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4 ABSTRACT

A 2wy fleld trial was conducted at CIAT experimental station al Santander de Guilichao, Cauca, Colombia, to study the
effects of profonged water stress on cassava (Manihot esculenta Crantz) productivity and on nutnient upiake and use efficiency.
Four contrasting culfivars, CM 56G7-37, CM §23-7, M Col 1684 and CMC 40, were used with adequate fertifization and watering,
except whan water was excluded by covering the soil with plastic sheeis from 2 fo & months afler planiing {early stress), from
4 fo 8 months after planting {mid-season stress) and from 6 to 12 months after planting flerminal sfress). Seguential hervests
were made al 2, 4, 6, 8 and 12 months after planting 1o determine LAI fop and roof blomass production. At final harvest, N,
P, K, Ca and Mg uplake in fop and roof biomass was determined. During both early snd mid-season walor siress, LAI top and
roof biomass were significantly reduced in aff cultivars. After recovery from stross, LA! was greatly enhanced wilh Isss dry
matter alfocated to stems and at final harvest root yields approached those i the controfs. One cultivar, CMC 40 had greafer
final roof yield under both stress treatments. Nulrient uptake in roof and fop biomass was significantly lower in early stress
treatment in all cultivars resulting in higher nutrient use efficiency for root and total biornass production. Under mid-season
waler stress, only P and K uplake was lower, resulting in higher use efficiency of these two elements. Neither LAI nor top
bicmass was significantly affected by terminal stress, while roof vield was lower in ol cuitivars except CMC 40 whose final root
vield was significantly greater under stress. Nitrogen uptake was greater in roof but lower in top biomass of all cultivars under
terminal stress resulting in lower N use efficiency for fotal biomass production. CMC 40 was the only cullivar with consistently
greater use efficiency of P, K, Ca and Mg for both root and toiaf biomass production under terminal water siress.
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COMPENDIO

DIFERENCIAS GENOTIPICAS EN PRODUCTIVIDAD, ABSORCION, EFICIENCIA EN EL USO DE
LOS NUTRIENTES EN YUCA INFLUIDA POR EL ESTRES HIDRICO PROLONGADO

El experimento se fev a cabo en CIAT Santander de Quiichao, Cauce Colombia con cuatro cultivares {OM 507-37, CM
823-7, MCof 1684 v CMC 40, se empleo un disednio de blogues &l azar con cualre fratamientos y cualre repeticiones. Los
tratamientos corresponden a fres épocas de induccitn de estrés despuds de la siembra: temprano (2-8 mases), medio (4-
8 meses], terminal (6-12 meses) y ef conirol. Los lratamientos esirés temprana y medio presentaron reduccion significative
en el Indice de drea foliar {IAF), Ia produccién de biomasa de Iz parte adrea y en la rajz; af suministrar riego, los cultivares
s& recuperaron y aurnenit af IAF, se produjo menos materia seca en talios v of rendimiento de raices alcanzé ef def control;
el mayor rendimiento Jo presentc ia CMC-40. Los cultivares presentaron una absorcidn de nutrientes significativamente
menor en of estrés lempranc y por ende un mayor uso eficiente (UE) de nuirientes.  E! tratarniento esirds medio, presenté
una menor absorcion de Py K, Io que dio como resultado un mayor U de estos dos elementos. El tratamiento estrés tardio
no presentd efactos sobre ef JAF ni la produccidn de biomasa en la parle aérea, mientras que el rendimiento de raices fue
menor en fodos los cultivares exceplo para CMC 40 cuyo rendimiento final fue significativamente mayor bajo condiciones
de estrés. La absorcidn de N fue mayor e las raices y menor en Ia parte adroa en o estrés terminal, con un menor UE del
slementc. CMC 40 fue of Gnico cultivar que presents un UE mayor de P, K, Ca y My en las raices y la parte aérea de la planta,
en ©f estrés ferminal.

Palabras claves: Yuca; Manihot escuienta ; IAF, Absorcién de nutrientes ; Produccidn de raices ; Estrés de agua.
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INTRODUCCION

In the tropics, and in absence of production
constraints, potential productivity of cassava (Maniho!f
esculents Crantz) compares favorably with other major
staple food and energy crops. Assuming one crop per
year, cassava produces more calories per unitland than
maize, sorghum and rice (El-Sharkawy, 1883).
Experimental dry root vields, during 10 to 12 months,
that were greater than 20 1 ha* and tolal dry biomass
greater than 30 tha were reported for several improved
cassava cultivars under rainfed conditions with 3 to 4
months dry period in the Patia Valley, Cauca, Colombia
{El-Sharkawy et al, 1990). High solar radiation (22 MJ
m? day'), high atmospheric humidity (70%) and high
mean annual temperature {28°C) were characteristics
of this valley. Ramanujam {1880}, also reported similar
yields under irrigation in Kerala State, India. Af this
level of productivity, cassava extracts large amounts of
nutrients from the soil that can excesd 150 kg ha'
nitrogen (N}, 25 kg ha'! phosphorus (P}, 180 kg ha”
potassium (K}, 100 kg ha"* calcium {Ca) and 30 kg ha'!
magnesium (Mg} {Howeler and Cadavid, 1983; Ghosh
stal, 1989; Howeler, 1991, 1884; Rhodes, 1885, Pellet
and El-Sharkawy, 1887).

Although leaf litter that can exceeds 3 dry t ha”' per
yaar does contribute to the recycling of a significant
amount of the total nutrient acocumulated in biomass
(Petllet and Ei-Sharkawy, 1897}, the major portion of the
absorbed nutrient are remaoved with the harvested storage
roots and with the above-ground biomass. Harvested
roots alone can export up to 67% of total absorbed K,
45% of P, 38% of N, 23% of Mg and 14% of Ca (Pellat
and El-Sharkawy, 1997). Most cassava producers sither
burn or use the above-ground paris (stems and leaves)
for animal feed and for fuel. Under these management
practices, and with conlinuous cassava cultivation
without fertilizalion, both soll fertility and cassava
productivity decline over time (Howeler, 1881; Cadavid
et al, 18398). To maintain solt fertility and, hence,
productivity, annual applications of chemical fertifizer and/
or ¢rap residues are required {Cadavid et al, 1988). Shoit-
and long-term fertilization trials In various types of soils
in Colombia have shown remarkable cassava responses
to chemical fertilizer application and to mulch with plant
residues {(Howeler and Cadavid, 1996; Howeler, 1991;
Pellet and Ei-Sharkawy, 19¢3 a, b, 1897; Cadavid et al,
1098).

in stressful environments (i.e. low-fertility soils and/or
prolonged water deficits), cassava reduces its total
hiomass production but maintains reasonable root yields
{Cock and Howeler, 1878, Connor et al, 1981; EL
Sharkawy and Cock, 1887, Cock and El-Sharkawy,
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1988b; Yao et al, 1988; El-Sharkawy etal , 1992, Hershey
and Jennings, 1892, El-Sharkawy, 1993; de Tafuret al.,
1887 a, b).

Under these conditions cassava shifts dry matter
allocation towards the slorage rools and, hence,
increases the harvest index (harvesied rootsiiotal
hiomass). In this case, the reduction in dry matter
production is ofien more pronounced in top biomass as
compared to the storage roots {Connor et al., 1881; El-
Sharkawy and Cock, 1987; Yac el al, 1988; El-Sharkawy
etal. 1992; Iglesias ot al., 1996). This response might
imply that nutrient use efficiency {expressed as the
amounts of biomass produced per unit of nutrent
exiracted) is probably greater in the stressful
environments as compared with favorable ones. Asmost
of cassava production in the tropics ocours in low-fertility
soils by resource -limited farmers, optimizing productivity
per unit nutrient absorbed should be favored against
maximizing vield. Toachieve this goal, breeding strafegy
should be designed to selact for thoss genotypes that
are more efficient in nultient use in low-fertility soils and
also respond to ferilization (Hershey and Jennings,
18582). The advantages of a such sirateqy are the
stabilization of productivity without increasing pressures
on limited natural resources and the insurance of high
sconomic retums from applied fertiltzer (El-Sharkawy,
1983). Peliet and El-Sharkawy (1883b, 1987) found
genetic differences in nutrient uptakes and uss efficiency,
particularty of P and K, under non-limiting rainfall and
irrespective of fertilizer application.

Information on genetic differences in nutrient uptake
and use efficiency of cassava under prolonged water
deficit are scarce. Therefore, the objactives of this work
were 10 sfudy the effects of water deficit stress imposed
at various stages of growth of four contrasting cassava
cuitivars on {1) growth, vield and biomass production,
and on {2} nutrients uptake and use efficiency.

MATERIALS AND METHODS

Plant materials, experimental site and
experimental design

The cultivars CMB823-7 (ICA Catumare), CMC 40, M
Col 1884 and CM 507-37 were used in a 2-year field
frial. CM 523-7 and CMC 40 are commercial varieties
with intermediate branching habit, whereas M Col 1684
ta commercial variety} and CM 507-37 (advanced CIAT
breeding line) have early-branching habit. Mature stem
cuttings, 0.2 m long, were selected each year from welk-
fertifized 10-month cld mother plants which were grown
on well-drained soils for production of propagation
materiais. The lower one-third of woody stems was used
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for cuttings which were soaked for 10 min in a fungicide-
insecticide zinc-sulfate solution before planting
{(Veltkarmp, 1885). On 22 May 1981 and on 7 May 1992,
the cuttings were planted verticalty on ridges at 1 m x
0.8 mto give a population density of 12,500 plants ha',
The triat was conducied at the CIAT Experimental Siation
at Saniander de Quilichao, Cauca, Colombia {lat. 3°06'N,
ieng. 76°31°W, altitude 950 m, mean annual temperature
24°CY, The experimental site was under fallow and maize
during the 2 preceding years. Before planting, the land
was prepared by a disc plough in two directions and
then was ridged at 1 m distance. The soil is classified
as Inceptisol (FAQ system) with clayey texture (about
1% clay, 25% silf and 4% sand).

it had a pH (H,0) 0f 4.5, 279 mol C kg™ (dry soil} and
041,018, 0.4, 1.80, 8.50, 3.70 and 8.58 mmol kg {dry
soil) of NH,, NO,, P. K, Ca, Mg and Al, respectively.
One month affer planting, 50N, 44 P, 84 K kg ha'in
1991 and 25 N, 22 P, 42 K kg ha' in 1992 were band-
applied in the form of a compound N, P and K fertilizer
at 10: 8.7 16.7. In both growing seasons, 500 kg ha!
oflime (20% CaCO, and 12% MgCO, ) were incorporated
before planting.

The experiment was laid outin a8 plit-plot design with
four replications and the main plots were assigned to
water reatments and the sub-plots to cultivars. The
size of the subplots was 64 mi,

Water treatments

The water regime consisted of four treatments. (1) Well-
watared control, where the raintall was supplemented
with irrigation whenever there was water deficit {folal
irrigation was 460 mm in 1981/82 and 480 mmin 1982/
93); (2) earty water stress that was initiated at 2 months
after planting by covering the soil with white plastic
shsets {caliber 8} and terminated at 8 months after
planting; (3} mid-season water stress that was initiated
at 4 months after planting and terminated at 8 months
after planting; (4) terminal water stress that was initiated
at 8 months after planting and remained until the final
harvest at 12 months after planting. In treatments {2}
and {3}, the plants were allowed to recuperate after the
termination of water stress for the rest of the growing
cycle with normal rainfall and supplementary irrigation
whenever there was water deficit, For reatment (2), the
supplementary irrigation was 495 mm in the 1991/92
season and 320 mmin the 1992/93 season. Whereas
the supplementary irrigation for treatment (3) was 545
mm in the 1991/82 season and 430 mm in the 1992/93
season.

in gl water treatments, the soil was al field capacity
before initiation of strass. The plastic sheets wers always
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checked for defects and leaks during the stress period
and the water was swept manually within the shoriest
poasible time after rainfall.  Soll water content was
monitored reguiarly with a neutron moisture meter at
0.2 minterval to & depth of 1.8 min two access aluminum
tubes within each plot. Meteorological data during the
two growing seasons are presented in Table 1. In the
1991/82 season, the total rainfall was 1445 mm and
pan evaporation was 1544 mm; whereas in the 1992/93
season, the iotal rainfall was 1323 mm and pan
evaporation was 1818 mm. Inthe 1991/02 season rainfall
wasg less than evaporation in June, July, August and
December 1981 and in January and March 1992, Inthe
1992/93 season, there was walter deficlt from June to
October 1992 and in February 1993,

Biomass and nutrient uptake determinations

Five sequential harvests of 8 protectad plants per plot
were made at 2, 4, 6, 8 and 12 months after planting in
both growing seasons. Harvested plants were separated
into leaves, petiols, stems and storage roots.

Fallen leaves were not included in biomass
determination due o difficulties In collection during
rainfall, hence, both tofal biomass and nutrient uptake
were underestimated in this case. Samples of the
various plant parts were chopped into small pieces and
oven-dred at 75°C to a constant weight to determine
dry matter. Subsamples of the dry matter of the different
plant parts were ground through a 40-mesh screen Wilay
laboratory mill. The nutrient contents of samples were
determined according to Salinas and Garcia {18858) 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 auloanalyzer,
K, Ca and Mg were determined by atomic absorption
spectrometry. The nuirent uptake was calculated on
hasis of unit dry matter of harvested biomass and then
was converied to kg nutrient ha'.

Leaf area index {LAl) was determined at each harvest
using a 20-ieaf sample from different canopy levels; its
area was determined and then oven-dried to obtain
specific ieaf dry weight. The total dry weight of lsaves
from each harvest was converted fo leaf area using the
sample specific leaf weight (Veltkamp, 1685}

Resuits and discussion

Response to early water sfress
Leaf area index (LAl and biomass production

in both seasons, LAl was significantly smaller undar
water stress, with significant differences among cullivars
{Tabie 2, harvests at 4 and 6 months). CM 507-37 and
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TABLE 1. Mean monthly meteorological data at Santander de Quilichao during
the 199111992 and 1992/1993 seasons

Rainfall Pan evaporationSolar radiation Temperature {*C)
Month {mm) {mm) {MJ m-%) Max. Min. Mean
1991/1992
May, 1881 147 122 493 24.2 19.5 241
June 52 116 521 29 19.2 245
Juty 38 116 530 299 18.1 241
August 8 121 528 204 16.4 24.3
September 152 151 811 30.8 18.0 248
October 1681 136 544 209 17.8 237
November 190 110 417 29.0 18.6 234
December 116 128 513 298 185 244
January, 1892 66 146 537 300 18.2 248
February 181 129 449 303 18.8 244
March 68 145 498 313 19.2 252
April 194 125 450 300 19.0 24.6
1992/1993

May, 1882 174 120 446 298 193 244
June 41 123 479 302 184 251
July 56 133 522 29.8 17.0 245
August 24 139 4685 310 i7.4 25.2
September 88 135 501 00 18.0 244
October 77 133 496 29.7 181 243
November 134 120 430 241 18.1 234
December 129 119 478 295 18.9 241
January, 1933 ™ 137 533 296 18.1 241
February B6 117 441 298 18.71 24.0
March 121 123 455 22.8 18.4 238
April 252 120 480 29.4 18.8 23.7

Ch 523-7, showed higher LAl as compared to CMC 40
and M Col 1884, The reduction in LAl under slress is
known 1o be due, mainly, to restricted leaf formation
and smaller leaf size (Connar and Cock, 1881; Porla,
1983; El-Sharkawy and Cock 1987 Cock and El-
Sharkawy, 1988b; Yao el al, 1888), Connor and Cock
{1881} and El-Sharkawy et al (1982 reported less leaf
fall under stress as compared to well-watered plants.
Two months after recovery from stress {Table 2, harvest
at 8 months), LAl in previously stressed plants was
generally higher than in the controls with significant
differences only in the 1982/93 season. CMC 40
consistently showad significantiy higher LAl in previously
stressed plants in both seasons. However, in this cultivar
LA declined rapidly at 8 months in absence of water
stress in both seasons. Alfinal harvest (2t 12 months),
however, LAl in the controls were generally higher than
in the previously stressed plants in all cultivars.

12

Top biomass {excluding fallen leaves) was also
significantly smaller under stress, with significant
differences among cultivars (Table 2}. Differsnces among
cultivars were more pronounced at 8 months after planting
in both seasons. Under prolonged water siress, the
cassava plant tends o restrict its top growth while
increasing the proportion of dry matier allocated to
storage rools (Connor et al, 1981; Cock and EFSharkawy,
1988k, E-Sharkawy et al, 1892). Contrary to LAl top
biomass remained significantly lower during the recovery
phase from siress up to finat harvest in all cultivars and
in both seasons (Table 2, harvests at & and 12 manths).
This indicates that cassava plant tends to increase leaf
canopy formation after recovery from stress with lass
dry rmatter allocated to stems, hernce enhancing leaf
area rafio (E-Sharkawy and Cock, 1987; El-Sharkawy
et gl, 19921, Reducing dry matter allocation to stems
reflects favorably on increasing the harvest index m
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Table 2. Response of cassava root yield, top biomass and leaf area index {LAH to early water stress
{2-6 months after planting). Harvests at 2, 4, 6, 8 and 12 months after planting

Cultivar Water 1691/1992 189271893
Stress? 2 45 6 8 12 2 4h g* 8 12
Root yield {t ha” dry wi) Root yield (t ha"' dry wt)
CM 507-37 - 0.01 14 6.8 12.1 16.2 oot 10 586 87 120
CM 507-37 + 0.01 1.7 4.1 85 12.0 001 08 24 4% 101
CM523.7 - 0.01 18 7.0 108 144 a1 14 87 100 134
CM 58237 + 001 1.0 43 7.8 138 001 08 1.7 42 W7
CMC 40 - 0.01 2.2 86 4.0 100 001 24 6.5 7.7 8.8
CMC A0 + 0.01 1.7 47 83 122 001 14 2.3 48 86
MCol 1684 - 0.0 15 7.9 12.7 14.3 00t 12 BB 94 129
MCol 1684 + 0.02 1.9 4.7 8.8 11.7 601 09 27 55 88
L3S0 5% (Duncan) 0.01 0.4 1.3 2.3 2.2 NS® 03 09 1.1 2.9
Mmi&iszxm&ﬂm‘ m WMTU biomass {tha'd wt}m
CM 507-37 - 0.36 0.24 4.7
CM 507-37 + 042 1 .Q ‘1.1 3.2 2.8 0.20 1,8 1.7 3.€} 25
CM 5237 - 040 2.5 59 6.4 6.1 042 24 51 44 45
CM 8237 + 042 2.0 0.8 34 4.3 0.34 1.7 14 25 40
CMC 40 - 0.43 26 7.1 8.6 2.0 034 26 498 45 848
CMC 40 + 042 1.8 2.2 4.0 4.5 .29 1.7 1.7 28 32
MCol 1684 - 0.42 23 57 58 6.2 015 23 33 34 37
M Col 1684 + 0.46 1.7 24 30 23 017 1.4 18 29 20
L3D 5% (Duncan) 012 0.4 0.8 0.8 1.7 6.1 04 07 1.6 0B
LA LAI

CMB507-37 - 08 3.3 4.4 13 30 04 24 33 07 240
CM507-37 + 07 1.8 1.0 1.7 0.9 03 18 09 18 08
CM523-7 - 0.9 24 4.6 20 1.8 8.7 22 33 1.3 1.8
CMB23-7 + 0.7 16 10 22 2.0 0.5 14 08 17 13
CMC 40 - 0.6 1.9 35 2.7 1.8 0.5 23 25 0.5 1.1
CMC 40 + 1.0 14 1.1 1.3 0.7 0.4 12 086 12 08
M Col 1684 - 06 1.9 35 1.7 1.7 0.3 2.1 2.2 0.8 1.5
MCol 1884 + 0.8 14 1.0 1.7 0.6 0.3 1.3 0.8 17 04
L&D 5% {(Duncan) 04 0.5 0.8 0.6 0.7 0.2 03 0.3 0.8 0.4

7L Without siress; [+) With stress.  Water was exgluded during 4 months perod starting at 2 months afier ptanting by covering Ha soil

with plasiic sheets.
b Harvests during water siress.
© NS = Not significant at 5%

previously stressed plants (Connor et al, 1981, Ei-
Sharkawy and Cock, 1987; El-Sharkawy et ai, 1892).
Such response may underlie the observed increase in
root yield in previously stressed vigorous cultivars such
as M Mex 59 (Connor et al, 1981). Furthermors, the
increase in LAl with less dry matter invested in stems of
praviously stressed cassava may defy the nolion of
optimum LAl for root preduction (Cock et al., 1979; Cock
and E-Sharkawy, 1988 a.b}.

Reoct yield was significantly reduced during stress in
both seasons, with more prongunced differences at 8
months after planting {Table 2). Differences among

cultivars were also significant. The storage roots in
cassava start to form 2 months after planting and from
this trial it appears that early stress adversely sffected
storage roots formation. Howsver, during the recovery
phase from stress, remarkable increases in root yield
accurred, particularly at final harvest (Table 2)

Reductions in root yield in final harvest due to stress
were significant only in M Col 1684 in both seasons and
in CM 507-37 in 1881/82 season. Noteworthy, stressed
crop of CMC 40 outyielded the control at final harvestin
1991/892 season. These results imply that early strass,
after crop establishment, may not adversely affect the

13
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overall reot production provided that favorable watering
conditions prevaill during the rest of the growth cycle,
Tha practical implication of this observation is that cassava
could be successfully planted toward the end of a rainy
period without large yield losses in regions with bimodal
rainfall distribution. This plasticity in crop growth should
reflect favourably on spreading planting dates across
the season to meet variable market demands for fresh
as well as processed cassava.

Nutrient uptake

Table 3 summarizes the total nutrient uptake in roois
and top biomass at final harvest (12 months) in the two
growing seasons. With the exception of N, nutrient
uptake in root biomass was significantly smaller for P,
K, Caand Mg due to water stress In maost of the cultivars,
The largest amounts of uptake wers for K followed by N
with less uptake for P, Ca and Mg. There were also
significant differences in nutrient uptake among culfivars,
irrespective of water treatments in both seasons,
particularly in N, P and K. Differences in Ca and Mg
uptake wera much smaller and insignificant in most of
the cases, These results confirm other reporls on

nutrient uptake of cassava {Howsler and Cadavid, 1883,
Howseler, 1985, 1991, 1594, Ghosh et al, 1989; Olasantan
et al, 1994; Rhodes, 1985; Pellet and El-Sharkawy,
1997}

With the exception of Ca in 19892/93, water stress
significantly reduced nutrient uptake in top biomass with
significant differences among cultivars (Table 3). Contrary
to roots, the largest amounts of uptake in top biomass
occurrad with N followed by K. Amounts of P uptake in
top biomass were similar ta those in roots. On the olher
hand, much larger amounts of Ca and Mg were
accumulated in top biomass as compared to those in
roots. trrespective of water treatment, differences among
cultivars were consistently significant for all nutrients,
axcapt P which showed the smallest variations. Similar
findings were recently reported by Pellet and El-
Sharkawy (1997).

Nutrient use efficiency

In 1881/92 season, nutrient use efficiency in terms of
root biomass production was significantly greater due
towater stress (Table 4). In 1882/83 season, differences
due to stress were variable and were significant only for

Table 3. Nutrient uptake in roots and top biomass of cassava at 12 months after planting
as affected by sarly water stress (2-6 months after planting)

Water
Cuitivar Stress® 1591/1992 1992/1993
N P K Ca Mg N P K. ..Ca Mg
Roots (kg nutrient had) Rouots (kg nutrient ha'')
CM 507-37 - 56 13 74 5 8 24 w70 15 7
CMB07-37 + 48 7 56 5 8 31 7 60 & 7
CMB23-7 - 49 12 75 7 9 30 12 69 12 8
CM523-7 + 59 9 58 3 8 42 9 72 6 6
CMC40 - 31 8 75 5 8 17 8 94 8 9
CMC 40 + 47 7 55 4 8 20 5 85 4 5
M Col 1684 - 46 8 77 6 8 23 8 77 9 7
M Col 1684 * 41 8 48 3 6 28 8 52 8 5
LSD 5% (Duncan) 7.7 27 15.8 1.8 1.8 14 24 178 40 24
Top Bomass {kg nutrient ha') Top biomass (kg nutrientha)
CM507-37 - 125 18 55 46 28 51 7 2% 23 15
CM507-37 + 44 5 18 23 1 28 4 13 26 8
CM523-7 - 8 10 46 37 2z 55 7 41 24 12
CM&23.7 + 70 7 23 30 15 45 B 25 25 9
CMC 40 - 101 12 43 45 34 43 8 30 26 16
CMC 40 + 53 5 20 29 16 3 4 20 22 9
M Col 1684 - 93 12 44 54 30 A7 5 23 27 14
M Col 1684 + 37 3 1 24 10 18 2 g 25 g
LSD 5% {Duncan) 2356 29 10.4 8.5 8.0 12.5 16 69 47 23

@ (-) Without stress; {+} With stress. Water was excluded during 4 months period starting at 2 months sfter planting by covering the soi

with plaslic sheels,
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Table 4. Nutrient use efficiency for roots and tetal biomass production of cassava at 12 months after
planting as affected by early water stress (2-6 months after planting)

Water

Cultivar Stress® 1991/1992 1892/1993

N 54 K Ca Mg N P K Ca Mg

Roots (kg dry wt kg total nutrient Roots (kg dry wt kg total
uptake) nutrient uptake)
CM507-37 - B9 578 126 317 450 160 705 125 413 545
CM507-37 + 130 968 167 428 631 171 918 138 316 673
CM523-7 - 104 853 119 326 463 154 689 118 364  B55
CM 5237 + 107 859 170 417 598 135 837 121 arg 651
CMC 40 - 75 498 84 185 237 184 614 79 289 393
CMC 40 + 122 1013 162 368 506 166 954 101 330 614
M Col 1684 - 103 717 118 239 377 186 995 129 359 618
MCol 1684 + 150 1062 198 433 730 186 1101 144 284 801
LS80 5% {Duncan) 22 147 24 N a8 44 158 23 115 103
Total biomass (kg dry wt kg™ total Total biomass {kg dry wi kg total
nutrient uptake) nutrient uptake}

CMB07-37 - 133 862 167 473 670 215 946 168 555 731
CM507-37 - 161 1233 205 528 778 214 1149 173 395 843
CM523-7 - 149 932 169 466 661 207 927 160 489 881
CM523-7 + 40 128 223 547 785 180 1121 162 506 872
CMC 40 - 144 948 161 372 482 278 1044 135 491 668
CMC 40 + 167 1388 222 505 654 23 1311 139 44 843
M Col 1684 - 148 1027 170 342 540 237 1275 166 461 790
M Col 1684 * 180 1275 238 519 876 241 1354 178 349 985
LSD 5% (Duncan} 22 161 23 a7 101 53 195 25 126 107

® ) without siress; (¥} With stress. Water was excluded during 4 months period starting at 2 months after planting by covering the soif

with plastic shesats

P and Mg. The differences among cultivars were also
significant, irrespective of water treatment, The increase
in nutrient use efficiency under stress was mainly due
to the larger redustion in top biomass, and hence less
nutrient uptake, as compared to roots {Tables 2 and 3.
tin mostof the cases, root production at final harvest did
not vary significantly with water freatment (Table 2). Thws,
with less total nutrient uptake under siress, cassava
was capable of producing comparable vields regardiess
of water treatment. This finding is of paramount
importance for cassava production sysiems where
resource-imited farmers rarely apply fertilizer and whera
most of cassava production oceurs in low-fertility soils
(El-Sharkawy, 1893).

As with roots in 1881/92 seasan, nuirient use
efficiency in terms of tofal biomass production was
significantly greater due to stress (Tabie 4). There were
also significant differences among cultivars. In 18928/83
season, differences due to stress were variable and were
significant only for P and Mg. The apparent enhancement
in total biomass nutrient use efficiency under stress were
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due mainly to larger redugtions in top biomass, as
compared to roots, and hence to lower nutrient uptake,

Response to mid-season water stress

Leaf area index (LAl) and biomass production

Mid-season water stress significantly reduced LAl N
afl cultivars in both seasons (Table 5, harvests at 6 and
§months). Differences among cultivars were significant
with CM B05-37 and CM 523-7 maintaining larger LAl
than CMC 40 and M Col 1684, Atfinal harvestin 1991/
92 season {12 months} and after 4 months recovery
peried from stress, LAl of all cultivars was higherthan in
the controls. This indicates that cassava can recover
from a prolonged water stress imposed in the middle of
the growth cycle when normally peak LAl occurs.
However, in 1882/93 season LAl of previously stressed
ptants was not significantly different from the controls
except M Col 1684 with lower LAL Simitar findings were
reported for various cassava cultivars with different growth
habits (Connor et al, 1961; Ei-Sharkawy and Cock 1967,
Ei-Sharkawy et al, 1892,
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Table 5. Response of cassava root yield, top biomass and leaf area index {LAl)} to mid-season water
stress (4-8 months after planting). Harvests at 2, 4, 6, 8 and 12 months after planting

Cultivar Water 1991/1992 1992/1893
Stress® 2 4 6" g 12 2 4 6 @°= 12
Root yield {t ha* dry wi) Root yield {t ha” dry wt)
ChM507-37 - .01 1.4 68 121 182 0601 10 88 87 120
CM5B07-37 + 0.02 2.1 78 75 124 001 10 31 41 102
CM523-7 . 0.01 16 7.0 108 144 001 14 87 101 134
CM 523-7 + 601 1.9 59 8.0 138 001 18 33 55 103
CMC40 - o.M 22 8.6 g0 100 001 21 85 77 98
CMC40 + 0.0 31 7.2 75 118 001 25 47 66 122
MCol 1684 - .01 1.5 7.8 127 143 001 12 B5 24 129
MCol 1684 + 0.0z 24 78 80 138 oor 12 34 58 114
LSD 5% (Duncan) o 04 1.8 21 28 NS® 04 10 14 26
Top biomass {t ha dry wt) Top biomass (f ha dry wi}
CMB507-37 - 0.386 28 84 89 7.9 024 25 47 38 441
CMB07-37 * 041 34 44 3.7 586 028 26 35 28 55
CM523-7 - 0.49 25 5.9 6.4 6.1 042 24 851 44 45
CM323-7 + 048 25 38 3.4 6.0 0.46 28 249 25 44
CMC 40 - 0.43 26 7.1 8.6 8.0 034 26 49 45 69
CMC 40 + 0.47 29 36 3.8 6.2 030 24 23 25 54
M Col 1684 - 042 23 57 5.8 6.2 015 23 33 4 37
MCol 1684 + 0.46 25 3.4 2.5 4.6 0.24 22 22 21 34
LSD 5% (Duncan) 0.12 0.6 0.9 0.9 1.8 008 05 47 0g 08
LA LA}

CM 507-37 . 08 33 4.4 1.3 3.0 0.4 24 33 07 29
CM 507-37 + a7 38 2.1 0.2 34 04 268 17 08 18
CMb23-7 - o 24 456 20 18 a7 22 33 13 18
CM523-7 + 0.7 23 1.5 04 2.6 0.7 2.1 0.8 0.5 14
CMC 40 - 06 1.9 35 07 18 05 23 25 065 11
CMC 40 + 0.7 20 11 0.2 2.3 04 20 08 05 08
MCol 1884 - 0.6 1.8 35 1.7 17 0.3 21 22 08 15
MCol 1684 + 07 2.1 15 0.2 28 04 22 038 686 058
LSD 5% (Duncan) 0.2 0.8 07 0.5 0.7 018 05 03 05 04

® 13 Without stress; {+) With stress. Waler was excluded during 4 months pariod starting at 4 months after planting by covering the soi

with glastic shests.
% Harvests during waler stress,
¢ NS = Not gignificant at 5%

Top biomass {excluding fallen leaves) was also
significantly smaller under stress in both seasons, with
stanificant diffsrences among cultivars {Table 5). The
largest top biomass without stress occurred in CMC 40
in both seasons, as compared to other cultivars, Htis
noteworthy that such high top biomass did not coincide
with farger LAl in CMC 40. In 1991/92 season, top
biomass remained significantly smalier at final harvest
in previcusly stressed crops as comparad with the
controls. With the exception of CMC 40, differences in
final top biomass due to stress in 1892/83 were not
significant. The cultivar CM 507-37, however, showed
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significantly greater final top biomass in previously
strassed plants in 1992/93. El-Sharkawy et al (1992),
reported similar increases in final top biomass of plants
of CM 507-37 that were previously stressed for 105 days
initiated at 4 months after planting.

With the exception of CMC 40, dry root vield was
significantly reduced under stress in both seasons (Table
5). There were significant diffsrences among cultivars
in the unstressed crops at § months with CMC 40
showing the smallest vield, CM 507-37 had the smallest
vield under stress at 8 months in 1982/83 season. Al
final harvest, and after a period of 4 months recovery,
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the previocusly stressed crops had yields similar to the
controis in both seasons, the exception was CM 507-
37 in 1991/82 as it showed an extrermely high vieid in
the unstressed crop. Thus, as in early water stress,
prolonged mid-season water stress did not adversely
affect final root production due o the ability of cassava
plant to recover and compensate for yield losses during
stress.  Yield compensation in previously stressed
cassava can be explained, partially, by the enhancement
of leaf canopy development after recovery from sfress
as well as by the higher photosynthetic rates observed
in newly developed leaves of previously stressed crops
as compared to those in the controls (El-Sharkawy,
1993; Cayon et al, 18997). The new lsaves devselopad
after recovery from stress usually have higher nutrient
contents, particularly N, as compared {o those in
unstressed plants (Cayon et al, 1857). Moreover, greater
root-sink demand for photoassymilates in previously
siressed plants, as compared to the controls, may also
partly underlie yield compensation {Connor ¢t al, 1881;
El-Sharkawy and Cock, 1887 Cayodn et al, 1897).

Nutrient uptake

Cnily K uptake in finat roct biomass was significantly
lower due to stress in all cultivars in both seasons with
significant differences among cultivars in 1992/93 (Table
6). However, CM 507-37 had significantly lower roct P
uptake due to stress in both seasons. These findings
have some practical implications for cassava production
systems where soil fertilily is usually low In absencs of
fertilizer appiication. The removal of large quantities of
K {> 80% of total K uplake} in harvested rools would
isad o the depletion of this element under continuous
cassava cuitivation {Howeler, 1985, 1091, Pellet and E-
Sharkawy, 19897, Cadavideial, 1898}, Thus, inlermitient
water stress appears o be beneficial in reducing solf K
export without adverse effect on root production,

Nutrients uptake in top blomass tended to vary from
vear to year under stress with consistently lower uptake
of P and K in all cultivars only in 1991/92 (Table 6). It
appears therefore, that mid-season stress had less effect,
as compared lo early stress (Table 3), on nutrient uptake

Table 6. Nutrient uptake in roots and top biomass of cassava at 12 months after planting
as affected by mid-season water stress (4-8 months after planting)

Water

Cultivar Stress® 199111992 1992/1953

N P K Ca Mg N P K Ca Mg

Roots (kg nutrient ha ) Roofs (kg nutrient ha™)
M 507-37 - 58 13 74 5 8 24 @ 70 8 7
CM 507-37 + 41 9 51 3 3 21 8 57 5 5
CM5B23-7 - 49 12 75 7 9 30 2 &9 12 8
CM 523-7 + 60 10 55 5 7 25 & 56 e 6
CMC 40 - 31 8 75 5 B 17 8 % g 9
CMC 40 + 37 7 54 3 6 23 7 70 7 7
M Col 1684 - 46 8 77 8 8 z3 8 77 9 7
M Col 1684 + 48 8 81 8 7 29 7 80 6 6
L3S0 5% {Duncan) 108 27 16.5 2.1 1.7 87 19 168 41 25
Top biomass (kg nutrient ha') Top biomass (kg nutrient ha')

CM807-37 - 125 15 55 46 28 51 7 26 23 15
CMB07-37 + o 8 33 39 20 54 7 23 27 14
CM 523-7 - 2 10 46 37 22 55 7 A1 24 12
UM 5237 + 9 7 37 37 17 46 8 30 23 12
CMC40 - 101 12 43 46 3 43 8 30 26 18
CMC 40 + 80 7 31 35 19 39 5 2 19 13
M Col 1684 - 93 12 44 54 30 47 5 23 27 14
M Col 1684 + 83 7 32 45 19 39 4 2 25 11
LSD 5% (Duncan) 234 2.8 9.6 9.6 8.0 8.9 1.2 686 38 240

7 L) Without stress; (+) With stress. Water was excluded during 4 monihs period stanting at 4 months after planting by covering the soil

with plastic sheets.
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in top biomass. It is known that the major portion of
nutrient accumulation occurs at 3-4 months after planting
(Howeler and Cadavid, 1983); thus, water stress beyond
this plant age would be less effective in reducing nutrient
uptake.

Nutrient use efficiency

Only P and K use efficiency in terms of root biomass
production was significantly greater due to stress in most
of the cultivars In both seasons {Table 7). Differences
among cultivars were also significant, irrespective of water
treatment. The highest P use efficiency under stress in
bath seasons was found in CMC 40 and M Col 1684.
With regard to changes in K use efficiency for root
bicmass production under stress, CMC 40 had also the
highest increase. This cultivar consistently had higher
root yield under slress, as compared fo the control, in
both seasons (Table 5. Because of its extremely lowK
use efficiency in absence of water stress, as compared
to the other cultivars, it would be advantageous fo grow
CMC 40 in regions where intermittent stress prevails,

Under unstressed conditions, however, other cultivars
would be more beneficial in terms of K uss efficiency.

As with root, P and K use efficiency for iotal biomass
production was consistently enhanced under water
stress in all cultivars in both seasons (Table 7},
Differences among cultivars wera also significant,
regardless of water reatment. Changes in use efficiency
of other nutrienis were inconsistent among cultivars and
among seasans for hoth root and total biomass
production {Table 7).

Response to terminal water stress
Leaf area index (LAI) and biomass production

Prolonged terminal water stress imposed at 6 months
after planting, when LAl already had reached its peak,
did not significantly aHect LAl in most of the cases in
hoth seasons {Table 8), Withou! stress, LAl decreased
rapidly after reaching its peak at 6 months after pianiing.
At this stage of growth, few new leaves are formed and
leaf fall increases {Connor and Cock, 1881}, Water

Table 7. Nutrient use efficiency for roots and total blomass production of cassava at 12 months after
planting as affected by mid-season water stress (4-8 months after planting)

Water

Cultivar Stress” 19911992 1992/1963

N P K Ca Mg N P K Ca Mg

Roats (kg dry wt kg total nutrient Roots (kg dry wt kg fotal nutrient
uptake) uptake)

CM 807-37 - 89 578 126 317 450 160 705 125 413 545
CMB07-37 + g2 729 148 295 443 136 783 135 318 538
CM 5237 - 104 653 118 328 483 154 889 118 364 655
CM 523-7 + g9 g816 151 330 578 145 861 120 333 &74
CMC 40 - 75 488 84 195 237 184 614 79 289 383
CMC 40 + 102 851 140 313 478 196 113 182 468 608
M Col 1684 - 103 717 118 239 377 185 995 129 359 6186
MCol 1684 + 105 o904 146 261 522 167 1034 142 37 669
L5D 5% (Duncan) 24 149 25 B8 97 32 15 25 BG 105

Totat biomass (kg dry wt kg™ total Total biomass (kg dry wt kg total

nutrient uptake) nutrient uptake)

CM507-37 - 133 862 187 473 670 215 948 168 555 73
CM507-37 + 134 1061 216 429 644 200 1204 209 488 824
CM 523-7 - 149 932 169 466 661 207 g27 180 489 881
CM 523-7 + 127 1188 216 472 826 209 1230 172 476 820
CMC 40 - 144 849 181 372 452 278 1044 135 481 668
CMC 40 + 155 1295 213 477 725 279 1439 188 684 864
i Col 1684 - 148 1027 179 34z 540 237 1275 166 461 790
MCol 1884 + 141 1211 195 349 699 217 1341 184 476 868
LSO 5% (Duncan) 23 147 20 83 89 35 122 & 91 105

7 () Without stress; (+) With stress. Water was excluded duting 4 months period starting at 4 months after planting by covering the sol

with plastic sheets,

18
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Table 8. Response of cassava root yield, top biomass and leaf area index (LAl) to early water stress
(6-12 months after pianting). Harvests at 2, 4, 6, 8 and 12 months after planting

Cultivar Water 1851/1992 1992/1993
Stress® 2 4 6° 8" 12" 2 4 6 8 12"
Root vield {t ha' dry wt) Raoot yield {t ha* dry wi)
CM507-37 - 0.01 14 6.8 2.1 16.2 801 10 586 8.7 120
CM 507-37 + 0.01 20 8.7 10.0 114 001 08 50 g8 107
CM523-7 - (.01 1.6 7.0 109 144 001 14 67 100 131
CM523.7 + am 20 84 9.8 9.8 001 12 59 88 98
CMC 40 - 0.1 2.2 88 9.0 10.0 0.01 21 6.5 77 98
CMC 40 + 0. 28 114 125 15.4 001 26 61 104 137
M Col 1684 - 0.04 1.5 7.9 12.7 14.3 oM 12 55 94 129
M Col 1684 + 0.01 2.1 7.7 1.3 12.2 601 13 65 9.0 108
LSD 5% (Duncan) NS’ 04 18 24 2B NS© 03 11 12 32
Top biomass {tha* dry wt) Top biomass {t ha' dry wi)
CM 507-37 - 0.36 2.8 8.2 5.9 7.9 .24 25 47 3.8 441
CM 507-37 + 0.48 37 7.9 6.3 6.4 214 26 48 32 42
ChM 5237 . 0.40 25 59 B4 5.1 042 24 51 44 45
CM523.7 + 0,682 28 8.0 58 58 0.34 2.1 33 36 34
CMC 40 - 0.43 26 7.9 66 9.0 0.34 26 4.8 45 69
CMC 40 + 048 3.1 8.0 59 7.1 0.41 27 50 42 B3
M Coi 1684 - 042 23 57 58 6.2 0.15 23 33 34 37
M Col 1684 + 0.46 24 58 5.1 53 0.22 24 39 3.0 32
LS 5% {Duncan) 0.186 0.5 1.1 08 1.9 0.0o 04 08 1.0 11
LAI LAI
CM507-37 - 08 i3 4.4 1.3 30 0.4 24 33 07 20
CM507-37 + 0.8 38 4.5 1.0 1.8 0.3 26 34 07 17
CM5B23-7 - 0.9 24 46 2.0 1.8 0.7 22 33 13 18
CM523-7 + 1.0 28 39 1.6 1.3 0.6 2.2 27 8.7 10
CMC 40 - 0.6 1.8 35 07 1.8 0.5 23 25 8.5 11
CMC 40 + 07 25 32 0.8 1.5 0.6 23 25 04 09
M Col 1684 - 0.6 1.9 3.5 17 1.7 0.3 2.4 2.2 08 15
M Col 1684 + a7 19 i8 1.4 1.4 04 23 27 08 10
L8D 5% (Duncan) 0.3 0.8 0.7 08 08 0.14 04 05 05 04
& (L Without stress; (+) With stress, Water was excluded dunng 6 months period starting at § months after plarting ty cavering the soil
with plaslic sheetls.

b Marvests during water strass.
© NS = Not significant at 5%
stress may had enhanced teaf fall and further reduced the highest final top biomass occurred in CMC 40,
LAl in cultivars CM 507-37 and CM 523-7. Differences irrespective of water reatment,

among cultivars in LAl were apparent at this stage of
growth, irespective of water treatment. De Tafur et al
{1997a) reported significant differences in seasonal
average LAl between CM 507-37 and M Col 1684 under
terminal water stress, with the highest values in the
former cullivar,

Littte changes occurred in top biomass due to siress
in all cultivars in both seasons, but differences among
cultivars were significant (Table 8}). In both seasans,

With the exception of CMC 40, final root vield was
significantly smaller for the ather cultivars during water
stress in the 1891/02 season. In the 1992/93 season,
however, the only significant vield reduction was observed
with CM 523-7. Yields of the other cultivars were not
significantly affected by stress. In both seasons, CMC
40 had sigrificantly greater final vield under stress, as
compared to the control. This finding indicates that water
stress, whether terminal or intermittent, was
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advantageous in terms of root biomass production in
CMC 40, }tis also known that this cultivar has high leaf
photosynthetic rates under both humid (El-Sharkawy et
al, 1992} and seasonally dry environments (Ei-Sharkawy
et al, 1990). Because of this important frait and of its
remarkable performance under stress, it would be
beneficial io use CMC 40 as a genelic source in cassava
breeding programs for stressful environments,

Nutrient uptake

With the exception of CM 523-7, N uptake in root
biomass was significantly greater during terminal stress
in all cultivars in both seasons (Table 8). This may
indicate that N allocation within different plant parts was
shifted toward the storage roots under stress. Such
pattemn neither existed under early nor mid-season stress
{Tables 3, 6}.

For other mudrients, no consistent patterns of uplake
in root biomass were observed neither among cultivars
nor between water treatments. There were, however,
significant differences in P root uptake among cultivars
in absence of water stress (Table 8}

Contrary to root, N uptake in tep biomass tended to
decrease undsr stress in most cultivars in both seasons,
indicating changes in patierns of N allocation (Table 8).
In both seasens, P and K uptake also tended to decrease
during stress with significant differences only among
cultivars. Upltake of Ca and Mg in top biomass were
variable, although in some cases thers were significant
reductions due {0 stress.

Nutrient use efficlency

Although N use efficlency in root biomass tended 1o
decrease during stress in both seasons, differences were

Table 9. Nutrient uptake in roots and top biomass of cassava at 12 months after planting as affected by
terminal water stress {6-12 months after planting)

Water
Cultivar Stress® 1991/1992 1992/1993
N P K Ca Mg N P K Ca Mg
Roots {kg nutrient ha‘1) Reots (kg nutrient ha™')

CM 507-37 - 56 13 74 5 g8 24 0 70 6 7
CMB07-37 + 68 12 59 6 8 K\ 11 75 8 &
CM523-7 - 49 12 75 7 9 30 12 689 12 g
CM B823-7 + 51 10 55 4 5 30 7 59 6 4
CMC 40 - 3 8 75 5 8 17 8 o4 B g
CMC 40 + 53 11 84 7 g 32 G 105 10 7
M Col 1684 - 46 8 77 6 8 23 B 77 g 7
M Col 1684 + 66 10 e 8 7 3B 8 72 12 6
LSD 8% (Duncan) 12.8 3.0 20.2 20 18 83 24 204 44 25

Top biomass (kg nutrient ha™) Top biomass (kg nutrient ha)
CM507-37 - 125 15 55 46 28 a1 7 26 23 15
CM507-37 + 97 8 30 35 18 47 6 19 28 13
CM523-7 - 29 10 46 37 22 55 7 41 24 12
CM523-7 + 8 8 37 37 16 38 5 20 21 9
CMC 40 - 1 12 43 46 34 43 8 30 26 16
CMC 40 + 82 8 30 41 23 45 8 18 26 15
M Col 1684 - 93 12 44 54 30 47 8 23 27 14
M Col 1684 + 79 7 33 ! 18 36 4 17 25 i
LSD 5% {Duncan) 26.1 32 110 115 8.6 1.7 1.5 64 52 28

& {1 Without stress; {+} With stress. Water was exsluded during 8 months period starting at 8 months after planhing by covering the woil

with plastic sheets.

significant only among cultivars (Table 10), Only in CMC
40 in both seasons, P, K, Ca and Mg use efficiency in
root biomass was significantly greater under terminal
stress. This was apparently due to a higher root
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production (Table 8) rather than fo a lower nutrient uptake
{Table 8) under water stress. Thus, for this cultivar water
siress was obviously beneficial for root production as
well as for nutrient use sfficiency.
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Table 10. Nutrient use efficiency for roots and total biomass production of cassava at 12 months after
planting as affected by terminal water stress {6-12 months after planting)

Water

Cultivar Stress? 199141892 1992/1993

N P K Ca Mg N P K Ca Mg

Roots (kg dry wt i(g‘1 total nutrient Roots (kg dry wt kg™ total nutrient
uptake]j uptake)

CM 507-37 - 89 578 126 317 450 163 705 125 413 545
CMB07-37 + 69 542 He 278 438 141 888 124 325 o616
CM 8237 - 104 653 119 326 483 154 689 119 364 655
CM523-7 + 71 543 108 238 465 141 801 122 36 739
CMC40 - 75 498 B4 195 237 184 614 79 289 293
CMC4D + 11 BOg 135 320 481 178 856 1M1 381 623
M Cot 1684 - 103 717 118 239 377 185 995 129 358 618
MCol 1684 + 84 715 104 259 486 149 Bu4 1A 2490 631
L8O 5% {Duncan) 20 122 20 83 77 34 104 23 78 12

Total biomass (kg dry wt kg™ total Total blomass (kg dry wt kg total

nutrient uptake) nutrient uptake}

CM 507-37 - 133 862 187 473 870 215 a46 188 555 T3
CM507-37 + 108 849 182 435 685 192 938 170 443 839
CM B23-7 - 148 832 169 466 661 207 927 160 489 881
CM823-7 + 112 851 167 374 730 191 1083 184 481 999
CMC 40 . 144 949 161 372 452 276 1044 138 481 ©eg
CMC 40 + 163 ngz g7 468 702 260 1250 163 558 909
M Col 1684 - 148 1027 170 342 540 237 1275 188 481 790
M Cot 1684 + 120 1025 148 37 897 193 1180 158 376 81U
LSD 5% (Duncan) 21 136 20 93 85 37 06 28 82 128

? () Without strass, {+] With strass.  Waler was excluded dunng 8 menihs penod starting al 8 months after planting by covering the soll

with plastic shests.

Nitrogen use efficiency for tolal biomass production
was significanily lower in most of the cases under
terminal stress in both seasons (Table 10). As with
root, CMC 40 consistently had higher use efficiency
under stress in both ssasons for P, K, Caand Mg. In

the other cuitivars, there were no consisient patterns in
P, K. Ca and Mg use sfficiency as influenced by terminal
water stress, aithcugh there were significant differences
among cultivars,
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