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ABSTRACT

Five cultivars each from tall, medium and short-stemmed cassava germplasm at CIAT were grown under rainfed
conditions in Inceptisols with adequate N, P and K fertilizer. Sequential harvests were made at 2, 4, 6 and 10 months
after planting to determine LAL top and root biomass production, At final harvest, N, P, K, Ca and Mg uptaks intop
and root biomass was determined. inboth medium and short-stemmed cullivars, LAl and top biomass were significanily
lower than in the tall cuitivars. Differences in root vield were less prenounced due to higher harvest indices in medium
and short-stemmed cultivars. Total nutrient uptake was also staller in medium and short-stemmed cultivars due o
lower top biomass. Nutrient use efficiency for root production was significantly greater in mediurm and short-stemmed
cultivars as compared to the tali ones. It would be beneficial, therefore, to breed for short-stemmed cassava in order
to reduce sail nutrient depletion and hence conserve soil fertility without sacrificing yield potential. Moreover, due to
the feasibility to increase population density with short-stermmed cassava, soil erosion in cassava-based cropping
systems could be minimized because of early ground cover.
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COMPENDIO

EFICIENCIA EN EL USO DE NUTRIENTES DE GENOTIPOS DE YUCA
DE DIFERENTE ARQUITECTURA

Enun Inceptisol de la estacion experimental del CIAT, Santander de Quifichag, Cauca, Colombia se sembraron fres
tipos de yuca asi: alta, media y baja de cada tipo se escogieron cinco cultivares. Los cultivares de porte medio y bajo
presentaron IAF v una produccidn de bintmasa en la parte agrea significativamente menor que 1os de porte atto. Las
diferencias en la produccian de raices fue menos pronunsiada debido al alte indice de cosecha de los cultivares de
porte medio y bajo. La absorcidn total de nulrientes fue también menor en [0s cullivares de porte medio v bajo debido
a la menor produccion de biomasa en la parte aerea. E! uso eficiente de los nutrientes para |la produccion de raices
fue significativamente mayor en los cultivares de pote medio v bajo que en los cuitivares altos.

Palabras claves: Yuca; Manihot esculenta; indice de area foliar; Rendimiento de raices; Absorcion de nufrientes

INTRODUCCION

Concems have been raised about high-input-technology
agriculture’s potentially negative side effects, such as

time, sustain reasonable crop productivity needed to
meet the increasing demands for agriculiural products,
the judicious uses of agricultural inputs, such as
agrochemicals, and the development of improved

environmental poliution {(Greenwood, 18240; Davis, 1984,
Matson et al., 1998), high levels of soil degradation {Lal,
1889) and particularly the environmental and economic
impacis of soil erosion (Pimentel ot al., 1995). To
minimize these environmental impacts and, atthe same

cultivars tolerari to biotic and abiotic stresses are good
strategies (Sanchez and Salinas, 1881, Matson et al,
1998). In conirast with the capital-intensive Green
Revolution technology for cereal crops production,
cassava (Manihot escuienta, Crantz}is produced mainly
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by small farmers on low-fertility soils in the tropics with
virtually no purchased inputs (El-Sharkawy, 1983).
Moreover, due to pressures on iand resources and fo
the inherenttolerance of cassava to poor acid soils {Cock
and Howeler, 1978; Howler, 1991a), increasingly mors
marginat lands are being used for its production in Africa,
Asia and South America (Romanoff and Lynam, 1992;
El-Sharkawy, 1983, Howeler, 1984). Under these
conditions, cultivars that produce more biomass of rools
per unit of nutrient extracted wauld be advantageous
{(Hershey and Jennings, 1592},

Advances have been made in breeding improved
cultivars with high yield potentiat under favorable
environments (Kawano etal,, 1978; Hahn et al., 1979}
with the improved cultivars having higher harvestindices
as compared to raditional landraces (Kawano, 1980,
Under abictic stresses (i.e. low-fertility solls and
prolongead water stress), however, cassava planttends
io further increase its harvest index due to lower reduction
in root yield as compared to top biomass (Cock and
Howeler, 1978, Connor et al., 1981; El-Sharkawy et al,,
1952}, Total nuirient uptake was aiso found to be
significantly smaller in water-stressed cassava as
compared o unsiressed crops, thus resulting in higher
nutrient use efficiency in terms of root production {Ei-
Sharkawy et al., 1998). The enhancement of nutrient
use efficiency was due mainly to a targer reduction in
top biomass, and hence, a smaller nutrient uptake in
water-stressed crops. These findings implied that
reducing top biomass in cassava could be beneficial in
minimizing soil nutrient depletion, and hence soil
degradation, particularly when cassava is grown
continuously in poor soils without fertilizer application.
Although, there were many reports on cassava response
to fertilizer and on nutrient uptake (Spear et al., 1976;
Howeler and Cadavid, 1983, 1830; Howeler, 18911, Hicks
et al., 1991; Pellet and El-Sharkawy, 19833, b, 1897;
Cadavid et al., 1998), no information exists on nutrient
uptake and use efficisncy as affected by cassava
architeciure. Therefore, the objectives of this study were
to (1) evaluate the productivity of a group of genotypes
selected from the cassava germplasm at CIAT having
different plant heights and {2) determine their nutrients
uptake and use efficiency.

MATERIALS AND METHODS

Plant materials,
experimental design

experimental site and

Fifteen cassava culiivars with different heights ranging
from 230 to 260 cm {tall), from 170 to 200 cm (medium)
and from 120 to 150 cm (short} at maturity, were selected
from the cassava germplasm at CIAT and were grownin
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two consecutive cycles at the CIAT Expetimental Station
at Santander de Quilichao, Cauca, Colombia (lat. 3°06'N,
long. 76°31W, alfitude 890 m, mean annual temperature
24°C). The soll nceplisol (FAQ) with clayey texture
(about 71% clay, 25% silt and 4% sand), pH (H,0; of
4.5, 28 mol Ckg' (dry soilyand G.41, 0,18, 0.40, 1.80,
9.50, 3.70 and 9.59 mmol kg (dry soil) of NH,, NO, P,
K. Ca. Mg and Al, respedtively, The experimental site
had bean planted with cassava during the two preceding
years. Befora planting, the land was prepared by a disc
plough in two directions and then was ridged ai 1 m
distance.

Mature stem cuttings, 20 cm fong, were selected in
the 1994/1995 season from the cassava germplasm al
CIAT Station, Palmira, Valle, Colombia, which was grown
onvery fertite scif (Vertisel). The lower ore-third of woody
mature slems (10 months} was used for cuttings which
were saaked for 10 min in a fungicide-insecticide Zinc-
suifate solution before planting (Veblkamp, 1985). On
October 1994, the cutlings were planted vertically on
ridges al 1 mx 1 mio give a population density of 10,000
plants ha. in the second cropping cycle (1985/1956),
due te shortages of planting materials, particularly of
the short cassava cultivars from the Palmira Station,
the crop of the preceding year (1894/1985] of the trial
was used as a source for planting matenals. The cuttings
were treated similarly as in the first cycle and were
pianted on September, 1985, al the same site and
density. One month after planting in both years, 50N,
44 P, 84 K kg ha* were band-applied in the form of a
compound N, P and K fertilizer at 10:8.7:16.7. The
experment was laid out in a split-plot design with four
replications. The main plots were assigned fo groups of
plant architecture and the sub-plots to cultivars within
each group. The size of the sub-plot was 80 m?. During
the firsi growing cycle {19894/1995), the tofal rainfall from
October, 1994, to July, 1885, was 1461 mm and the pan
svaporation was 1365 mm. There was a water deficit
fror December, 1894, to February, 1995, when rainfall
ranged from 16 to 70 mm per month. In the second
cropping cycle (1995/1988}, the total rainfall from
September, 1995, to July, 1886, was 1827 mum and the
pan evaporation was 1182 mm. Except with the last
two months before harvest (June, July, 1988), rainfall
was greater than pan evaporation, particularly in
December, 1895 (with 300 mm) and In March, 1896 {with
420 mm). Noirrigation was applied in efther cycies.

Biomass and nutrient uptake determination

Four sequential harvests of § protected plants per plot
were made at 2, 4, 8 and 10 months afier planting in
both cropping cycles, Harvested plants were separated
into leaves, petiols, stems and slorage roots. Samples
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of the various plant parts {(excluding fallen leaves which
were not collectad) were chopped into small pieces and
oven-dried at 756°C at a constant weight to determine
dry matter. Subsamples of the dry matter ofthe different
plari paris were ground through a 40-mesh screen Wiley
laboratory mil. The nutrient contents of samples were
determined according to Salinas and Garcia (1985) and
Thomas et al,, (1967). Subsamples were digested in
sulfuric acid and the contents of N and P in solution
were determined colorimetrically on an autoanalyzer;
K, Ca and Mg were determined by atomic absorption
spectrometry, The nutrieni uptake was calculated on
basis of unit dry matter of harvested biomass and then
converted to kg nutdentha™

Leaf area index {LA was determined at each harvest
using a 20-leaf sample from differsnt canopy levels; its
area was determined and then cven-dried to obtain
specific leaf dry weight. The total dry weight of leaves
from each harvest was converted to leaf area using the
sampie specific leaf weight (Veltkamp, 1985).

RESULTS AND DISCUSSION

I eaf area index {LAl} and biomass production

At all harvests in bath cycles {except the short group
at4 months in 1994/1995), LAl varied significantly among
cultivars within each height group (Table 1). iIn all cultivars,
LAl peaked at 4-6 months and then declined greatly at
10 months. In both cropping cycles, the tall group had
significantly greater LAl than the short group with
intermediate values in the medium one indicating that
LAl in cassava is directly related to plant height,
regardlass of branching habit. ingeneral, LAl is affected
by both the time and levels of reproductive branching,
with greater values often observed with early branching
cultivars as well as with greater levels of branching (Hunt
et al., 1997; Cock et al., 1579). Nevertheless, in this
iriat there were different branching habits among cultivars,
and groups (eye cbservation),

The low LAt in the short group fndicates that light
interception at this plant density was much lower
throughout the growth cycle as compared with the two
other groups. Thus, higher plant population density would
have been advaniageous in terms of ight interception in
short cassava. Even intall cultivars, LAl did not reach
the optimum values for root production as predicted by
the simuiation model developed by Cock et al., (1979),
in the first cycle, rainfall was much less than pan
evaporation from 3 to 5 months after planting, hence
leaf formation might have been reduced. On the other
hand, excess rainfall from 3 to 7 months after planting
in the second cycle might have enhanced leaf fall,
particularly in the tall cultivars.
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Top biomass varied significantly among cultivars within
each group at all harvests and in both cycles (Table 2).
Tall cultivars had significantiy greater top biomass than
short and medium ones at 8 and 10 months after planting
in both cropping cycles. The smallest top biomass was
chserved in the short cultivars at all harvests In both
years. Inthe second cycle, however, top biomass was
greater than those in the first cycle in all cultivars,
indicating the favorable effect of higher precipitation in
the second eycle. As in LAI, mid-season water deficit
in the first cycle might have adversely affected top growth.
This observation confirms earlier reports on the effects
of early and mid-season water stress on top growth of
cassava (El-Sharkawy et al., 1892, 1998).

Root yield varied significantly among cultivars within
each group at all harvests in both cycles (Table 3). There
were no significant differences in root vield at 6 and 10
months ameng groups of plant height in the first cycle,
whereas differences were significant at 4 and 10 months
after planting in the second ¢cycle. The tall cuttivars had
the largest average root yield at 10 months in the second
cycle and the short cuttivars had the smallest yield, The
medium cultivars had intermediate average rootf yield.
Inthe second cycle, final vields were higher than those
in the first cycle in the tall cultivars. On the other hand,
ylelds of the short cultivars were lower in the second
cycie as compared to yields in the first cycle. 1t appears
that the higher precipitation in the second season favored
root production in the tall cultivars, whereas it adversely
affected short cultivars, There were no mayor changes
in average final root yield in the medium cultivars inthe
two cycles, itis noteworthy that both medium and short
gultivars tended to have earlier root bulking as indicated
by the higher root vield st 4 months as compared to the
tall cultivars.

Differences in root yvield among genolype groups were
much less than differences in top biomass {compare
data of Tables 2 and 3), indicating a higher partitioning
ratio of photoassimilates towards roots in the medium
and short groups as compared to the tall ene, This
observation was further substantiated by differences in
harvest index (root yield/total biomass) among groups
of cultivars. As an average of both cropping cycles, the
harvest indices at 10 months affer planting were 0.78,
0.74 and (.66 for the short, medium and tall groups,
respectively. These findings point to the advantage of
breeding cassava cultivars with shorter stems without
large reductions in root yieid. Furthermore, increasing
population density in medium and short-stemmed
cultivars could be bensficial in terms of light interceplion
and hence productivity. Using higher population density
shoukd also increass ground cover early in the growing
season and thus reduces soil erosion in cassava-based
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TABLE 1. Leaf area index (LAl} of tail, medium and short cassava. Harvests were made at2,4,6
and 10 months after planting

Cullivar 1954/1695 199571996

2 4 8 10 2 4 6 10
Tall
CG4a02-1 04 1.8 32 24 0.3 24 27 24
CMA574-7 0.6 15 2.1 1.2 0.4 2.1 1.3 0.6
M Bra 110 0.5 1.4 19 1.7 05 2.1 1.5 2.2
M Mal 48 06 19 1.6 14 0.6 34 1.8 g8
M Pan 51 0.3 1.2 1.6 0.3 0.4 19 1.0 0.2
Avy. 45 1.6 2.1 14 04 24 17 1.2
LS80 5% {Buncan) for cultivars 0.2 0.7 0.5 04 0.1 0.8 07 0.8
Medium
CM 507-37 03 20 20 0.4 0.4 27 2.2 0.7
CM 2766-5 .3 1.2 1.2 0.1 0.2 2.1 0.3 0.4
CM 47294 0.6 1.2 1.6 D2 0.5 2.7 14 0.4
M 32584 0.3 1.6 15 0.4 0.2 15 16 4.3
83 107-35 0.3 0.9 13 0.3 04 2.0 0.6 0.3
Avg. 0.4 14 1.5 0.3 0.3 2.2 1.3 0.4
LSD 5% {Duncan) for cultivars 0.1 05 0.5 9.1 0.1 0.5 04 0.3
Short
GG 114141 0.3 1.2 20 0.7 0.3 16 1.4 0.3
GG 142041 .3 1.5 1.3 0.3 0.2 24 16 0.2
M Col 22 0.2 1.4 10 0.4 g2 1.7 0.6 0.2
M Bra 800 0.2 1.1 141 0.2 0.3 16 0.6 0.3
SGE 5361 0.2 1.3 1.5 0.3 0.2 20 1.6 0.4
Avg. 0.2 1.3 14 0.4 0.2 1.9 1.2 0.3
LSD 5% (Duncan) for cultivars .1 N3 0.4 01 0.1 0.6 g5 02
LSD 5% {Duncan)} for groups of
cultivars 0.4 NS 05 0.3 0.1 NS 0.5 0.4

NS = Not significant at 5%

cropping systems {Howeler, 1994; Ruppenthal et al.,
1897). However, further research Is warratted to study
the response of short-stermmed cassava to prolonged
water stress as well as to soil fertdity and to determine
their potential for droughi-prone areas such as
northegstern Brazil and sub-Saharan Africa {El-
Sharkawy, 1893). Moreover, potential production of
planting materials with good quality and sufficient quantity
should be also assessed, especially for short-stemmed
cuitivars,

Nutrient uptake

Table 4 summarizes data on nutrient upiake in top
biomass al final harvest {10 months) in the two cropping
cycles. In both cycles, there were significant differences
in uptake of all nitrients among cultivars within plamt
height groups. Differences in uptake among groups were
also significant for all nutrients in both years with the
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largest uptaks in the tall cullivars ant the smallest uptake
inthe shortones. The medium cultivars had intermediate
uptake, This patlem in nuirient uptake coincided with
patterns in top biomass production {Tabia 2). Withthe
exception of the short cultivars, nutrient uptake was
greaterin the second cycle than in the first one indicating
again differances in top biomass production between
the two cycles. The largest uptake in top biomass was
in N followed by K, Ca, Mg and P, in a decreasing order.

Nutrient uptake in roots at final harvest also diffared
significantly among cultivars within groups inboth cycles
(Table 5). Differences among groups were significant
only in the second cycle for all nutrients except N. The
largest uptake in the second cycle were in the tail
cultivars and the smallest in the short cultivars due o
differences inroot yield {Table 3). The medium cultivars
had infermediate uptake. In the first cycle the largest
uptake was in N, whereas in the second cycie the largest
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TABLE 2. Top biomass (t ha' dry weight) of tall, medium and short cassava. Harvests were made at 2,

4, 6 and 10 months after planting

Cultivar 198471995 19951996

2 4 6 10 2 4 6 10
Tall
CG402-11 0.3 2.3 36 7.1 0z 2.3 55 8.8
CM4574-7 04 2.2 2.7 6.0 0.3 24 24 56
MBra 110 03 20 3.2 5.7 0.3 2.3 28 9.5
M Mal 48 0.4 22 23 5.5 0.4 28 3.4 9.0
M Pan 51 0.3 1.8 4.9 47 0.3 25 34 5.0
Avg. 0.3 2.1 3.3 58 0.3 25 33 7.8
LSD 5% (Puncan}for cultivars a1 0.4 1.2 1.0 0.1 R 1.1 20
Medium
CMB07-37 02 24 28 37 0.3 2.6 32 56
CM 2786-5 0.2 1.3 1.5 25 0.1 1.8 14 34
CMA4T729-4 0.4 1.7 24 4.9 04 32 39 6.0
CM 32994 0.2 1.3 17 2.0 0.1 14 23 45
SG107-35 03 1.3 1.7 32 0.3 23 2.3 449
Avg. 0.2 1.6 2.0 33 03 2.3 28 49
L8D 5% {Duncan}for cultivars 0.1 .8 0.6 0.8 0.1 0.6 0.5 1.1
Short
CG 11411 0.2 1.2 1.8 26 0.2 14 1.8 2.1
CG 142041 0.2 1.3 1.3 2.1 02 1.8 24 2.3
MCogl 22 0.2 1.4 1.2 30 0.2 1.5 13 20
M Bra 900 0.2 1.6 1.4 21 0.2 18 1.8 3.3
5G 53641 01 14 1.7 32 0.1 20 2.8 42
Avg. 0.2 1.4 1.8 2.6 0.2 1.7 20 28
LSD 5% (Duncan)for cultivars NS 0.3 04 4.8 0.1 0.5 0.7 0.7
LSO 5% {Duncan) for groups of
cultivars 01 0.6 ¢ 09 0.1 05 0.7 1.5

NS = Not significant at 5%

uptake was in K. t appears, therefore, that the water
deficit that occurred from 3 to 5 months after planting in
the first cycle favored N accumulation in roots, thus
confirming simitar findings by Ei-Sharkawy et al., (1998).

Nutrient use efficiency

There were significant differences among cultivars
within groups for root nutrient use efficiency of all
elements in both cropping cycles (Table 8). Differences
among genotype groups were also significant for all
elements with the lowest values in the tall cultivars. These
findings indicate that in terms of root production, medium
to short cultivars are advantageous due to their higher
nutrient use efficiency as compared to the tall ones.
This was mainly due to the much lower top biomass in
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short-sternmed cassava, and hence lesser nutrient
uptake (Table 4). Moreover, differences in nutrient use
efficiency could aiso be partly attributed to the higher
harvest indices in the short-stemmed cultivars as
compared to the tall ones.

There were significant differences among cultivars
within groups in total biomass nutrient use efficiency of
all elements in both cropping cycles (Table 7). However,
differences among groups were significant only for Cain
the first oycle and for N in the sscond cycle. in both
elements, the tall cullivars had the lowest values. Thus,
the large top biomass in tall cultivars did not result in
better nutrient Lise efficiency as compared with short-
stemmead cultivars.
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TABLE 3. Rootyield (t ha’ dry weight) of tall, medium and short cassava, Harvests were made at 2, 4,

6 and 10 months after planting

Cultivar 1994/1985 1995/1986

2 4 6 10 i 4 6 10
Tall
CG402-11 0.01 08 1.5 8.2 0.1 08 54 14.8
CM4574-7 0.0 19 340 13.8 0.01 16 59 15.2
MBra 110 0.01 1.6 23 10.5 0.01 0.9 41 12.3
M Mal 48 0.02 22 4.1 14.4 0.02 21 71 19.9
M Par 51 0.01 1.6 24 87 0.01 1.2 50 86
Avg. oo 16 27 11.3 0.01 1.3 55 14.1
LSD 5% {Duncan) for cultivars 0.01 0.4 06 18 .01 04 1.9 27
Medium
CM507-37 X6y 1.7 28 1186 0.02 1.4 5.8 13.2
CM 2766-5 0.01 1.7 20 101 0.1 1.3 4.9 10.0
CM4720-4 0.03 35 3.8 13.3 0.03 2.7 9.3 12.6
CM 32094 0.01 23 33 10.4 0.01 14 5.8 1.3
5G 107-35 0.02 26 3.1 a.8 004 29 8.6 12.5
Avy. ¢z 23 29 11.0 0.02 18 8.5 1.7
LSD 5% (Duncan) for cultivars 0.01 0.5 0.9 20 0.01 0.4 18 28
Short
CG 11411 G 26 4.0 15.0 0.01 16 6.2 10.3
CG1420-1 0.01 22 28 986 0.01 1.8 8.6 8.3
M Coi22 0.01 2.2 2.7 97 0. 1.9 54 7.3
M Bra 860 0.0 23 28 8.3 0.01 1.4 55 86
56 536-1 0.0 1.8 26 87 0.01 0.6 43 96
Avg. 0.01 2.2 28 10.3 oM 15 586 88
LSD 5% (Duncan) for cultivars NS (.6 09 1.5 NS 0.8 1.7 20
LSD 5% (Duncan) for groups of
cultivars 0.01 0.50 NS NS 0.01 086 NS 27

NS = Not significant at 5%
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TABLE 4. Nutrient uptake (kg ha} in top biomass at 10 months after planting of tall,

medium and short cassava

Cultivar 1994/1995 1995/1996

N P K Ca Mg N P K Ca Mg
Tall
CG402-11 80 8 39 29 13 106 13 64 41 19
CM4574-7 65 7 M 25 12 53 8 37 20 1
M Bra 110 75 6 46 25 13 M 14 68 45 22
M Mal 48 69 6 31 23 12 88 12 60 36 19
M Pan 51 45 4 N 19 8 43 6 32 20 10
Avg. 67 6 38 24 12 80 1 B2 32 16
LSD 5% (Duncan}for cultivars  14.9 1.3 11.5 59 29 235 29 143 82 45
Medium
CM507-37 44 4 17 15 10 49 7 39 22 12
CM2766-5 33 3 16 13 7 3 4 20 14 7
CM 47294 49 5 3 17 10 57 8 K 30 15
CM 32984 30 2 23 1" 5 45 6 32 23 12
85G107-35 43 4 20 13 7 45 6 31 2 1
Avg. 40 4 21 14 8 45 6 32 22 1"
LSD 5% (Duncan)for cultivars ~ 10.0 0.9 8.2 33 13 95 1.4 7.7 46 25
Short
CG 11411 40 3 19 16 8 2 3 14 11 5
CG1420-1 27 2 17 1 6 23 3 14 10 5
M Cel 22 3 3 15 15 7 21 3 13 10 5
M Bra 900 35 3 17 13 5] 3N 4 21 18 8
SG 536-1 35 3 23 15 5 43 5 27 24 1
Avg. 34 3 18 14 6 28 4 18 15 7
LSD 5% (Duncan) forcultivars 10.4 0.9 5.2 33 13 7.9 0.9 46 39 1.7
LSD 5% (Duncan) for groups of
cultivars 1.2 1.1 114 4.5 2.0 15.9 2.0 102 66 33

29
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TABLE 5. Mutrient uptake (kg ha')in root blomass at 10 months after planting of tall,
medium and short cassava

Cultivar 1894/1995 1895/1996
N P K Ca Mg N P K Ca Mg
Tall
CG402-11 33 8 35 7 5 43 13 61 g 10
CM 4574-7 41 g 51 12 8 41 12 82 K 11
MBra 110 51 2] 44 8 6 37 10 53 7 a
M Mal 48 74 11 59 12 9 58 18 85 12 14
M#Pan 51 ™ 7 23 7 5 24 7 K 7 7
Avg. 50 8 44 9 7 41 12 60 9 10
LSD 5% {(Duncan) for cultivars 126 1.8 8.5 37 21 7.7 2.2 1185 18 19
Medium
CM507-37 43 8 47 12 9 B 1 55 9 9
CM2766-5 55 7 52 g 6 28 8 42 7 7
CMA4729-4 67 M 64 10 8 38 10 53 8 g
CM 32994 88 9 48 9 7 29 8 43 8 7
SG107-35 48 8 54 8 8 36 M 51 & 9
Avg. 56 8 53 10 7 34 10 49 & 8
LSD 5% (Duncan)for cultivars 113 186 168 38 23 109 30 157 24 28
Short
CG 114141 78 10 56 13 10 28 8 45 8 8
CG 142041 80 8 47 9 8 25 7 35 5 6
M Col 22 53 7 32 12 8 33 7 34 6 6
M Bra 800 58 7 49 8 7 40 8 41 9 8
3G 536-1 45 8 36 12 7 45 g 45 8 8
Avg. 59 8 44 1 7 34 8 40 7 7
L8D 5% (Duncan)for cultivars  18.8 20 124 28 25 7.3 1.7 91 18 16
LS80 5% {Duncan) for groups of
cultivars NS NS NS NS NS NS 22 113 18 19
N§ = Not significant at 5%
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TABLE 6. Nutrient use efficlency for root production at 10 months after planting (kg dry wt kg™ total
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TABLE 7. Nutrient use efficiency for total biomass production at 10 months after planting (kg dry wt kg
total nutrient uptake) of tall, medium and short cassava

Cultivar 1994/1985 1995/1996

N P K Ca Mg N P K Ca Mg
Tall
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