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[.eaf gas exchange of cassava
as affected by quality of planting material and water stress
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Abstract

Field trial was conducied o study the effects of quality of planting material and
prolonged water stress on leaf gas exchange of the cassava (Manifior esculenta
Crantr) cultivar M Col 1684. Nutrient contents of planting material affected rootlet
formation, but not leaf pas exchange. Net photosynthetic rate (/’y), stomatal
conductance {(g;), and intercellular CO, concentration ((}) were significantly reduced
by prolonged water stress. New leaves developed after recovery from water stress
showed higher Py and g, as compared 1o leaves of similar ages of unstressed plants.
The gher P was associated with higher leaf nutrient contents, indicating that
photosynthetic  capacity was enhanced in these leaves. These compensating
characteristics may partly explain the small yield reduction often observed in stressed
cassava.

Additional key words: intercellular CQO, concentration; Manihot esculenta; net photosvnthetic rate;
nutrient level: stake quality: stomatal conductance, water potential.

Introduction

Where prolonged drought and low-fertility soils arc major constraints for the
successful production of food crops such as cereals, cassava can produce reasonably
well (Cock 1985, El-Sharkawy 1993). In the tropics, most cassava production occurs
under erratic ramtall and prolonged dry periods (3 3 months). The plant tolerates
prolonged drought by reduction in leaf and top growth at the onset of water stress,
partial stomatal closure, and extraction of water from deep soil layers (Connor ef al.
1981, El-Sharkawy and Cock 1987, El-Sharkawy ef al. 1992, El-Sharkawy 1993, de
Tafur et af, 1997a).

The nutrient content of cassava planting material (stakes) significantly affects root
vields in the subsequent crops, particularly in poor soils and without tfertilizer
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application (Molina and El-Sharkawy 1995). This work evaluates the effects of
interaction between stake quality and water stress on leaf gas exchange of the cultivar
uscd by Molina and El-Sharkawy (1995).

Materials and methods

The experiment was carried out in the 1996/1997 season in a drainage field lysimeter
(El-Sharkawy and Cock 1987) at the experiment station of the International Centre
for Tropical Agriculture in Santander de Quilichao, Cauca Department, Colombia
(altitude 990 m; fat. 3°06'N, long, 76°31'W, mean annual temperature 24 °C).

The lysimeter (450 m”) and its bordering arca (12 m wide strip surrounding the
lysimeter) were under cassava (2y) and maize (ly) with applications of [g m-2 y-!]
50 N, 43 P, and 8.3 K in the form of a compound fertilizer consisting of
10:87:16.6 of N, P, K. Morcover, the maizc crop was incorporated into the soil at
tasseling stage before planting cassava. The soil had 5.9 % organic matter; 12 g m3 P
(Bray 1II); 21 Ca, 11 Mg. and 2.5 K me per kg dry soil; with pH of 4.5 and Al
saturation of 30 %. Becausc of these relatively high nutrient contents, cassava was
grown without application of fertilizer.

Planting material from the cassava (Manihot esculenta Crantz) cv. M Col 1684
was obtained from a 13-year N.P.K trial. Stakes, 20 v long, were cul 10 months
after planting (13'h cycle) from the lower woody part of main stems or first branches,
and were planted at a density of 1 plant m2 on 21 March 1996. 10 months after
planting, contents of nulrients were determined in subsamples of stakes from each
mother plant treatment. Another set of stakes was planted in small plastic bags filled
with the same seil to evaluate their rooting capacity at an early stage of sprouting.

One half ol the lysimeter area and the swrrounding border was covered with white
plastic at 95 d after planting to initiate water stress that ended on 20 September 1996.
The second half of the experimental area received rainfall plus supplementary
itrigation on 17 July (30 mm), 24 July (20 mm), and 13 August (20 mm), The total
precipitation from March 1996 to January 1997 (2000 mm) was greater than annual
pan evaporation {1400 mm), with about 830 mm falling between March and June
1996. Thus excess warter was partially stored in the soil profile prior to the initiation
of water stress. Four replications for each stake treatments were used within both
water regimes. After termination of water stress (86 d of stress), the crop was
allowed to recover with rainfall and supplementary irrigation for the rest of the
growing season,

Measurements of leaf gas exchange (CO, uptake and H,O Joss) were made with
an L[-0200 portable gas analyzer (Licor, Lincoln, Nebraska, USA) by enclosing
upper canopy leaves in a 4 000 cm? chamber for 30 s under a solar radiation higher
than 1000 pmol m-> s between 08:00-12:00 h. Leal water potential (‘) was
determined with a 3005 Plant Water Status Console Pressure Chamber (Soif Moisture
Lquipment Corp., Santa Barbara, CA, USA)} using compressed nitrogen. Before
leaves were detached, they were enclosed in small plastic bags that contained a small
wet towel to rmmimize water loss from leaves before measurcments.
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Results and discussion

Effcct of soil nutrient status on the nutritional status of stakes and their rooting
capacity: Significant differences due to fertilizer application were observed in stakes’
content of N, P, and K but not of Ca and Mg {Table 13. The highest mineral element
contents were found in stakes originating from soils fertilized annually with 10 g m-?
of N, P, and K. The lack of differences in Ca and Mg contents was probably duc to
lack of application of a Ca and Mg fertilizer to mother plants. Our findings confirm
those of Mohina and El-Sharkawy (1995).

Table 1. Nutrient contents of stakes [mg per stake|, stake dry mass |g]. rootlet length [em!, and dry
mass [2] per stake at 50 d after planting in plastic bags. Planting material types are from mother
plants that received annually (for 13 years of continueus cassava cultivation) the applications of NPK
fertilizers characterized by indexcs in g m?. Averages of four 20-cm long stakes. Values within
columns followed by the same letter arc not significantly different (p < 0.03).

Planting  Stake Rootlet  Rootlet N P K Ca Mg
material  dry mass length drv mass

NoPoKy  12.14ab 28 ab 083D 85b 12b  32bc 6la d46a
Ns;PsKs  138lab 39a 1.40 ab 103b 14b 46ab 30a 30a
NigPpKip 16.68a  40a 188 a 13¢a 2la 65 a 6%a 3la
NyoPipKy L11.34b 0 23b 08¢ b 0b l4b 19¢  47a 33a

Significant differences due to fertilizer application to mother plants were also
observed in stake dry mass and rootlets” length and mass. Again, the stakes that came
from soils fertilized with 10 g m-2 each of N, P, and K were the heaviest and had the
largest rootlet length and mass (Table 1). Molina and El-Sharkawy (1995) reported
that stake sprouting was reduced in the absence of K application to mother plants,
irrespective of N and P levels.

Leaf gas exchange: One month after initiation of water stress, significant differences
in Py, g.. and C; were found between stress and non-stress treatments (Figs. 1 to 3).
The differences were more pronounced in g, and C; than m Py. El-Sharkawy (1993),
El-Sharkawy ef al. (1992), and de Tafur e of. (1977a) report similar reductions in Py
and g, with prolonged mid-season and terminal water stress in several cassava
cultivars, including the cv. M Col 1684, The ability of cassava leaves to remain
photosynthetically active during prolonged water stress might be partially explained
by the absence of a large decrease in the ¥; (Fig. 4).

Similar findings were reported by Cock er al. (1985), El-Sharkawy ef al. (1992),
and de Tafur et ol (1997a). The reasonable stabilization of ‘' during prolonged
water stress may be attributed to partial stomatal closure (Fig, 2) and to the ability of
cassava to extract soil water from deep layers (El-Sharkawy et af. 1992, de Tafur et
al. 1997a).

Stake origin apparently did not significantly affect Py, g, (7, and ¥} (Figs. 1 to
4). Thus the nutritional status of planting material had little or no effect on the
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photosynthetic performance of leaves and their water status, irrespective of watering
regime. Molina and Cl-Sharkawy (1995) report that leaf canopy, top and storage root
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Fig. 1. Effects of stake quality and water stress on net photosynthetic rate, M. Plots of mother plants
reecived annually {for 13 years of continuous cassava cultivation) the applications of NPK fortilizers
characterized by indexes in g m2. T = mitiation of stress. + = end of stress. Bars = +SF

Table 2. Average net photosyathetic tates, Py [umol(CO,) m? 571, stomatal conductance, g, |mol m
s}, and intercellular CO, concentration, € |pmol mol-!{azr}] in variants with {(+) or without (-} water
stress for new voung leaves doveloped aftor the water stress tormination. For planting matcrial types
sce Table 1. Values in columns foliowed by the same lotier arc not significantly different (p < 0.03).

Planting material  Water stress Py B €5
NoPoKg |' 2449 0.73a 263a
- 220 be 0.61 ab 259a
N5PsK; 7 239 ab 071a 265 a
- 214 ¢ 0.61 ab 260 a
NP Koo * 245 071 a 261a
- 21.7¢ 0.39 ab 256a
N](}P]()KO 238 ab (.69 ah 2539 a
- 19.3d 0.36 b 25%a

biomass are significantly lower in crops originating from stakes that come from
unfertilized «nvils (for eight consecutive vears) as compared to those from adequately
tertilized soils. Thus factors other than leaf gas cxchange, such as higher leaf area
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index and better interception of radiation in crops established from fertilized stakes,

might have caused differences in productivity observed by Molina and El-Sharkawy
(1995).
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Fig. 2. [ffcets of stake quality and water stress on stomatal conductance, gs. For treatments and other
cxplanations sce Fig. 1.

Young leaves developed after recovery from stress consistently showed
significantly higher Py and g, compared with leaves of similar ages in mmstressed
plants, irrespective of the stake origin (Figs. 5 and 6, Table 2). In contrast,
differences in (; were not significant (Fig. 7, Table 2), indicating that the higher Py
in newly developed leaves after recovery from stress might be due to enhanced €0,
fixation capacity. This conclusion was further substantiated by the higher nutrient
contents, except K, in lcaves developed after recovery from stress as compared to
lcaves from unstressed plants (Table 3). Leaf photosynthesis might be enhanced by
greater demands for photoassimilates in the storage roots of previously stressed
plants. The consistently lower K contents in leaves developed after recovery from
stress, as comparcd to those in leaves of unstressed plants (Table 3), and the negative
correlation between Py and K content (r = -0.80, p < 0.05) might indicate that larger
volumes of both K and photoassimilates were translocated to storage roots of stressed
plants, lu cassava, most photosynthates (60 to 70 % of total harvested biomass) are
stored in the form of starch in storage roots along with more than 60 % of total
absorbed K (El-Sharkawy ef gl 1992, Pellct and El-Sharkawy 1993, 1994, 1997),
thus indicating a close association between the mobilization of both K and
photosynthates from the source leaves to the storage root sinks.
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Fig 3. Effcets of stake quality and water siress on interecllular CO, concentration, €. For trcatments
and other explanations sce Fig. 1.
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Fig 4. Fffects of stake quality and water stress on predawn (06:00) and midday {12:00) leaf water
potential, ¥ . For treatments and other explanations see Fig. 1.
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Fig. 5. Effccts of stake quality and recovery after water strese on net photosynthetic rate, Py, For
treatments and other explanations sce Fig. 1.
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Fig. 6. Effcets of stake quality and recovery after water stress on stomatal conductance, g,. For
treatments and other explanations see Fig, 1.

Py, responses to trradiance were similar for both new leaves developed after the
recovery from stress and those from unstressed plants, irrespective of the origin of
planting material (Fig. 8). In the present trial, the overall averages of dry root yield at
10 months after planting were 0.951 and 0.033 kg m-2 for the unstressed and stressed

rops, respectively.
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Fig. 8. Responses of net photosynthetic rate, /s, to irradiance in leaves of well-watered plants
{coniroly and young mature lcaves formed after the termination of prelonged wate: stross (siress),
Each point ropresents different leaf. Measurements were made 238 d afier planting. For treatments
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Tablc 3 Nutrient concentration [%]| after the ternunation of water stress i varlants with (—) or
without (-) water stress for voung maturc leaves developed after the termination of water stress. For
planting material types see Table 1. Values are for blended leaf samples (four samples per treatment).

Planting material Water stress N p K Ca Mg
NoPaKy - 4.05 027 0.79 133 041
- 3.64 (126 .99 1.33 036
- 378 0.26 0.93 1.25 0.36
NioPioKio r 399 026 0481 143 042
- 391 027 0.96 1.24 0.36
NioPyoKy + 406 na7 079 137 039

- 3.88 0.24 0.93 1.39 0.38

Based on these resulis, we conclude that the origin of planting matenal of cassava
and their nutrient contents have little effect on leaf gas exchange characteristics
measured under ficld conditions, irrespective of the watering regime. Although 7y is
significantly reduced under prolonged waler suess, new leaves developed alier
recovery from water stress show higher Py and higher natrient contents than the
leaves of similar ages in unstressed plants. These compensating characteristics may
underlie the ability of cassava to produce reasonably well under prolonged water
stress (El-Sharkawy 1993), and partly explain why previously stressed cassava plants
do not show much reduction in final root yield (El-Sharkawy er al. 1992, de Tafur et
al. 1997a,b).
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