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ABSTRACT

The aim was to study the effects of organic
management like the application of organic mat-
ters on crop production. This research is placed
in the context of climate change impact mitiga-
tion. A field experiment was conducted during
the dry season. Rainfall inputs were simulated
by irrigation to study the effects of water stress
during the flowering period of a grain on the
agronomic and the physiological behavior of the
plant. The measurements were made on the vol-
umetric soil moisture, stomatal conductance,
and leaf area index (LAI), grain yield, straw and
weight of 100 grains. The water use efficiency
(WUE) and yield losses were evaluated. The re-
sults of the volumetric soil moisture showed
that the use of localized input under water stress
(STR-T1) recorded the lowest moisture in the
surface horizons. Treatment with localized input
under water stress with or without fertilization
(STR-T1, STR-T1 + N) showed an ability of sto-
matal regulation compared to the control (STR-
TO) and the input application by spreading (STR-
T2). (STR-T1 + N) has initiated an early stomatal
closure of the plant because of the effect of ni-
trogen. However, despite a more pronounced
water stress with stomatal closure, the LAl and
the grain yield were greater with (STR-T1) and
(STR-T1 + N). The results showed that the inputs
of localized organic fertilization with or without
nitrogen grain yields were the highest regard-
less of the hydric regime applied. However the
losses of grain yield were higher in treatments
with organic inputs in spreading and localized
under water stress. The WUE by the crop was
reduced compared to the control with organic
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inputs under STR. In this study we show that the
use of organic matter increases de farmers risk
and this notion of risk is high and it is necessary
to consider this risk in the proposals of techni-
cal innovations.
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1. INTRODUCTION

The objective of this study was to determine the effect
of soil amendment by organic matter on plant production
under soil water stress. The climate change scenarios
forecast a recurrence of the phenomena of extreme event
as dry period during the rainy season [1]. These rainfall
disorders could cause significant decreases in yields of
rainfed agriculture. Agricultural productions and access
to food will therefore be severely affected in many sahe-
lian countries, with serious consequences for food secu-
rity [1]. In this context it is crucial to better understand
the functioning of cultivated soils in situations of soil
water stress. [2] also showed that the effect of rainy defi-
cit on corn results in a reduction in biomass yield and
harvest index. Studies [2,3] have shown that the period
around flowering is the step where corn production is
more sensitive to water deficit. Reference [4] revealed
that the harvest index was affected by soil water stress
when the stress was imposed during flowering period.
Among the agricultural practices, the management of soil
fertility through the use of mineral or organic fertilizer is
essential to ensure sustainable agricultural production
(Sun et al., 2003) [5]. It is shown that soil organic matter
can modified the soil water dynamic, the plant root sys-
tem and ultimately the performance of cereal crops. Ref
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erence [6] showed that when rainfall is low or deficient,
the positive effect of fertilization on production de-
creases. Soils fertilized by organic manure dried faster
than soils without manure fertilization [7]. It is widely
known that organic amendments such as plant residues,
manure or compost have benefits for soils physical [8]
and chemical properties [9]. Few experimental studies
have been conducted in arid zone of West Africa to as-
sess the role of organic inputs in agricultural soils under
water deficit. Therefore, an experiment was set up during
the dry season with a strict control by irrigation of water
quantities provided on a corn crop. The hypothesis tested
is that the addition of organic matter, especially its ap-
plication mode, localized or spread allow a culture and
soil properties to cope with soil water stress. For this, an
artificial water stress was applied at the flowering period
of a corn crop fertilized with localized versus spread or-
ganic inputs. The experiment was conducted during the
dry season for a better control of experimental water
supply. The results presented were about the effect of the
different tested (rainy deficit and organic matter input)
factors on the soil water dynamic, crops ecophysiological
parameters and yield of corn.

2. MATERIALS AND METHODS
2.1. Study Site

The study site is located in the National Center for
Agricultural Research Bambey (latitude 16°28'N, longi-
tude 14°42'0) in Senegal. The climate is Sahelian, with a
monomodal rainy season marked by a long dry season
(November-May) and a short rainy season (June-Octo-
ber). The average annual rainfall was 499 mm from 1989
to 2009. The soils are of type Arenosols according to the
classification [10]. The soil was a ferruginous soil type as
described by reference according to the French taxonomy,
established on aeolian quaternary sand cover [7]. The
granulometric characteristics of the soil are identical to
those described in reference [7] with a loamy sand tex-
ture, poor in organic matter. The homogeneous topogra-
phy conferred a very low variability of soil physico- che-
mical characteristics. In the study site, initial total carbon
in the soil (0 - 10 cm depth) was 24. 6 g-kg ', and total
nitrogen was 2.2 g-kg .

2.2. Experimental Device

The device was set up in the dry season (March-June
2010) with an irrigation system. Three factors were tested.
The first factor represents two hydric regimes. The first
hydric regime was based on twice weekly irrigation to
reach a total water equivalent to the maximum evapo-
transpiration (ETM). The second treatment (STR) was
the same as ETM until the 60th day after sowing (DAS),
then irrigation was stopped until the 74th (DAS). Water
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applications were performed with an overhead irrigation
system with tilting ramps. The total quantities of water
provided throughout the crop cycle are 385 mm for the
regime called stress (STR) and 445 mm for the regime
called ETM. The second factor is about the different
modes of application of organic matter inputs: without
addition of organic matter (T0), with localized supplies
of manure in each seedling planting hole of the experi-
mental unit (T1), with an input of manure spread over the
entire surface of the experimental unit (T2). The same
amount of organic input was applied by experimental
unit. The third factor was whether to add mineral nitro-
gen (+N) (—N) in the form of urea with a concentration
level of 200 kg-ha™'. The manure was collected in cattle
parks. The application rate was 5 Mg-ha ™' of dry matter.
In soudano-sahelian zone, mineral nitrogen associated
with organic matter could be used in conventional prac-
tices. We decided to test the organic matter addition with
or without mineral nitrogen to refer to the farmer fields.
The objective was also to compare the results to a posi-
tive control in opposition to the control with no organic
matter or mineral nitrogen addition. The experimental
design is a split plot with four blocks as repetition. Each
block is thus divided into two large parcels of six ele-
mentary plots with an area of 24 m*. On large plots were
applied water factor (STR and ETM). The large plot was
divided in six plots and the 12 treatments from the cross-
ing of two factors, organic matter inputs and urea appli-
cation, were randomly assigned to. The plots were plan-
ted with the local variety Suwan of corn. Sowing was
made in planting holes with a distance of 0.25 cm intra
row and inter-line of 0.80 cm. Cultural practices con-
sisted of two weedings in the 12th and 34th DAS . The
crop cycle lasted 90 days.

2.3. Measurements and Observations

Profiles of soil moisture have been made on treatment
not associated with nitrogen fertilization. Observations
were made on the plant in the beginning, during and the
day before the end of the soil water stress. The yield of
the crop was estimated at the end of the crop cycle.

2.4. Volumetric Soil Moisture

The soil moisture was determined by the gravimetric
method. Using an auger, soil samples were collected
from a depth until the wetting front from 0 cm to 250 cm
at the beginning (60th DAS), at the middle (67th DAS)
and at the end of the water stress period (73th DAS). The
samples collected were weighed before (Psf) and after
oven drying (105°C for 72 hours). The moisture content
(Hp%) is calculated from the following equation:

Hp (%) = (Psf — Pss/Pss x100) .
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The soil bulk density (SBD) was measured by sample
a volume of soil that was weighed after oven drying
(105°C). The volumetric soil moisture (Hv in cm*/cm’)
was calculated from the following equation.

Hv=Hp*SBD.

2.5. Ecophysiological Parameter

Stomatal conductance and leaf area index were meas-
ured to assess the effects of water stress on plant physio-
logical parameters.

2.6. Stomatal Conductance

Daily stomatal resistance (Rs) was measured at 67th
day after sowing using the vapor diffusion porometer
balance (model LI 1600, LI-COR, USA). This resistance
was then converted to stomatal conductance

(Gs:mmol m”.s” ) :Rs=1/Gs.

The measurements were made on the third leaf from the
first leaf of the top and on two different plants of an ele-
mentary plot.

2.7. Leaf Area Index

The leaf area index (LAI) was measured from the 60th
to 75th days after sowing using the analyzer LICOR
LAI-2000 (Li-cor®, Inc., Lincoln, Nebraska 68504, United
States). Five measurements were made. The first was
made above the canopy and the other four under the ca-
nopy along the diagonal of the plot. The calculations
were performed automatically by the device simultane-
ously with the measurements.

2.8. Plant Production Assessment

The yield of grain and straw of corn by the weight of
dry matter (etuve drying at 65°C for 72 hrs) and the
weight of 100 grains was determined from the evaluation
of the quantity of grain obtained on an area of 11.4 m’
plot corresponding to the useful portion of the experi-
mental unit. The water use efficiency by the crop was
determined by the ratio of grain yield of each treatment
on the total amount of irrigation water applied as de-
scribed by [11]. The percentage of yield loss relatively to
the water stress effect was calculated using the following
formula:

(Yield ETM - Yield STR)/Yield ETM *100.

2.9. Statistical Analysis

The statistical analysis was performed with XLSTAT
software. The analysis of variance (ANOVA) and Fi-
sher’s averages test at 5% were used to test the effect of
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different factors on the measured parameters and to clas-
sify levels of treatment.

3. RESULTS
3.1. Volumetric Soil Moisture

Figures 1(a)-(c) shows the water profiles measured in
the different before the stress period (60th DAS), during
the stress period (67th DAS) and on the day before of the
removal of the water stress (73th DAS) in the treatment
STR and also ETM. A measure was performed before the
start of irrigation. The soil water content (SWC) profile
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Figure 1. Volumetric soil moisture (V/V) at different
stages after sowing measured on field experience. The
treatment with the application of water stress (STR) was
compared to a treatment with the application of water
equivalent to the maximum evapotranspiration (ETM). In
both cases, the localized input (T1) and the spreading of
organic matter (T2) were compared to the control treat-
ment (TO) without addition of organic matter. The dashed
lines are the treatments under water stress and solid lines
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showed that soil moisture increased steadily to a depth of
100 cm. Beyond that depth, the soil water content re-
mained substantially constant until the maximum depth
measured. Variations in soil moisture measured at three
periods of the crop cycle are observed up to 150 cm deep.
Beyond that the soil water content was not modified. At
60th DAS, before the beginning of the water stress, the
plots of the two treatments ETM and STR showed little
difference soil water profiles. At the 67th DAS, the soil
water content on the treatment STR regularly decreased
between 0 to 50 cm depth. Beyond that depth, both treat-
ments showed slightly different of soil moisture until the
150 cm depth. At 73 DAS, the soil water content along
all the profile did not differ.

In the ETM plots, organic matter was added (T1 and
T2 treatments); soil water content was lower compared
to those measured in plots without organic matter inputs
(TO). Soil water contents measured on the plots STR
during the period of stress were lower in plots with lo-
calized manure input (STRT1) than those measured on
plots where manure was spread (STRT2) and on the con-
trol (STRTO) (Figures 1(b) and (c)).

3.2. Stomatal Conductance

Stomatal conductance was reduced for all plants lo-
cated in the STR plots comparatively to plants on ETM
plots (Figures 2(a) and (b)). The treatment (STR-T1)
showed a stomatal closure at the mid-day, only in the
case of the localized organic matter input treatment
(STR-T1). The mechanism of stomatal regulation for the
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Figure 2. Daily change of stomatal conductance of corn. Practices of organic and mineral in-
puts and hydric regime were compared. The treatment with water stress (STR) was compared
to the treatment with maximum evapotranspiration (ETM). In both cases, the localized input
(T1) and spreading of organic matter (T2) were compared to the control treatment (T0) without
addition of organic matter. The dashed lines are the treatments under water stress and solid
lines are the treatments under maximum evapotranspiration. Vertical bars are the standard error.
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treatment (STR-T1) moved faster than those from plots
T2 and TO plots of the STR treatments.

3.3. Leaf Area Index

The lowest plants leaf area index was measured on
STR plots (Figures 3(a) and (b)). However, the localized
organic input treatment associated or not with nitrogen
fertilization (STR-T1) recorded higher leaf area index
than those measured on spread organic inputs treatments

2.50

(STR-T2) or without organic matter addition treatment
(STR-TO).

3.4. Corn Yield

The water stress application resulted in significantly
lower grain yields (Table 1) compared to those measured
ETM plots. The organic matter amendment enhanced the
effect of water stress on grain yield. However, the nitro-
gen addition reduced the impact of water stress on yield

2.30

Leaf area index (LAI)
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Figure 3. Change in leaf area index of maize based on the time (from 60th to 75th days after sowing). Treat-
ments under water stress (STR) with organic and mineral inputs were compared to the same treatments with
maximum evapotranspiration (ETM). In both cases, the localized input (T1) and spreading of organic matter
(T2) were compared to the control (T0) without addition of organic matter. The dashed lines are the treat-
ments under water stress and solid lines are the treatments under maximum evapotranspiration. Vertical bars

are the standard error.

Table 1. Effects of organic inputs application methods. Localized input = T1, spreading input = T2, control = T0), the nitrogen (+N)
and hydric regime (water stress = STR, maximum evapotranspiration = ETM) on corn grain yield and water use efficiency by the
plant. For the two consecutive columns, data with the same letter are not significantly different (P < 0.05).

Grain Yield (kg-ha™)

Water Use Efficiency (kg-m ®)

Treatments STR ET™M STR ETM
TO 256.75+28.45¢ 358.25+138.49 abc 0.067 b 0.08 ab

Tl 377.50 £ 30.77abc 936.00 + 74.45 ab 0.10 ab 0.21a

T2 309.50 +£40.37 ¢ 955.25+376.41 a 0.08 ab 0.21a
TO+N 135.75+9.66 ¢ 364.50 +33.12 abc 0.04 ab 0.08 ab
T1+N 521.0 £ 72.37 abc 456.00 + 46.53 abc 0.14 ab 0.10 ab
T2 +N 338.50£51.91bc 333.00 £46.86 ¢ 0.088 ab 0.075 ab
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for treatments associated with organic fertilization. The
results showed that in the STR plots, the plots with a
localized organic fertilization input with or without ni-
trogen (T1) had higher grain yields compared to treat-
ments without organic matter addition: the yield losses
due to water stress would be 67% for the treatment
spreading (T2), (59%) for localized input (T1) and 28%
for the control (TO). The results obtained for straw yield
showed no significant difference between treatments
(Table 2). The weight of 100 grains was significantly
higher in ETM plots compared to STR plots. However
the localized organic matter inputs and nitrogen addition
had reduced the depressive effect of water stress on the
weight of 100 grains. Thus, the difference between the
weight of 100 grains (T1 + N) between ETM and STR
plots was not significant. The water use efficiency (WUE)
expressed according to the ratio of grain yield on the
quantity of water supplied was significantly higher for
the plots with added organic matter (T1 and T2) in ETM
treatment compared to those that were on STR plot (Ta-
ble 1). There were no significant effects of the supply
practice of organic matter amendment or nitrogen fertili-
zation on the WUE.

4. DISCUSSION

4.1. Effects of Organic Matter Input
Management on the Soil Water Profile

The soil water content measured by the volumetric soil
moisture decrease due to the lack of rain during the
maize flowering period was greater where organic matter
were locally supplied to the plant compared to the one
observed on plots without any organic or with addition of
organic matter spread on the surface of the plot. This
dryness relatively high may be caused by an over-intake
of water by the plant which in this case, localized organic
amendment, had a stronger biomass and therefore an in-
creased need for water, that was confirmed by the highest
LAI measured in the case of this treatment.

4.2. Effects of Organic Matter Management
on the Plant Responses to Water Stress

The water availability plays a key role in opening and
closing of stomata. In the case of the localized organic
inputs, the plant response under water depletion by a
resistance to stomatal conductance indicating a faster
stomatal closure at the mid day comparatively to that was
observed in the other treatment. This stomatal closure
reduce water loss by transpiration and indicates a good
physiological capacity of stomatal regulation. These re-
sults corroborate those reported in the literature. Indeed,
[12] showed that under conditions of water stress the
stomata close in response to a loss of cell turgor pressure.
However, this was not the case for plants on plots with
spread organic matter input. An input of mineral N also
induces an early stomatal closure from 11h am continu-
ing until the end of the day. This stomatal closure, whe-
ther in the case of localized input or the input of mineral
nitrogen, indicates that the plants were in a situation of
lack of water faster than plants from other treatments.
Presumably, these plots had a higher biomass at the be-
ginning of the period of stress. This biomass induced
water needs more important and that explain the plant
response at the time of stress. The results obtained for the
(LAI) show indeed that it is higher for localized input
compared to the controls and spread input application.
The leaf area index is a good indicator of water stress for
plant during flowering by comparing stressed and un-
stressed situations. The leaf expansion is one of the first
growth process of the plant to be affected by water stress
[3,4,13]. Finally, grain yields were not significant be-
tween the different management of input of organic mat-
ter under the effect of water regime. The negative effect
of water stress was much stronger than the plant had a
higher biomass at the time of application of the stress.

5. CONCLUSION

The addition of localized organic matter created on the

Table 2. Effects of organic inputs application methods (localized inputs = T1, spreading of input = T2, control = T0), the nitrogen
(+N) and hydric regime (water stress = STR, maximum evapotranspiration = ETM) on the straw yield and the weight of 100 grains.
For the two consecutive columns, data with the same letter are not significantly different (P < 0.05).

Straw yield (kg-ha™)

Weight of 100 grains (g)

Treatments STR ETM STR ETM
TO 3430.5+79.71 ns 3053.25 +£481.68 ns 6.89+0.07h 10.43 £ 0.06 de
Tl 4339 £ 150.73 ns 5477 +200.77 ns 9.52£0.06 ef 16.48£0.10 a
T2 3189,75+159.31 ns 4386.25 +128.98 ns 8.075+0.01¢g 14.83+0.24b
TO+N 4062,25 + 568.10 ns 4026 + 256.09 ns 4.825+0.13 1 8.82+0.19 fg
TI+N 4735 +367.13 ns 4673 +215.63 ns 11.52+0.07 cd 12,38 £ 0.08 ¢
T2+N 3559 +364.50 ns 4710 + 162.93 ns 8.91+0.07 fg 10.17£0.06 ¢
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soil islands of fertility that allow the plant to draw nutri
ents necessary for growth and productivity. However the
effect of water stress has been severe for the plant in this
treatment compared to the treatment associated with
spreading input and the control. It therefore appears that
the gain of a practice of increasing intake of organic or
mineral can be quickly reduced by a drought that would
take place during flowering. This study shows that the
notion of risk is high and it is necessary to consider this
risk in the proposals of technical innovations. To limit
this risk the effect of late water stress in plots with high
inputs of organic fertilizers, will require a better control
of rain water by promoting the concentration of water
resources for the plant just like for the concentration of
the nutrient resource.
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