingano lower slope was not correlated with 
potassium uptake <r =O. 113> . 

Fig. 8A: POTASSIUM 
Dry matter yield vs K uptake 
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Fig.8b:KWAMDULU SLOPE 
Dry matter vs potassium uptake 
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<r=0. '356> . The observation snows that calcium is a mong the 
limiting nutrients. ·r hi s is i n agreement witn the nu trient rati ng 
in table ' Mlingano c rest soils showed a relat ivel y poor 
correl ation ( r =0. 676) whi le no correlation was observed o n 
Mlingano lo wer slope s oils. !t ~as o bserved t hat the correl a tion 
coeii icient between calci um uptoke a nd ory 
soil exchangeable calcium decreased. 
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Fig.9: KWAMDULU CREST 
Yield vs Calcium uptake 
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Mn uptake 
Manganese uptake on ~lingano soils was almost constant 

for all treatments. Generally ~he increase in dry matter yield on 
bath Mlingano soils appeared ~c be independent of an increase in 
manganese uptake. Same dry ~ atter increase due to a high 
manganese uptake was observed o n bot h Kwamdulu crest and lower 
slope soils. The response was niqher on !ower s lope ~ han on cres t 
soils. Kwamdulu crest soi l s 3nowed a positive r esponse in dry 



matter yield to manganese uptake and 
content in plant tissues. Howev e r, the 
matter yield of the four soils . 
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had the highest manganese 
soil gave the lowest dry 



5. DISCUSSION: 

In this discussion little attention will be given to the 
micronutrients. It is well known that the quantity of 
micronutrients present in most soils exceeds erop requirement. 
However, their availability can be a limiting factor. Their 
availability is affected by the soil pH an d organic matter. In 
this study it was observed that t he availability of 
micronutrients in the four soils was suificient <see Table 1, 2 
and 3). This observation complies with the concept that fine 
textured acid soils are rarely deficient in 
mic ron utrients,inst ead they can have micronutrient toxicity. In 
this study no ethe r indication of mi cronutrien t toxicity was 
observed apart from that of manganese on Kwamdulu crest soils. 
Therefore, much attention will be given to macronutrients. 

5. 1 Nutrient availability as related to soil chemical properties 
When soil c hemical propert i es and nutri e n t uptake fro m 

n o n- fertilized soils were compared, a strong relationship was 
obtaine d. Th e up t a ke of p h osphate wa s gr ea tely deter mined by th e 
values of P - Bray 1, O. C and pHCH 2 0l. The corr e lation coefficients 
were 0.93, 0 . 95 and 0 . 95 respectively. These three factors were 
h ighly correlated as well,the hig h est coe!!icient was obtained 
between p H and O.C. This observation indicat e s that soil pH and 
O.C values could be used interchangeably t o predict phosphate 
a v a1lab1l1ty to crops in these soils. The impor ta n ce o ! pH an d 
O.C i n p red ic tion of p ho s ph a t e s upply by t h e so~ l was a l so 
observed in Kenya b y ~ielemaker and Boxem 11~ 8~ 1 d nd t hat of O. C 
in Uganda by Foster <198 1 ) . 

S oil pH a n d ü . C was also observea to b e important in 
nit r ogen uptake . Never th e less, th e correlation c oeffi c i ents 
between these parameters and nitrogen uptake a re D . b ~ and 0 . 8 8 
respectively. These c o efficients are lowe r than t he s e o bt a ined 
f or phosphate uptake. Besid e s, a high coe111 c i e n t i s o bt a ined 
with total N % values <r =0 .99) . The uptake o f p ot assi u m i s 
related to pH <r=0.39 >, U. C Cr=0.95 > and exchangeable K 1 r=0. 3~l . 

The amount of bases in the s oils and their uptake were according 
to expectation. They were highly determined by the s oi l pH, the 
correlation coefficients being 0.98 and 0.96 respectively. 

From the preced in g sections it was o b s er v ed t hat 
phosphate is the most limiting nutrient in the s tudied s oils 
excluding that fro m Mlingano lower slope. Furthermore, it w~s 
observed that the uptake 01 all nutrients as well as t hei r 
e!ficient utilization in p la nts was greatly det er rni ned b y 
phosphate availability. Henc e , t he factors which a!! e ct t he 
availability of phosphate to p la nts could give a cl u e on the 
iertility status of a soil. For nitrogen, it was observed t h a t 
its availability was explained better by total N % values. ~h e s e 

o bservation i ndicate that O.C, pH and total N % can ~ e u sed 
e!ficient!y fo r fertility predi c tion. 

j.~ The influence 
fertilizers: 

of soil properties on 

J O 

erop response to 



The results were according to expectation. The drymatter 
response to fertilization increased as the soil became 
nutritionaly poorer . In this trial only phosphate fertilizatio n 
appeared to have a significant effect on drymatter yield . The 
influence of soil properties on erop response to fertilizers waa 
evaluted based on the percentage increase in drymatter. The 
relationship between drymatter response to phosphate and the 
selected soil properties is shown in Figure 10. 

The drymatter response to phosphate fertilization was 
well related to soil pH, O. C and total N % also toa lesser 
extent to P-Bray 1. This observation is similar to that in the 
previous section on phosphate uptake.Hence phosphate uptake could 
be used efficiently to predict drymatter yield. From section 4 . l 
and this section, it was observed that Organic matter had a 
streng effect on erop response to fertilizer phosphate. The 
results emphasize the importance of organic matter in these 
highly weathered soils. In addition to its large contribution to 
plant nutrition, organic matter positively in f luences the so i l 
e nv ironment t h r ou g h i t s effects on biological activity, water 
retention, buffering capacity , contrib u tion t o t h e CEC and soil 
structure , all of which are important for plant growth . 

Fig.10a: pH 
Response to P vs pH 
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Fig.10b: ORGANIC CARBON 
Response to P vs O.C 
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Fig.10c: AVAILABLE P 
Response to P vs Av. P 
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Fig.10d: TOTAL N 
Response to P vs total N 
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5.~ Comparison of nutrient uptake with the calculated potential 
supply: 

It ~as observed that the soil parameters found to be t he 
main determinant of macronutrients supply and erop response in 
this tri al ~ere comparable to these used in the QUEFTS method 1or 
yield estimation Janssen et al., 198ga ' · Since in bath cases 
these parameters were obtained as t h e properties of t he top soil, 
an attempt ~as d one to test whether QUEF TS method ca n be applied 
to these =:oi~s. C:omparison of 
potential =:upply calculated irom 
exchangeabl2 K ~sing QUEFTS method 

.J :J 

t he n utrient uptake and the 
.3011 0 . '..:; , 
·..1as done 

pH, available :~ ana 

Figure 11 J . 



Fig.11a: N UPTAKE 
Measured vs calculated values 
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Fig.11b: P UPTAKE 
Measured vs calculated values 

Calcu lated P supply (Kg/ ha) 
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Fig.11c: K UPTAKE 
Measured vs calculated values 
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The highest uptake value from any treatment in which the nutrient 
under consideration was not applied was used in drawing Figure 
ll. In section 3.4 it was observed that the calculated potential 
supply values by QUEFTS method underestimated the actual nutrient 
supplying power oI these soils. The reason was attributed to the 
difference in root intensity between pot and field conditions. 
However, Figure 11 shows that there is a certain relationship 
between the observed ma/: imum uptake and calculated potentia l 
supply. A similar relationship was observed for nitrog e n and 
phosphate. ·rhe ratio of l kg/ha potential s upply and 3 mg / pot 
maximum uptake was observ e d tor these two nutrients. In each case 
Mlingano lo wer slope s oil seemed to deviate fro m this 
relationship. With potas s ium, it was observed that such a 
re lationshi p co uld be obtained on Kwamdulu lower slope soil. 
Otherwise, %or the rest 01 the soi ls the ratio between calculated 
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potential supply and actual uptake was very low 
<1 kg/ha to 6 mg/pot) indicating that the calculated value was 
toa low to explain the actual uptake in these soils. In addition 
to uptake comparison, the yield obtained (by NSS, 1989) from the 
field <table 9) was compared with the calculated yield by QUEFTS. 

TABLE 9 : YIELD <Kg/h e l FROM NON - FERTILIZED PLOT OF MLINGANO CATEHA 
AND THE CALCULATED YIELD BY QUEFTS METHOD 

Meen yield in years vith 
goed rainf ell diatribution 
Higheat yield of 7 yeers 
Heen of 7 yeers 
yield in 7th year 
calculated yield 

Highest value of 
fertilized plots 

Crest 

1050 
1110 
615 
620 
4315 

2170 

Lower alope 

5225 
5780 
3400 
2720 
4799 

4225 

Source: Soil fertility report F5 ( NSS 1989 l celculeted yield being 
the eKception. 

5.4 Calculated yield as compared to the actual yield: 

Table 9 shows the yield f r om Mlingano catena and the 
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calculated yield by QUEFTS. Unlike in the pots where QUEFTS 
method underestimated the actual nutrient supplying power of the 
soil, in the field, yield calculated by QUEFTS was far higher 
than the actual yield obtained from Mlingano crest. It even 
exceeded the highest mean value of the fertilized plots. Since 
this field is under standard management practices, the only 
external factor which could limit yield is the climate, 
especially the amount of rain and its distribution during the 
growing season . However, even when considering the yield obtained 
during the years with good rainfall distribution, still the 
actual yield was lower . In case of the Mlingano lower s lope, the 
c al c ul a ted y i eld value was close to the actual yield particularl y 
for t he yields obta i n e d in the y e ars with good rai n f a l l 
d istri b u t i o n. Th e d ifference b e tween the two so i l s can be 
ex pla i ned by th e wa y i n wh ich nut r ien t s a r e distributed i n the 
p r o fi l e of these s o ils. In Ml i ng a no crest s o i l , t h e fair ly 
fertile topsoil is o verl y ing a nutritionall y poo r s u bsoil. 
Wherea s i n Ml i ngano low e r s lope , t he fer t i l it y d ecreases 
progressively down the profile <see appendix 2). In the other 
words, the topsoil chemical properties and subsoil properties are 
more interrelated in Mlingano lower slope than in Mlingano crest 
soils. The observation is comparable to that of Wielemaker and 
Boxem <1982) on Kisii area, in which rating of soil fertility 
based on top soil properties was only adequate for soil developed 
from underlying rock and whose topsoil and subsoil were 
interrelated. 

The profiles of bath Kwamdulu crest and lower slope show 
not much difference between the topsoil fertility and that in 
subsoil. It might be expected that the topsoil properties could 
adequatelly be used to predict the productivity of these soil. 
However, the lack of maize yield data from this soil is a setback 
in the testing of this supposition. Furthermore, inadequacy in 
field-yield data made it impossible to make any quantified 
evaluation. 

5.5 erop response 
obtained in field. 

to fertilizers in pots as compared to that 

Crop response to fertilizers in pots and in field were 
similar in that bath cases a higher response was observed in the 
crest soils. This was expected since Mlingano crest soils are 
nutritionally poorer than those on the lower slope <see appendix 
2>. Yet, the nature of the response between field and pot trials 
was quite different. In pots nitrogen fertilization was not 
significant. Crop response to nitrogen in the field was 
pronounced, the highest being on the crest soil which amounted up 
to 182 percent. 
The response on the lower slope was only 15 percent 
<NSS report 1989 ) . This difference co u ld be attributed to the 
efficiency with which the nitrogen is used in each case. In pots 
conditions like moisture, temperature and nutrients are more 
conducive to microbial activities than in the i ield. Hence the 
r ate of o r ganic matter miner a l izat i on i n pot s c an be higher t h a n 
in the field and in turn p r ovide mo re n itrog e n to t he erop . 
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Furthermore, the condition of no leaching in this pot prevented 
losses of soil nitrogen through leaching. Such response can be 
expected under the field conditions when the soil has adequate 
organic matter content, other nutrients not limiting and when 
extensive leaching does not occur. An example of such conditions 
is the one observed on maize by Nguyen van Nguu<l987> on an 
Ul tisol. 

The report that in Mlingano field a high response due to 
nitrogen occured at low application <NSS 1989), could indicate 
that nitrogen fertilization is just enough to co mpen sate for 
leaching losses. 

The apparent nitrogen recovery in this trial was 74 and 
71 percent for Mlingano crest and lower slope respectively. These 
values are higher than 30- 50 percent, which are the generall y 
reported values for practical far ming . The reason is t h e lack of 
nitrogen losses through leaching in this pot trial. A si milar 
recovery value <70ï.> was reported by Jones (1973) on maize under 
no leaching condition when nitrogen was applied before sowing. 
Such high recovery values indicate low nitrogen supply by the 
soils <Janssen et al 1989 al . From the nitrogen recovery values 
obtained in this trial, it might be deduced that the nitrogen 
fertilization improved nitrogen nutrition status of the erop. 
Nevertheless, this improvement in nitrogen uptake was not 
reflected i n the dry matter production, thus indicating that 
nitrogen taken up by the plant was not efficiently metabolized. 
The observation is in agreement with the conclusion made by 
Kayode and Ogboola (1985> that high nutrient levels do not 
necessarily result in high yield. Insuificient nitrogen 
metabolization in plants occurs under the condition oi water 
stress (Box man at al. 1985; Nnoham and Odurukwe, 1 '387 > or 
inadequency of phosphate or potassium (Mengely and Kirkby, 1987>. 
In this pot trial optimum amount of water and nutrients were 
provided, it is difficult to explain why the improvement in 
nitrogen uptake was not accompanied by an increase in dry matter 
yield. One might suspect that the applied levels of phosphate and 
potassium were not adequate for sufficient nitrogen utilization 
by the erop. But this is contradicted by the the field 
observation in which response to nitrogen was observed while 
phosphate and potassium seemed to have only little effect on 
yield <NSS, 1989>. 

Crop response to phosphate application between pot and 
field trial was comparable only for the lower slope in which no 
response was observed. On the crest the response to phosphate was 
different. In pots the effect due to phosphate fertilization was 
significant, amounting to 24 ï. yield increase as compared to no-P 
treatiments. In the field Phosphate effect was not significant. 
As already mentioned, the root density in pots is higher then 
that in field. In addi tion to the complete depletion, phosphate 
availability is increased by the rhizosphere effect. In pots a 
large proportion of the soil vol um e is influenced by the 
rhizospere. The influence of r hizosphere on phosphate 
availabili ty has been r eported by several authors (8arber an d 
Martin, 1976 ; Brewster et al, 1976; Nye, 1'377; Moghimi et .:ll, 1 978) . 
Phosphate recovery value 01 2 6 ï. was obtained i n pots. This value 
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is within the phosphate 
tropical soils by Baligar 

The lack of erop 
Mlingano crest field was 
mineralization of organic 
soil ( NSS, 1989 >. 

recovery range of 10 -30 % reported for 
and Bennet <1986>. 
response to 

thought to 
matter or 

phosphate fertilization on 
be phosphate supply through 
phosphate fixation by the 

The results of this pot trial gave the indication that 
mineralization of organic phosphate can not fully explain the 
lack of response to phosphate in t he f ield. Since only the 
topsoil was used in pot trial, it might be expected that the 
influence of organic matter on phosphate availability should be 
higher in pots than in the field. This means that no response to 
phosphate could be expected in pots. However, this was not the 
case. One might think that the length of growing period in pots 
was too short to al low considerable organic phosphate 
minerali zation as compared to that in field. The highest 
phosphate requirement of a erop is in the earl y growth stage 
<Mengel and Kirkby 1987>. Hence the difference in period during 
which the soil i s under a erop will have l ittle effect in this 
aspect. The lack of response to phosphate in the field might be 
attributed to phosphate fixation. However, the extent of 
phosphate sorption in the topsoil was not high enough to make all 
of the phosphate fertilizer unavailable <see Table 1). Possibly, 
in the field most of phosphate is fixed in the subsoil, which is 
more acid than topsoil (see Appendix 2 >. 

The response to potassium in both pots and field was not 
significant. These results are co mparable to that observed by 
Motonya <1980> on Kenyan red and brown sandy clay soils. The 
reason for the lack of response to potassium on Mlingano soils is 
the high amount of this nutrient in these soils 1·rables 1 and 2>. 
The observation confer with those obtained by Van Keulen and Van 
Heemst (1982>; Baligar and Bennett <1986> that most tropical 
soils have a sufficient potassium supplying capacity. The nature 
of the test erop also plays a role. Cereals are well known for 
their low response to potassium <Schö n et al , 1'376 ; Baligar and 
Bennett, 1986> . 

Generally, it was observed that respo n se to fertilizers in 
pots was comparable to that of the field only for Mlingano lower 
slope. For Mlingano crest the responses were di1ferent, re vealing 
that the subsoil of this soil has a pronounced effect on the 
response of t he erop to fertilizers , particularly phosphate. 

The comparison of erop response to fertilizers between 
pots and field trial was done using grain yield f rom field and 
dry matter yield fro m the pots. This was done on the assu mpt ion 
that dry matter yie ld and grain yield are well correlated. The 
availability oi yield data from the field was limited. Only 
mean s fro m the main effect of nitrogen were availab le . Por ~his 

reason it was difficult to mak e any quantified comparison of 
respo n se in pots and t hat in the f ield. 

5 . b The influence of the location in 
properties and response to fertilizers. 

the landscape on soil 

The data cin soil properties show that the crest s oils 
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have lesser bases than the lower slopes and thus are more acidic. 
This was according to expectation. Crest soils are remnants of a 
farmer erosion surface of considerable age and are very deeply 
weathered. On the other hand, lower slope soils, due to their 
position in the landscape, are less weathered as they have been 
enriched with bases and other materials from the upper slopes. 

On Mlingano catena, organic matter, available phosphate 
and CEC are higher in lower slope soils than in crest soils. The 
reason for this observation is the difference in weathering 
intensity between crest and lower slope soils. The nutrients and 
pH of the lower slope soils favour vegetation growth which intu r n 
add more organic matter in thes e soils . 

On Kw a mdulu c atena the si tuation i s dif f erent. Organic 
matter, available phosphate and CEC are higher on the crest, 
indicating t hat on th i s catena o rgan ic matter decomposition i s 
higher on the lowe r s lope than o n c r es t s oils . It i s difficult to 
explain this trend. The explanat i on could be the effect o f 
exchangeable aluminium and low pH of the crest soils on the 
mic roorganis ms. High aluminium content and low pH slow down the 
activity of microorganisms which are responsible for organic 
matter decomposition. But then one might expect the same trend on 
Mlingano catena where p H on the crest is lower than on lower 
slope soils. Moreover, each catena is under uniform management 
practices hence the variation in organic matter is not 
attributable to management practices. This observation could 
indicate that not necessarily soils on the lower slopes of 
catenas have higher organic matter content than the crests. 
Ho wever, the data are too few to reach a definite concl u sion. 
More catenas need to be evaluated. 

As already mentioned , only erop response to phosphate on 
the catenas was significant. It was observed that the response to 
phosphate was more related to soil organic matter than any other 
soil characteristic. This made the trend in response to 
phosphate fertilizer in the two soil catenas to be different. On 
Mlingano higher response was observed on the crest whereas higher 
res ponse o n Kwa mdulu was obta i ned !rom t h e lo we r s lope soi l s . 

F ro m t h e previo u s sections it was o b serv e d that no 
si gn if i cant r e s ponse to ei t h er ni troge n or potassi um wa s obt a ine d 
i n t h i s po t t r ial. Further observation s ho wed t h at althoug h the 
dry matter yield in N- treatments were slightly lover than in 
n o- N t rea tments o n ba t h caten as , the res p onse on crest s o ils was 
s l igh t ly better t h a n o n lo wer slopes. T h e dry matter y ie l d fro m 
nitrogen treated Ml inga no crest so i ls was lower t h an t h at i n no
N by t h e a mount equivale n t to 5.2 % absolute control yield, while 
t h a~ on t h e lo wer s l ope was lower by 5 . 6% . Likewise, yield fro m 
nitrogen treated Kwamdulu crest was lower than that in no-N 
treatments b y 1.Sï. and t h at on the lower slope was 1.7 ï. absolute 
con t rol yie ld , lo wer t h a n t h at :.n no-N treatrnents. The 
difference in respo n se 
is s mall. However, i t 

res p onse tre n d in 

to n itrog e n between crest a n d lo wer 3lope 
gives a clue on ~h e ex pected nitrogen 

the f i e l d. In field conditio n wh ere a 
considerable am o unt of soil ni tr ogen is l ost th r ough l each ing , 
the higher response to nitrogen and l a rger d ifferenc e in r esponse 
between c r est and lo wer slope soils can be e xpe c ted. 
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Like for phosphate, response to potassium did not depend 
on the location of the soils on the catenas.The response was 
almost the same within the catena. On Mlingano catena the yield 
from potass1um treated crest soils was higher than that in no-K 
treatment by 0.7% absolute control yield, while on the lower 
slope was lower by 0.9%. The response on Kwamdulu soils was a 
little higher than that on Mlingano catena soils. The yield from 
potassium treated crest soils was lower than that from no-K 
treatments by 3.3% absolute control yield while on the lo wer 
slope was higher by 6.9%. This observation indicates the 
possibility of obtaining a response to potassium in the field of 
Kwamdulu lower slope. 

The res ult s showed phosphate to be the most limiting 
nutrient on the st udied soils, Mlingano lower slope being the 
exception. Fur thermore, it was observed that the limitation due 
to phosphat e was more pronounced in soils of Kwamdulu than 
Mlingano . It wa s also o bserved that the applied amount of 
phosphate iertilizer on Kwamdulu soils was not enough to correct 
P-deficiency <see section 3.6). Since the uptake and utilization 
of other nutrients are determined by the supply of a deficient 
nutrient, insuiicient supply of phosphate in bath of Kwamaulu 
soils could account for the lack of response to nitrogen and 
potassium in these soils. Besides phosphate, calcium was observed 
to be a limiting nutrient on Kwamdulu crest soils. On the lower 
slope, potassi u m was identif ied as a next limiting nutrient. This 
assessment was deduced from the yield-uptake relationship 
<Figures 8 and 3>. A linear relationship between yield and the 
uptake of these r1utrients was obtained. According to Van Keulen 
and Van Heemst i l9B21, this kind 0f relat1onsh1p is an indication 
o.i lim1tat1or1 of these nutrients. In sections 3.13 ei nd :3. i 1i .::._t 
was observed that lime had not much effect on phosphate upta~e on 
Kwamdulu crest soi~s but increased the efficiency of phosphate 
ut1lizat1on by a erop. Calcium li1n1tation could explc:.in better a 
high dry matter response to lime on these soils than the 
improvement in phosphate availability ny lime. 

In 3ection 3 . 12 it was observed that potassium 
fertilization had a tendency to depress calcium and magnesium 
uptake on Kwamdulu crest soils. This could account tor the lacK 
of response to potassium on these soil3. On Kwa md ulu lower slope, 
the response to potassium was very little and not 3igni11cant. 
This is contradicting the observation that potassium is limiting 
in t hese soils. Poss ibly, a good response t.o potassiur~ could be 
obtained if higher amount of phcsphate ~han that used in this 
trial was applied. 
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6.CONCLUSION 

From the preceding sectons it was observed that the dry 
matter yield trend was in line with the chemical properties of 
the topsoil. The drymatter yield and the response to fertilizers 
in pots followed the same trend as reported from the field 
experi ments by NSS. Also the yield predicted by the QUEFTS method 
using chemical characteristics of the topsoil followed the same 
trend as that reported from the field. However, the predicted 
yield from the topsoil exceeded the yield obtained from the field 
on Mlingano crest. On Mlingano lower slope where the properties 
of the topsoil and subso1l were not much different, a better 
prediction of yield and fertilize r r esponse using topsoil was 
obtained. The fertility and response to fertilizers on the 
studied catenas was not influenced by t he position in the 
landscape. 

The results of this study can not lead to a so und 
conclusion since the data on yield from field experiments and 
number of catenas are not sufficient. However this study showed 
an indication of the following; 

Fertil ity of these soils are highly determined by soil 
organic matter, pH, N X, available P and to the lesser extent 
exchangeable K. 

The availability of nutrients to the erop on these soils 
is ~ontro lled by the availability of P which was determined to be 
the maJor limiting nutrient. 

Topsoil can be used effectively to predict yield and 
response to fertilizers only on soils whose chemical properties 
do not vary very much between the top and t he subsoil. 

Yield and erop response to fertilizers are determined 
better by the soil properties than b y the location on the 
landscape. 

No response to K fertilization on rnaize can be obtained 
at the present fertility status of these acils and at the used 
rates of P. 

More investigations 
used are reco mmend e d 

in which more catenas and 1ield data wi l l be 
to confirm the o bservations of this study. 



7.SUMMARY 

This experiment was set up to eval ute the fertility 
status of crests and lower slopes of the two catenas. The 
catenas, Mlingano and Kwamdulu are under the foot slope of the 
Usambara mountain, in Tanga region, Tanzania. The soils are 
derived from gneiss and they belang to t he Muheza series. The 
soils were classif ied according to FAO- UNESC O system as Rhodic 
Ferralsols on crests of both catenas and Chromic Luvisols and 
Haplic Acrisols on the lower slope of Mlingano and Kwamdulu 
respectivel y . Crest s oil s are redder a nd more acidic than the 
lower slope soils. 

A p o t trial was set up using top soils of the crests and 
the lower s lopes of these catenas. Maize was used as a t est er op. 
The aim of this trial was t o assess the effectiveness of using 
tops oil properties in f ertility evaluat i on, and also to assess 
the influence of position in the landscape on erop response to 
fertilizers. 

The ability of the soils to provide a test erop with 
nutrients together with the erop response to fertilizers on these 
soils were studied. Parameters used in the assessment included 
plant height , fresh and dry matter yields and nutrient uptake by 
the erop. The data obtained from the absolute control were used 
to assess the inherent fertili ty of the soils. In addi tion, they 
were used to assess the extent of erop response to 1ertilizers on 
the studied soils. 

Crest soils of bath catenas were more acid and hence had 
less bases than the lower slope soils. Mlingano crest ~oils were 
nutritionaly poorer than the lower slope soils. ~wamdul~ crest 
soils were poorer in bases and micronutrients but had higher 
amount of available P, organic matter and CEC than the lower 
slope soils. 

In the pot trial no difference in plant growth was 
observed at early g rowth stages. With time plants started to show 
some response to P . The response to P was higher on soi.ls of 
Kwamdulu catena than on that 01 Mlingano. The plant 9rowth on 
no-P treated Kwamdulu soils was very much retarded. On Mlingano 
catena, plant growth on lower slope soils was almost not afiected 
by fertilization while these on crest soils s howed a significant 
response to P. Plants on no-P treated crest soila nad a lower 
growth rate than these on P treated soils. At the l3ter stages of 
growth the growth differences were red uced for all the soi.ls. 
Despite of the high response to P on Kwamdulu =atena soils , 
plants in both P- treated and in no-P treatments showed cymptoms 
of P deficiency. N and K effect on plant gro wth was not 
significant on 311 four soils. The lresh weight as wei~ as dry 
matter yield had a significant res pon se to P fertilization on all 
of the soils ezcept that on Mlingano lower slope 301ls. Dry 
matter y iel d was we 11 co r re.late d w i t h ? u pt a k e e >:cl ud in g t. ha t on 
Mlingano lower s lope 301ls. Phos pha te inc~eased the uptake o~ all 
of the nutrients st udied on all 01 t~e soi ls. The effect 01 ;~ and 
K on n utrient uptake was little. A a light tenden cy oI h 

1ertilization to depress the uptQk 0 G1 Mg and Ca was obse rv ed o n 
Kwamdulu ca tena s oil s . 



Among the soil chemica! properties, pH, O.C and% N were 
observed to be the major determinants of the fertility of the 
studied soils. In addition P -Br ay l and exchangeable K seemed to 
explain soil fertility but to a lesser ex tent. Nutrient supplying 
power of the soils estimated using these chemical properties was 
not equal to the actual supplying power in the pots, howeve r , 
bath followed the sa me trend. The yield estimated from the 
chemical properties increased down the slope, a trend similar to 
that reported from field trial. Yet this estimate greatly 
exceeded the actual yield on soils 01 Mlingano crest. 

Crop response to fertilizers in pots was comparable to 
that in the field as in bath cases mo r e response was obtained on 
the crest soils than on the lower slopes. Unlike in field, no 
significant response to N was observed in pots. While in pots a 
significant response to P was observed, no significant P effect 
was reported from the field. However, the response to P on 
Mlingano lower slope soils in pots as well as in field was not 
signi1ica n t. 

The organic matter content was observed to be the main 
determining factor of soil 1ertility and erop response to 
fertilizers. It was observed that lhe position of a soil in the 
landscape can be used effectively in preoicting the erop response 
to fertilizer only if the organic matter content increases down 
the slope. Otherwise, the location 01 a soil in the landscape on 
its own is not a goed indicator. 
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Appendix.1 

PROFILE DES CRIPTION 

Mlingano crest 

High catagory c lassification <FAO> 
Physiographic position: 

:Rhodic ferralsol 
Peneplai n 
Undulating Topograph of surroundings: 

Microtopograph: 
Slope g rade : 
Land use: 
Parent mate rial: 
Drainage: 
F'looding: 
Climate: 

None 
2 ï. 
Cultivation of maize 
Gneiss 
Well 
None 
Tropical 

Moisture condition in the soil Slightly moist in the 
subsoil 

Depth of the phreatic level: >200m 
Stoniness/rockness: None 
Crust formation: None 
Erosion sheet: None 

Horizon: Ap U-14cm 
Dark reddish brown <2.SYR 3/4ldry, dark ce~di~h brown 

<2.~YR 2.5/41moist; clay;hard dry; friable moist; sticky and 
plast ic ..., hen wet; 11101jera te medium gr anul ar and ~1oot:-1· at e .r i ne 
subangul ar blocky; 'Tla n y very fine, common fine po1· c·s; rr.a 11 y ver y 
fine and many .rine roo ts; gradual smooth boundar y to : 
Horison: BA 14-26cm 

Dark reddish brown ( 2 • 5 Y R 2 • 5 I 4 1 d r y , ·ja r k :· e d d i s h b r o w n 
C2.5YR 2.5141 moist; 2lay; 
plastic when wet; moderate 

hard dry, 1r1=1ol2 mci.=: L, ~tic1-~y and 
fine and medium 3Ubangular blocky; 

many fine 
to: 

pores; common very fine roots ; graduai smooth boundary 

Horison: Bwsl 26-56cm 
Dusky red lluYR 3141 

sticky and plastic when wet; 
blocky; common fine pores; 
boundary to: 

Mlingano lower slope 

moist; 
moderate 

few very 

clay; ·.;ery 
.rine angular 
fine roots; 

:r.riable moist, 
and .subangular 
gradual smooth 

Higher catagory classification: Chromic ~uvisols 
Lower slope 
Undurat i r.g 

Physiographic position: 
rcpography 01 surroundings: 
:11crotopograpr1y: 
'.3 lope gr ade: 
La nd Gse : 
P a r e r. t rn a t. •.? i i 3 l : 
Grainage: 

Mone 
8 ï. 
Maize, c ultivation 
Gneiss 
Wel ..i.. 



Flooding: 
Climate: 
Moisture condition i n s oil: 
Depth of phreatic level: 
Stonenness / rockn ess: 
Crust formation: 
Erosion sheet: 

Hor i son : APl 0 -l S cm 

None 
Tropical 
Dry 
>2 00crn 
None 
None 
None 

Da rk br own <7 .S YR 4/ 2 )d r y, dark br o wn (7.SYR 3 / 2 ) moi s t; 
sa nd y cl a y; slig ht l y hard dr y , fr i a b le moist , s tic k y an d plast i c 
wh e n wet; s t r o n g medium granu l a r , mode r ate medium s uba ng u l a r 
blocky; ma ny i ine ,m a ny medi um pores ; ma n y fi n e ,many me d iu m, few 
coar s e r oot s ; c lea r s mo o th bounda r y t o : 
Hori s on : AP 2 1~- 29c m 

Da r k br own <7 . S YR 4/ 2 ) dr y , d a rk bro wn (7.SYR J/~) moi st ; 
sandy c lay; h ar d dr y, f r iab l e moist , s ti ck y plasti c when wet ; 
moderate medium and coarse sub angular blocky; many very fine, 
many medium pores; many 1ine, few medium roots; clear smooth 
boundary to: 
Horison: 8tl 2 9-bOcm 

Dark red <2.SYR ~ /b) dry, dark reddish brown i= . S YR ~ /4) 

moist; clay; slightly hard dry, friable moist, sticky and plastic 
when wet; weak to moderate subangular blocky; tew medium pores; 
few very fine roots; gradual smooth boundary to: 
Horison: 8t2 60-lüOcm 

Red <2.SYR 4/61 dry, dark red 12.5Yk 3/6Jmoist; clay; 
slightly hard dry , friable moist, sticky and plastic when wet ; 
weak medium angular bloc~y breaking into moderate t~ne angular 
blocky; many line and very fine, few medium pores; 1ew very fine 
roots; braken thin clay cutans; iew medium weatteriGg rock; 
ditf u s e s moo t h bo undary to 
Horizon: 8 100-lSOcm 

Re d <2 . SYR 4/b Jdry, dark 
sli g ht l y h a r d dry , friable moist , 
we ak f ine angular bloc ky; many 
co a r se po r e s ; f ew v e ry fi ne r oots; 
few gravel 

Ka mdulu cr e st 

Higher c at a g or y clas s ifi c a t io n : 
Physiographic position: 
ropography of s u rroundings: 
Mic r oto pogr aphy: 
Slope gra d e: 
La nd u s e : 
Parent material: 
Dr ain a ge : 
F lood 1r1g: 
Climate: 
Moist u re co n di~ion : 

De pth of ph r e a t ic t a bl~ : 

S t o n i ness/r o c k n es s : 

..J. '::! 

re d <=.SYR ~/6Jmoist; clay; 
sticky and plastic when wet; 

f ine a nd rna ny very fine , te w 
partchy t hin c lay c utan s ; v e r y 

Rh o di c F e rrals o l3 
Peneplain on crest 
Rolling la:-1d 
No n e 
2 % 
Si s al c u l ti vat i on 
Gneiss 
Well d rain ed 
t~ one 

Tropi c al 
Mo i st 
>2 0Uc m 
Non e 



Crust formation: 
Erosion: 

Horizon: Apl 0-lücm 

None 
None 

Dark reddish brown <2.5YR 3/4 1 moist; sandy clay; very 
friable moist, sticky and plastic when wet; moderate to strong 
very fine crumb and subangular blocky; many fine, many medium 
pores; many fine, common medium, few coarse roots; clear smooth 
boundary to: 
Horizon: Ap 2 10-28cm 

Dark reddish brown <2 .SYR 3 /4 1moist; clay; friable moist, 
sticky and plastic when wet; moderate fi n e subangu l ar blocky; 
many fine, few medium and few coarse pores ; c o mmon fine, few 
medium roots; c lear smooth boundry to: 
Horizon : Bwsl 28-45cm 

Da rk r ed <2 . 5 YR 3 /ó) moi s t; c l a y; fria bl e moist, s ticky 
and plastic when wet; moderate fine subangu l ar bl o cky; many f ine, 
few medium pores; few fine, few medium roots; few shiny ped 
faces; gradual smooth boundary to: 
Hori z on: Bws2 45-65cm 

Dark red <2.5YR 3/ólmoist; clay; friable moist, sticky 
medium subangular blocky; and plastic when wet; so.mewhat weak 

many fine, few medium pores; few 1in~, few medium roots; few 
shiny ped faces; gradual smooth boundary to: 
Horizon: Bws3 ó5 - 125cm 

Dark red <2.5YR 3/b l moist; clay; very friabl e moist, 
st icky and plastic when wet; weak !ine subuangular blocky 
breaki n g into very fine cr u mb; few coarse, tew medium and many 
1ine pores; few fine and very few ~edium roots; diffuse smooth 
bo u ndary to: 
Horizon: Bws4 125-190cm 

Dark red< 2. 5YR 3/ólmoist; clay; !riable mois t, sticky and 
plastic when wet; weak coarse subanguiar blocky breacking into 
very fine subangular blocky; few medium and many very fine pores; 
very fe w fine roots. 

Kw a mdulu lower s lope 

Higher catagory classifica tion : 
Physiographic position: 
Topogra ph y of s u rr o undin g s: 
Microtopograp h y: 
Slope grade: 
La nd u se: 
Parent material: 
Drainage: 
F l ood ing : 
Cli ma t e: 
Mo ist u re condition in the soil: 
Depth of phreatic :e~el: 
Stoni ness/rockness : 
Crust iormation: 
Erosion sheet: 

Haplic .t.crisols 
Lower s..:.op e 
Rolling land 
None 
lü ·: 

Sisal cultivation 
Gn12iss 
Well dra ined 
None 
Tropica l 
Mo i st 
>:.:::Oücm 
None 
No n e 
None 



Horizon: Apl 0-lücm 
Dark reddish brown <SYR 3 / 4) moist; sandy clay; friable 

moist, slightly sticky when wet; moderate fine, strong very fine 
granular; many medium, many fine pores; many fine and ~ew medium 
roots; clear smooth boundary to: 
Horizon: Ap2 10 -30cm 

Dark reddish brown <2.5YR 3 /4J moist; sandy clay loam; 
friable moist, sticky slightly plastic when wet; mod e r ate fine 
subangular blocky; common fine, 1ew medium pores; common fine, 
few medium roots; clear smooth boundary to: 
Horizon: Btl 30-55cm 

Dark reddish brown to dark red <2 .5YR 3/5) moist; c lay; 
friable to firm moist, sticky and plastic when wet; moderat e fine 
subangular b l ocky; common fine, f ew medium and few coarse µor es ; 
f ew fine, few medium roots; gradual s mooth boundary to: 
Ho r i z on: Bt 2 55-95cm 

Dark red( 2 .5YR 3 /6) rnoist; clay; firm moist, sti c ~:y 

sl igh tly plastic when wet; moderate medium subangul a r b locky ; 
common fine, common medium pores; few fine, few medium roots; 
diffuse smooth boundary to: 
Horizon: Bt3 95-130cm 

Dark red <2.SYR 3/5) moist; clay; firm moist, 
slightly plastic when wet; somewhat weak medium 
blocky; common fine, few medium pores; few 1ine, 
roots; clear smooth boundary to: 

stic~~y and 
subangular 
few medium 

Hori=on: BCl 130-170cm 
Dark red <2.5YR 3/6) 

and =:lightly plastic when 
moist; clay; 

wet; sornewhat 
friable moist, sticky 

weak medium subangular· 
blocky; few gravel; common fine, 
~oots; clear smooth boundary to: 

few medium pores; very few tine 

Horizon: BC2 170-lBOcm 
DarK red <2.5YR .3/ó)moist; clay; 

slightly plastic when 
aubangular blocky; many 

we t; 
very 

somewhat we a k 
fine gravel. 

friable moist, ::::ticky 
1ine and ver; line 



Appendix 2. 

CHEHICAL CHARACTERISTICS OF THE SOIL PROFILES 

KWAMOULU CREST 

soil pH ex c h. base s Or g . ma tter Av. p 
dep t h H2 0 KCl Ca Hg Na K CEC c N 

c m meq / 100 g x mg/ Kg 
0-10 5.3 4.0 0.9 0.9 o. l 0.02 10.6 1. 8 0. 16 6.0 
10-28 5.2 4. 1 0.5 0.3 0.0 0.02 9.2 0.9 o. 11 7.4 
28-45 5.4 4 . 0 0.5 0.5 o. 1 0.05 6.8 0 .4 0.06 6.7 
45-65 5.5 4.0 0.4 0.7 0.0 0.04 5.8 0.6 0.06 6.3 

65-125 5.7 4. 1 0.2 1. 2 o. o 0.04 6.2 0 . 4 0 . 05 5.6 
125-190 6.0 4.7 0.2 1. 3 o. 1 0.03 6.5 0.2 0.03 5.2 

KWAHO ULU LOW ER SLOPE 
0-10 6.0 4.7 1. 9 1. 3 o. 1 1. 00 10. 1 1. 7 0.14 3.9 
10-30 5.2 4.0 1. 7 1. 0 o. 1 0.61 10.2 1. 2 0.08 4.6 
30-55 6. 1 4.7 2.2 1. 2 o. o 0.39 8.6 1. 0 0 . 06 5.8 
55-95 6.4 4.8 1. 9 1. 6 0.1 0.49 8.2 0.4 0.05 5.4 

95-130 6.2 4.6 0.5 2.0 o. 1 0.93 7.7 0.3 0.05 4.6 
130-170 6. 1 4.5 0.6 2.2 0. 1 0.90 6 . 2 0.4 0.05 4.2 
17 0-180 6.2 4.6 0.5 2.4 o. 1 0.89 5.6 0.3 0.04 4.4 

HLINGANO CREST 
0-14 6.5 5.8 6.0 2.8 0.2 1. 0 12.6 1. 9 0.15 6.8 
14-26 6. 1 5.4 3.8 1. 0 0 . 2 0.5 9.4 0.6 0 . 08 0.8 
26-50 5.0 4.3 1. 7 0.8 o. 1 0.2 8.6 0.3 0.04 1. 0 
56-80 4.7 4. l 0.9 0.4 0. 1 0. 1 9.9 0.3 0.03 0.7 

80-120 4.9 4. 1 1. 0 0.4 o. 1 o. 1 ll. 0 0.4 0.04 0.8 

HLINGANO LOW ER SLOPE 
0-15 6.7 6 . 0 10.8 2.6 0. 1 0.90 17.9 2.3 0.20 8.4 
15-29 6. 1 5.4 11. 6 2 . 4 0.1 0.35 15.8 2.3 o. 17 7 . 7 
29-60 5.2 4.5 4. 1 2.9 0.1 0.04 11. 9 0.4 0.05 2. 1 

60-100 5 . 4 4 . 8 5 . 6 1. 2 0.1 0.03 11. 8 0.4 0.03 4.2 
100-150 5.9 5.0 4.0 0.8 0. 1 0 . 03 9.4 0.4 0.04 2.8 
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Appendix J: LOCATION OF THE STUDY AREAS 

LOCATION OF TANGA REGION 
IN TANZAN IA /i. . ~ .,.., 
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At' Pt:NGIX .; : 
CRITERIA USED ;N RATING SOIL FERTIL IT Y PARAMETERS 

v. l ov lov moderate 
Organic matter ( :r. ) < 1 1 - 2 2 -4 
CEC ( meq /lOOg ) < 6 6 - 1 2 12 -25 
Exch. Ca ( meq/lOOg ) < 2 2 - 5 5 -10 
Exch.Mg ( meq/lOOg ) < 0.2 0. 2 -1 1 -3 
E:xch. K ( meq / lOOg ) < 0. l o. 1 -0.2 0. 2 -0. ' 4 
Base saturation ( 'l, < 2 0 2 0 -40 40 - 60 
Al saturati.on ( :r. ) <20 
Av. p -

KEY: 

Bray l ( ppm ) < 3 <7 7 -20 

Rated according to Taylor and Pohmen, 1970. 
Rated according to Sanchez, 1976 
Rated according to Page et al, 1982 
Rated according to NSS 1987 

high 
4 -6 

2 5 -4 0 
10 -20 

3 -b 

0 . 4 -0.8 
60 -t10 
20 -60 

>20 

·~ . 

CRITERIA USED IN RATING NUTRIENT CONTENT IN PLANT TISSUE 

N 
p 

K 
Ca 
Mg 
"In 
Fe 

deiicient 

0. 11 
0.58 

o. 18 - 0.32 

lov 

o. 17 

intermedia te 
2.7 -3 . 5 

0.25 
0.74-l.47 
0.38 - 0. 43 
0.23 -0. 35 
20 -500 
56 -178 

Z n <15 > 15 

According to Cha pman, 1':166 
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> 100 

high 

>40 
>20 

>6 
>0.8 

>80 
>E.O 


