
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


CARIBBEAN FOOD CROPS SOCIETY 

PROCEEDINGS 

•*· 

ELEVENTH ANNUAL 

MEETING 



EFFECTS OF FERTILIZER ON GROWTH. YIELD AND LEAF 
MINERAL CONTENTS OF PIGEON PEAS 

(CAJANUS CAJAN (L.) MILLSP.) 

by 

JOHN L. HAMMERTON 
Agronomist, Faculty of Agriculture, University of the 

West Indies, Mona, Kingston 7, Jamaica 

S U M M A R Y 

Application of a compound fertilizer to supply 224 kg/ha each of 
N, P 2 Og and K^O in 5 equal doses during flowering, increased the yield 
of June-sown dwarf pigeon peas by 25% over the untreated control. The 
same total quanti ty during vegetative growth or over the entire growth 
period gave much lower yields. The Ν and Ρ contents of a standard leaf 
were increased by fertilizer application, but neither leaf-N nor-P appeared 
related to yield. Fertilizer application to a November-sown high density 
crop increased the yield of only one of three cultivars, in an experiment in 
which yields were very poor. Nitrogen alone decreased yields in a 
September-sown trial as did M N S 0 4 as spray or soil drench and complete 
fertilizer as drench. The effects of fertilizers on branch number and plant 
height were generally small and variable. 

I N T R O D U C T I O N 

Pigeon peas (Cajanus cajan (L.) Millsp.), in common with many 
tropical subsistence crops, traditionally receive no fertilizer application 
(Gooding, 1962; Henderson, 1965) in spite of normally being grown on 
impoverished soils. This implies an efficient root system able to absorb 

174 



nutrients of low avaflability. A limited number of experiments on 
fertilization have shown a general lack of response (Gooding, 1962), but 
some positive responses have been reported. Sallette & Courbois (1969) in 
Marie Galante obtained yield responses of 35—45% to phosphate and 
potassium application, but not all cultivars showed a response. In India, 
Bhatawadekar, Chiney & Deshmukh (1966) found that phosphate 
application increased, but nitrogen decreased, pigeon pea yields. On a 
leached sandy soil in Tanganyika, applications of as little as 5 tons/ac. 
farm-yard manure (f.y.m.) increased yields of pigeon peas while in the absence 
of f.y.m. both potassium and calcium gave substantial yield increases 
(Evans & Mitchell, 1962). Oke (1969) in Nigeria reported that sulphur 
alone, or with phosphate, increased nodule dry weight and nitrogen 
content in pot experiments, and Nichols (1965), using sand culture, found 
that absence of calcium, phosphorus or magnesium severely reduced 
nodulation. Nodule dry weight was highly correlated with stem, root and 
leaf dry weights. 

Data on mineral contents of pigeon pea leaves are scanty. Nichols' 
(1965) data for 13-week old nodulated plants grown in sand culture, show 
ranges of 2.9-3.2%N, 0.18-1.18%P 2 05 and 0 .98-4.34%K 2 0 in leaf dry 
matter. 

The experiments herein reported were undertaken to examine the 
response of some of the semi-determinate dwarf pigeon pea cultivars, 
developed by the Regional Research Centre of the University of the West 
Indies, to fertilizer application, and to obtain some indication of the 
factors modifying this response, if any. 

EXPERIMENTAL METHODS 

All experiments were carried out on Caymanas clay loam in St. 
Catherine, Jamaica. A typical chemical analysis gives 0.15%N, MOO ppm 
available P 2 0 s and 360 ppm available K 2 0 , with a pH of approximately 
7.4. The cultivars grown were developed at the Regional Research Centre 
of the University of the West Indies; they are drawf and semi-determinate 
in bearing. Weeds were controlled by pre-emerge η ce prometryne (1.1 
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kg/ha) and one or more shielded or directed paraquat sprays. Malathion or 
DDT were sprayed or mist-blown for leaf-hopper and pod-borer control. 
Three or four seeds were sown per hold and later thinned to one plant. 

Experiment 1 
Treatments were all combinations of (i) 3 rates of fertilizer — 0, 56 

or 224 kg/ha each of N, P 2 O s and K 2 0 ; (ii) 3 times of application -
every 15 days from 15—90 days inclusive (during.vegetative growth), every 
15 days from 75—135 days inclusive (during flowering) or every 15 days 
from 15 to 135 days inclusive; and (iii) 2 cult ivars- CH 11/33/34 and GI 
27/4a. The six nil treatments of the 18 treatment combinations were 
retained in the field layout. There were six replicates and plot size was 
2.73 χ 1.82 m with 6 plants at 91 χ 91 cm. Plots were sown June, 16, 
1970. Fertilizer was applied by hand in a ring around each plant, using a 
commercial 10 — 10 — 10 compound. The experiment was normally 
irrigated within 3 days of fertilizer application, unless rain fell. The height 
of every plant was recorded 62, 92 and 122 days from sowing, and branch 
number (primaries) was recorded at 64 days. Leaf samples, taking the 5th 
expanded leaf, were collected at 67 and 107 days for chemical analysis: 
replicates were bulked to give duplicate samples which were washed and 
oven-dried. At 180 days dry pods were harvested, weighed and sampled 
to obtain yield components. At lis time there were few green pods on 
the plants, but a few flowers were piesent. 

Experiment 2 
Treatments were all combinations of (i) 2 sowing dates — 

November 3 and December 3, 1970; (ii) 3 cultivars - CH 11/33/34, GI 
26/2 and GI 27/4a; (iii) 2 plant populations (or spacings), normally 
47,500 per ha (46 χ 46 cm) or 95,000 per ha (23 χ 46cm); and (iv) 2 
fertilizer levels - nil or 100 kg/ha N, 100 kg/ha P 2 0 5 and 125 kg/ha 
K 2 0 at sowing, plus a further 100 kg/ha Ν (as urea) at 40 days from 
sowing. The design was a split—split—split plot design with sowing dates to 
main plots, cvs to sub-plots, densities to sub-sub-plots and fertilizer to 
sub-sub-sub-plots. There were 4 replicates and sub-sub-sub (unit) plot size 
was 2.3 χ 4.6 m. The heights of 8 random plants per unit plot were measured 
at flowering. Leaf samples (5th expanded leaf) were taken at 63 days 
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(early flowering): these were bulked to give duplicate samples, washed and 
oven-dried for Ν Ρ Κ analysis. The bulking permitted significance tests of 
sowing date, cultivar and fertilizer effects. Yields of dry seed were taken 
from an area 1.36 χ 4.0 m in each unit plot, at 125 days (CH 11/33/34) 
and 140 days (GI 26/2 and GI 27/4a) from the November sowing only, as 
praedia larceny destroyed most of the December sown plots. Pod and seed 
numbers were determined on 10 randomly selected plants per unit plot. 
Seed samples were oven-dried to give 100 seed weights and to adjust yields to 
88% dry-matter. 

Experiment 3 
This has also been described elsewhere in these proceedings 

(Hammerton, 1973). Treatments were (i) MnS0 4 4 H , 0 as a foliar spray 
(0.5% wt/vol plus "Citowett") or at 2.2 kg/ha per application as a soil 
drench; (ii.) a soluble complete fertilizer (20%N, 20%P 2 0 5 , 20%K 20, 420 
ppm MgO, 780 ppm Mn, 290 ppm B, 255 ppm Mo, 64 ppm Cu, 51 ppm 
Fe, 46 ppm Zn) as a foliar spray (6.25% wt/vol plus "Citowett") or at 55 
kg/ha per application as a soil drench; (iii) Ν at 22.5 kg/ha per application 
either as urea or sulphate of ammonia, as soil drenches; (iv) an untreated 
control and a treatment receiving MnS04 as a foliar spray "post-bearing". 
This latter treatment need not concern us here. The 8 treatments were 
replicated 3 times; plot size was 2.3 χ 2.3 m containing 25 plants at 46 χ 
46 cm. The experiment was planted September 7, 1972 with cv CH 
11/33/34. Treatments (except the "post-bearing") were applied 5 times at 
weekly intervals from 47 days (October 24). Mature green pods were 
harvested once, at 140 days; plants were still flowering, but the onset of 
the yellowing and die back syndrome (Hammerton, 1973) effectively 
prevented any further bearing. Heights and (primary) branch numbers 
(>2 .5 cm) were recorded at 60, 75 and 120 days. 

RESULTS 

Experiment 1 
Both cultivars began flowering at about 105 days and were in full 

flower by 120 days. The U.W.I, semi-determinate dwarf cultivars behave 
differently in Jamaica compared with Trinidad: growth form is laxer and 
less dwarf, and flowering persists longer with a greater range of pod 
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maturities than is obtained in Trinidad. 'Neither fertilizer treatment nor 
cultivar affected height at 62 or 92 days, but at 122 days GI 27/4a (190 
cm) was significantly taller than CH 11/33/34 (186 cm) (S.E. + 0.83 with 
85 d.f. for error). Application of fertilizer from 73—135 days (during 
flowering) increased plant height significantly over that of plants fertilized 
over 15—90 days or throughout the 15—135 day period. Means were, 
respectively, 193, 188 and 187 cm (± 0.24). Branch number at 64 days 
averaged 13 and was unaffected by any treatment. 

Yields are summarised in Table 1. Cultivars did not differ in yield 
and, overall, fertilizer rate had no significant effect on yield. Averaged 
over rates, fertilizer application from 75—135 days increased yields 
significantly. The. highest yield was obtained by the higher rate over 
75—135 days: the same rate earlier, or over the entire period, gave a yield 
similar to that of the jiil control. The lower rate over 75 — 135 days was 
also significantly, better than*the nil control. Surprisingly, the lower rate 
applied over 15—90 days was better than the higher rate over the same 
period. Mean number of%peas per pod and mean dry weight p c pea were 
not significantly affected by any fertilizer treatment. The cultivars did 
differ however; · mean numbfrs of "peas per pod were 4,10 and 4.43 (± 
0.098) and mean dry weights per pea were 106 and 114 mg (±2.8) for CH 
11/33/34 and GI 27/4a respectively. 

Leaf contents of Ν, Ρ and K" are "shown in Tables 2 and 3. At 67 
days, GI 27/4a had a greater leaf :N content ' than CH 11/33/34, but at 107 
days it had greater leaf-N, Ρ and Κ contents: Phosphorus and K, but not 
N, decreased, considerably between 67 and 107 days. Leaf-K was 
unaffected by fertilizer treatment at: both 67 and 107 days. The. high 
fertilizer rate from 15—90 days .increased both Ν and Ρ at 67 days; note 
that only 4 of the 6 applications had been given at the time of sampling 
and hence only two-thirds of the· quantities had been applied. At 107 
days, the high rate increased leaf-N compared with the low rate or nil 
control. Leaf-P was increased by both rates and equally, the 75—135 day 
treatment in both cases giving higher " values than the 15—90 day 
treatment. 
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Experiment 2 
Fertilizer application increased plant height at flowering (Table 4) 

in all three cultivars: the increase was greatest in the shortest cultivar, CH 
11/33/34. Overall, sowing date had no effect on height when fertilizer was 
given: in its absence December-sown plants were slightly, but 
significantly, taller (Table 5). Yields of dry seed were extremely poor, due 
partly to grossly sub-optimal plant populations, and also due to severe loss 
of leaf as a result of rust (caused by Uredo cajanij. Yield data refer only 
to the November sowing. Fertilizer increased yields, but only with CH 
11/33/34, which was the highest yielding of the three cultivars (Table 4). 
Table 6 shows that, averaged over cultivars, the response to fertilizer 
occurred only at the higher population, which gave a significantly greater 
yield than the lower population. Pod number per plant showed the same 
trends (Table 4) as yield. Seed dry weight was unaffected by fertilizer, 
but differed among cultivars. Means were 72, 79 and 91 (±0.09 with 6 d.f. 
for error) for CH 11/33/34, GI 26/2 and GI 27/4a respectively (weights in 
mg·) 

Only leaf-N showed a significant effect of fertilizer (Table 5). 
Fertilizer increased leaf-N, but only in the November sowing. Overall, 
November-sown plants had significantly higher leaf-N contents than 
December-sown (4.75 and 4.31%, respectively, ±0.012 with 1 d.f. for 
error). Leaf-P was also lower in December-sown plants but the difference 
was not significant (0.42 and 0.34% ±0.005 with 1 d.f.). Fertilizer slightly 
but significantly increased leaf-P (0.37 and 0.39% ± 0.004 with 6 d.f.). 
Leaf-K averaged 0.90% but was not significantly affected by any treatment 
Cultivars showed no difference in either Ν, Ρ or Κ contents of the leaves. 

Experiment 3 
Data on branch numbers, plant heights and yield are summarised in 

Table 7. By 60 days all except the control and "Mn-post-bearing" 
treatment had received two applications as spray or drench, and by 75 
days four applications (the fifth was given on the 75th day). The 
Mn-foliar, Mn-soil, Fert.-foliar and (NH4 )2 S 0 4 treatments all reduced 
branch number, relative to the control, at 60 days. Urea increased height 
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and Fert-foliar decreased it however. By 75 days (NH4)2 S 0 4 increased 
branch number, but not height, whereas urea increased height. Branch 
number apparently decreased in some treatments between 75 and 120 
days. At 120 days, Mn-foliar and Fert-soil both decreased branch number, 
compared with the control, but increased plant height. Yields were low, 
due probably to severe rust: all treatments except Fert-foliar reduced 
yields significantly below that of the control, the reduction being greatest 
with the nitrogen treatments. 

DISCUSSION 

Although the general levels of yield were low, particularly in 
Experiments 2 and 3, and the soil type is described as of "high to very 
high" natural fertility (Vernon, 1958), some increases in yield due to 
fertilizer application were obtained. The low yield level was at least partly 
due to severe rust infection resulting in heavy leaf fall. The 
semi-determinate nature of these cultivars exacerbates this loss of leaf. In 
Experiments 1 and 2, but not in 3, an NPK. or complete fertilizer 
increased yields. The evidence of Experiment 3 suggests, in agreement with 
data of Nichols (1965) and Bhatawadekar et al (1966), that Ν alone 
depresses yield, presumably by depressing nodulation. The results of 
Experiment 1 suggest that timing of fertilizer supply may be important. 
The small return for very heavy applications should be noted. 

Ν and P, but not K, appeared to be readily absorbed from soil 
applications and to give leaf contents higher than those of Nichols (1965); 
his data refer to "whole-plant" leaf samples however. Neither Ν nor Ρ 
contents appeared in anyway associated with yield in Experiment 1. A 
similar comparison for Experiment 2 is prevented by loss of the December 
yield data. Data presented elsewhere in these proceedings (Hammerton, 
1973) cast doubt on the efficacy of foliar applications of nutrients, and 
the yield data of Experiment 3 tend to confirm this, insofar as foliar 
fertilizer neither increased nor decreased yield compared with the control, 
although it did affect branch number and height. 

Only one of the three cultivars showed a yield response in 
Experiment 2. This may imply a genetic capacity to respond , though no 
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cultivar χ treatment interaction was recorded in Experiment 1, nor did 
this cultivar (CH 11/33/34) show a positive response in Experiment 3. 
One might predict that plants under population stress would be more likely 
to respond positively to increased nutrient supply than those at lower 
populations. The marked fertilizer χ population interaction of Experiment 
3 (Table 6) supports this, although more recent work (unpublished) 
shows these populations to be well below the optima. 

Branch number was not affected by the treatments of Experiment 
1, and in Experiment 3 the effects were not consistent though the data 
suggest that branches produced in response to fertilizer were short-lived, so 
that the increase in branch number, over the control, at 75 days was only 
temporary. Height increases were generally small, and not consistent, in 
Experiment 3. Indeed the latter experiment suggests some antagonism 
between branch production and increase in height. 

The Mn treatments of Experiment 3 were included as part of the 
investigation of the yellowing and dieback syndrome reported elsewhere in 
this volume (Hammerton, 1973). Μη had inconsistent effects on branch 
number and no significant effects on height: both foliar and soil 
applications reduced yields however, implying some phytotoxicity. 

These data do little mote than suggest that the response, in yield 
or growth, of pigeon peas to fertilizer, may vary with the cultivar, with 
planting date and with plant population. The yield responses obtained 
were small and clearly uneconomic in view of the large quantities applied 
and the uncertainty of the response. On every impoverished soils a 
response to Ρ and Κ might be obtained and possibly to other nutrients. 
The data do suggest that much more work could usefully be undertaken 
on nutrient uptake, on the efficacy with which mineral nutrients are used 
within the plant, and on the whole question of nodulation and the 
nitrogen economy of pigeon peas. 
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Table 5 

Effect of rate and time of fertilizer application on the yield of dry seed* (kg/ha 
at 88% dry matter) of pigeon peas. Plots were harvested once. Means of 

two cultivars (CH 11/33/34 and GI 27/4a). (Experiment 1). 

Time of Fertilizer 

application 
Rate of fertilizer application (kg/ha of each 

of Ν, Ρ 2 Ο 5 a n d K 2 0 ) 

Mean (of 56 and 

224 Kg/ha) 

Nil 56 kg/ha 224 kg/ha 

1 5 - 9 0 days 

7 5 - 1 3 5 days ' 

1 5 - 1 3 5 days ] 

± 17.61 

1013 cd 

± 28.52 ±21.5 

1 5 - 9 0 days 

7 5 - 1 3 5 days ' 

1 5 - 1 3 5 days ] 

± 17.61 

1013 cd 

'1099 be 

. 1107 b 

958 d 
ι 

924 d 

1262 a 

931 d 

1012 b 

1184 a 

944 b 

Mean ± 21.5 1013 a 1055 a 1039 a 

S. E. of nil fertilizer mean 

S. E. of rate χ time interaction means. Errer d.f. 85. Means within the body of the table 
(i.e. nil and rate χ time interaction means) and marginal means over rates or times of application, 
followed by the same letter, do not differ significantly by Tukey's test. 
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Table 5 

Nitrogen, phosphorus and potassium contents of the 5th leaf (% in dry-matter) 
of two pigeon pea cultivars at 67 and 107 days after sowing. Means 

over rates of application. (Experiment 1.) 

67 days 

CH 11/33/34 GI 27/4a 

107 days 

CH 11/33/34 GI 27/4a 

± 0.0181 ± 0.040 

Nitrogen (N) 

Phosphorus (P) 

Potassium (K) 

4.35 4.68 b 

± 0.Û061 

0.21 a 0.22 a 

+ 0.0121 

1.09 a 1.09 a 

4.41 4.69 b 

± 0.0012 

0.10 a 0.12 b 

+ o . o i r 

0.86 a 0.92 b 

1 Error d.f.S 

2 Error d.f. 9. If the two means of a pair are followed by the same letter they do not differ 
significantly by Tukey's test. 
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Table 3 

Effect of rate (as kg/ha or each of N, P - O , and K.O) and time of fertilizer z 5 2 
application on the nitrogen and phosphorus contents of the 5th leaf 

(% in dry matter) of pigeon peas. Means of two cultivars 
(CH 11/33 /34 and GI 27/4a). (Experiment 1.) 

Time of 
sampling 

Rate and time of fertilizer application 

Time of 
sampling 

56 kg/ha 224 kg/ha 

Time of 
sampling Nil 1 5 - 9 0 

days 
7 5 - 1 3 5 
days 

1 5 - 9 0 
days 

7 5 - 1 3 5 
days 

67 days 

107 days 

Nitrogen (% in leaf dry matter) 

67 days 

107 days 

4.45 a 

4 .53 a 

4.45 a 

4.45 a 

± 0.023 1 

± 0 .062 2 

4.50 a 

4.65 b 

4 .65 a 4 .63 b 

67 days 

107 days 

Phosphorus (% in leaf dry matter) 

67 days 

107 days 

0.20 a 

0.10 a 

0.20 a 

0.11 b 

± 0 .0076 1 

± 0 .0017 2 

0.12 c 

0 .24 b 

0.11 b 0 .12 c 

1 Error d.f. S. 

2 
Error d.f. 9. Means on the same line followed by the same letter do not differ significantly 
by Tukey's test. 
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Table 5 

Effect of fertilizer application and planting date on the 
nitrogen content of the 5th leaf (% in dry matter) at 

63 days (early flowering) and on plant height at 
flowering. Means of three cultivars 
(CH 11/33/34, GI 26/2 and GI 27/4a). 

(Experiment 2.) 

Nitrogen (%) 

Mean +0.012 1 

Height (m) 

Mean ±0.020 2 

Fertilizer and planting date 

Nitrogen (%) 

Mean +0.012 1 

Height (m) 

Mean ±0.020 2 

No fertilizer Fertilizer 

Nitrogen (%) 

Mean +0.012 1 

Height (m) 

Mean ±0.020 2 

November December November December 

Nitrogen (%) 

Mean +0.012 1 

Height (m) 

Mean ±0.020 2 

4.62 b 

tO.0271 

4 .30 c Nitrogen (%) 

Mean +0.012 1 

Height (m) 

Mean ±0.020 2 

4.62 b 4.32 c 4.87 a 4 .30 c Nitrogen (%) 

Mean +0.012 1 

Height (m) 

Mean ±0.020 2 

6 b 4.59 a 

Nitrogen (%) 

Mean +0.012 1 

Height (m) 

Mean ±0.020 2 

1.04 c 

±0 .007 2 

1.10 a 

Nitrogen (%) 

Mean +0.012 1 

Height (m) 

Mean ±0.020 2 

1.04 c 1.07 b 1.11 a 1.10 a 

Nitrogen (%) 

Mean +0.012 1 

Height (m) 

Mean ±0.020 2 1.05 b 1.1 11 a 

' Error d.f. 6 2 Error d.f. 36 

Means on the same line followed by the same letter do not differ significantly bv Tukey's test. 
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Table 1. 

Effect of plant population and fertilizer application on 
yield of dry seed (kg/ha at 88% dry matter). 

November planting only, means over 
three cvs. (Experiment 2) 

Nominal plant population (000's/ha) 

Mean 
47.5 95.0 

Mean 

±6 8 1 ± 4 .8 1 

No fertilizer 135 b 155 b 145 b 

Fertilizer 141 b 197 a 169 a 

Mean ± 5.62 138 b 176 a 

1 Enor d.f. 18. 2 Error d.f. 

Means in the body of the table (fertilizer χ population interaction), and marginal means over 
fertilizer or populations, followed by the same letter do not differ significantly. 

188 



Ta
bl

e 
7 

E
ff

ec
t 

of
 

nu
tr

ie
nt

 a
pp

lic
at

io
n 

on
 m

ea
n 

br
an

ch
 (

>2
.5

 
cm

) 
nu

m
be

r 
pe

r 
pl

an
t 

an
d 

m
ea

n 
pl

an
t 

he
ig

ht
 (

cm
) 

at
 6

0,
 

75
 a

nd
 

12
0 

da
ys

 f
ro

m
 p

la
nt

in
g,

 
an

d 
yi

el
d 

as
 p

od
s 

pe
r 

pl
an

t 
at

 
14

0 
da

ys
. 

(E
xp

er
im

en
t 

3)
 

M
ea

n 
br

an
ch

 
nu

m
be

r 
pe

r 
pl

an
t 

M
ea

n 
pl

an
t 

he
ig

ht
 

(c
m

) 
Po

ds
 p

er
 

pl
an

t 

60
 

da
ys

 
75

 
da

ys
 

12
0 

da
ys

 
60

 
da

y 
s 

75
 

da
ys

 
12

0 
da

ys
 

14
0 

da
ys

 

M
n-

fo
lia

r 
8.

1 
b 

15
.5

 
ab

 
11

.7
 

b 
87

 
ab

 
10

9 
ab

 
12

3 
a 

8.
3 

b 

M
n—

so
il 

7.
0 

c 
15

.9
 

ab
 

13
.3

 
ab

 
85

 
be

 
10

4 
b 

11
8 

ab
 

8.
3 

b 

Fe
rt

-f
ol

ia
r 

8.
4 

b 
14

.7
 

ab
 

13
.5

 
ab

 
δι

 
c 

10
8 

ab
 

11
6 

b 
9.

8 
a 

Fe
rt

T-
so

il 
9.

1 
ab

 
14

.5
 

ab
 

11
.9

 
b 

88
 

ab
 

10
7 

ab
 

12
2 

a 
7.

8 
be

 

U
nt

re
at

ed
 

co
nt

ro
l 

9.
4 

a 
14

.0
 

b 
18

.2
 

a 
86

 
b 

10
5 

b 
11

8 
ab

 
9.

9 
a 

M
n-

po
st

-b
ea

ri
ng

* 
9.

4 
a 

14
.1

 
b 

16
.6

 
a 

87
 

ab
 

10
6 

ab
 

11
9 

ab
 

10
.2

 
a 

(N
H

4
) 2

 
S0

4-
so

il 
8.

4 
b 

16
.2

 
a 

15
.0

 
ab

 
86

 
b 

10
9 

ab
 

11
4 

b 
7.

2 
c 

U
re

a-
so

il 
8.

8 
ab

 
14

.5
 

ab
 

16
.7

 
a 

91
 

a 
11

1 
a 

11
6 

b 
7.

3 
c 

S.
 E

. 
(1

4 
d.

 f
.) 

±
0.

 1
9 

±
0.

41
 

± 
1.

14
 

± 
0.

89
 

± 
1.

10
 

± 
1.

17
 

±0
.2

1 

""
Tr

ea
tm

en
t 

no
t 

ap
pl

ie
d 

un
ti

l 
13

7 
da

ys
 

on
w

ar
ds

. 




