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a  b  s  t  r  a  c  t

Brazil  is one  of  the  top world  producers  of the staple  commodity  common  bean  (Phaseolus  vulgaris  L.).
Irregular  distribution  of  rainfall  and the  lack  of  rain  during  the crop  reproductive  phases  affect  its yield
and  increase  the  demand  of  water  for irrigation.  However,  in  recent  years,  water  resources  have  decreased
and water  saving  has  become  an  issue.  Thus,  soil  management  techniques,  which  reduce  evaporation,
and  efficient  irrigation  programming,  through  the monitoring  of soil  water  content,  could  be  adopted  in
water  scarcity  scenarios.  This  study  assesses  the  effect  of crop  residues  management  (incorporated  IR or
left on  soil  surface  NR)  in  soil  water  availability  (and  its  retention  in  the soil  pore  space),  and  yield  in
common  beans  cultivated  under  no-till  and  directly  seeded  in  an irrigated  farm  located  southwest  of  São
Paulo state. Soil  water  content  was  monitored  with  TDR  probes  installed  within  the  0–20  cm layer  and  its
retention  was  assessed  through  the  soil  water  retention  curve.  For  the  same  irrigation  management,  the
IR led  to soil  water  content  was  lower  than  NR  but  both  soil  managements  had  similar  available  water
and  their  demand  of water  for irrigation  was  similar.  For  the  same  soil water  content,  NR soils  could  hold
it  tightly  in  the  pore  space  and  the root  plant  system  would  require  higher  energy  to absorb  it.  Then,  it is

foreseen  that  the root  system  in  IR soils  will be shallower  than  in  NR soils,  since  it  will  withdraw  water
easily  within  the first  20 cm,  however,  in  NR,  the roots  will  extend  deeper  searching  for  available  water.
Considering  40  kPa  as  a threshold  value,  the  plants  suffered  water  stress  during  all  crop  cycle  at  the  same
physiologic  stages  in  both  soils.  The  variables  studied  to  assess  yield  presented  no-statistical  significance
in  the  T test  at  significance  level  of 0.05.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction
The benefits of conservation agriculture, comprising no-till as
ell as reduced tillage practices (subsoiling, deep ploughing), have

ong been recognized, and they are accentuated in combination
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with crop residues application. Crop residues on the soil surface
protect the soil and reduce its erosion (Boulal et al., 2011; Brouder
and Gomez-Macpherson, 2014) and runoff (Buschiazzo et al., 1998;
Thomas et al., 2007). They also enhanced fertility and soil quality
mainly by increasing soil organic matter (Bhattacharyya et al., 2012,
2013; Jemai et al., 2013; Ladha et al., 2009; Verhulst et al., 2010),
which, in turn, may  increase soil carbon sequestration (Palm et al.,
2014).

Conservative agriculture systems also improve aggregate sta-
bility (Blanco-Canqui and Lal, 2007; Keller et al., 2007) and total
porosity (Jemai et al., 2013; Lipiec et al., 2006; Mulumba and
Lal, 2008) and as a consequence, soil moisture content increases
(Govaerts et al., 2007; Gruber et al., 2011; Sharma et al., 2011)

as well as water content availability (Bescansa et al., 2006; Jemai
et al., 2013). In addition, infiltration (Bhattacharyya et al., 2006;
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ielsen et al., 2009), water retention (Datiri and Lowery, 1991) and
ydraulic conductivity (Benjamin, 1993) are improved as well.

In Brazil, a surface of about 25,000,000 ha was  cultivated under
on tillage practices in 2007. Farmers have adopted this technology
ot only due to environmental issues (erosion control, improve-
ent of soil fertility), but mainly due to its economical aspects (less

abor work, higher profits) (Casão Junior et al., 2012). Sorrenson
nd Montoya (1984) highlighted that non tillage was the most cost
ffective means of controlling erosion in Brazil.

Common bean (Phaseolus vulgaris L.) is the most important eat-
ng legume worldwide and is a staple commodity in developing
ountries (Broughton et al., 2003). Brazil is the largest producer
ith 17.3% of the world production, followed by India (16.4%),
yanmar (9.6%), China (6.7%), United States (6.3%) and Mexico with

.4% (FAO, 2009).
Approximately, 60% of the world’s common beans cultivated

reas are concentrated in regions that suffer water scarcity, where
he crop is under water stress, the second major cause of yield
oss (Singh, 1995). Drought can modify leaf development and thus,
ffect grain yield by reducing the active leaf area for photosyn-
hesis (Guimarães, 1996; Fancelli and Dourado Neto, 1991). Plant
eight, leaf area index, number of seeds per pod, number of pods
er plant and yield are reduced in plants suffering from water stress
Monteiro et al., 2010), although the number of pods per plant was
he most sensitive variable to maintain a potential yield (Guimarães
t al., 2011; Miorini et al., 2011). Likewise, the bean root system
evelops mostly in the upper soil layer enhancing the sensitivity of
he crop to water stress and reinforcing the role of irrigation water
upply for proper crop development during scarce rainfall periods
Carlesso et al., 2007). The response of common bean species to
ifferent water regimes in controlled environment showed that
ater consumption in plants with highest irrigation frequency was

maller than those less frequently irrigated, which suggested that
hey suffered some stress (Bourgault and Smith, 2010). Likewise,
he efficiency of crop water used for leaf area development was dif-
erent in the two species studied (common beans and mud  beans).
n addition, under low soil moisture conditions, plants developed a
onservative water use by lowering maximum transpiration rates.

Common beans in Brazil are cultivated nationwide in different
owing dates and under different climatic conditions alternating
ater surplus and deficit periods. Since crop is sensitive to water

tress, irrigation is needed in regions where rainfall is unevenly
istributed to maintain yield and farmersı́ benefits (Didonet, 2005;
uimarães et al., 2011). Farmerı́s revenue in irrigation areas is about
0% higher than in rain fed crops (Silveira et al., 2001) although
nder stress conditions, a 20% yield decrease has been reported by
iorini et al. (2011)
In Brazil, irrigation demands about 72% of the water (Alves,

015) and water resources are increasingly scarce every year. Con-
idering this scenario, we can expect that water resources will be
ess available for irrigated agriculture and competition for water

ill increase in the near future. Within this context, conserva-
ive agriculture (no-till, direct seeding) along with a proper soil
ater content monitoring could be key factors for saving water

y reducing evaporation and improving irrigation programming. In
his regard, studies on conservative agriculture in common bean,

ainly in Brazil, are numerous, but none has compared the effect
f crop residue management on water availability and retention in
he soil pore network during the crop cycle.

The objective of this study was to evaluate the effect of crop
esidues management (incorporated and non-incorporated into the

oil) on soil water availability (and its retention in the soil pore
pace), during all the phenology stages, and yield in common beans
ultivated under non tillage conditions and directly seeded irri-
ated agriculture.
anagement 170 (2016) 158–166 159

2. Materials and methods

2.1. Experimental site

The field experiments were conducted at “Olhos D’água” farm
(latitude: 23◦33′21.14′′S; longitude: 48◦52′43.86′′W)  in the south-
western region of the State of São Paulo (Brazil). The farm is a
member of the No-till and Planting in the Straw Irrigators Asso-
ciation of South western São Paulo, ASPIPP.

The farmer follows no-till and direct seeding farming, leaving
the crop residue from the previous harvest over the soil, since
2007. In this year, he ploughed the soil and made deep harrows
adding calcium carbonate (Ca2C03) to maintain soil pH at 5.5. These
tasks are performed once every ten years. Maize, common beans,
soybeans and wheat are the main cultivated crops.

For this study, an irrigated area of 20 ha was  selected with a crop
rotation of maize-common beans.

2.2. Water application by the irrigation system

The area is irrigated in sectors of 180◦ by a 361.75 m long
center pivot (Lindsay, Zimmatic model) which is hold by seven
towers. The system operates with an inlet pressure head of
50.05 m and a discharge of 260 m3 h−1. Considering these condi-
tions, a field evaluation of the irrigation system was performed
following the ABNT-NBR 14244 (ABNT, 1998). The uniformity of
water application was  calculated by the Christiansen Uniformity
Coefficient—CUC as:

CUC =
(

1 −
∑N

i=1|Hi − Hm|
N × Hm

)
× 100 (1)

where Hi is the height of water collected in the collector (mm),  Hm

is the average water height from all the collectors (mm), and N is
the number of collectors.

The irrigation events (water depth and time) are programmed by
the farmer to supply the crop water requirements estimated with
the data monitored in the farm’s weather station. However, a limit
of 16 mm water depth per irrigation is imposed, considering the
pumping system specifications, the number of center pivots with
simultaneous irrigation and the cost of energy, which varies along
the day.

2.3. Field preparation

This study evaluated the performance of two different soil man-
agement practices: crop residues left on the soil (non-incorporated
residues NR) and incorporated in the soil (IR). Thus, two parallel
6 m width soil strips were selected along the center pivot radius.
Each strip followed a randomly alternation of areas with maize
residues left on the soil (NR) and incorporated in the soil (IR) as it is
described in Fig. 1. Thus, the pattern of alternating NR and IR areas
in both strips was opposite. The length for each area was the spac-
ing between the center pivot towers (50 m) which was considered
adequate for a uniform crop residues’ incorporation.

A 28-inch disc harrow was used for the incorporation of maize
residues at 17 cm depth, 22 days before planting. Five successive
passes of the disc harrow were necessary to fully incorporate the
residues in the selected areas. Then, a leveled harrow disaggregated
soil clods and leveled up the soil surface.

2.4. Soil characteristics
Soil texture was  determined in three soil samples collected
along the center pivot radius at two layers of 0–20 cm and
20–40 cm.  The samples from both layers were analyzed, however,
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Table 1
Results of soil analysis.

Layer pH O.M. Presin H + Al K Ca Mg CEC V% Sand Clay Silt
(cm)  CaCl2 (g dm-3) (mg  dm−3) (mmolc dm−3) (g kg−1) (g kg−1) (g kg−1)

0–20 5.3 40 77 35 4.4 59

Note: O.M = organic matter; Presin = phosphorus in resin; CEC = cation exchange capacity, V
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ig. 1. Sketch with the distribution of NR and IR areas along the pivot center radius
nd placing of the TDR probe.

ince they had the same texture “clay”, an average value for the
ineral components is depicted in Table 1. Other 20 soil samples,

andomly selected along the center pivot radius at the 0–20 cm
ayer, were thoroughly mixed to analyze chemical properties by
he procedure proposed by Raij et al. (2001) at the Soil Fertility
aboratory of FCA/UNESP, Botucatu. The results for soil analysis are
hown in Table 1.

Two soil water retention curves were determined: one for the
R soil management in disturbed soil samples, and the other for
he NR in non-disturbed soil samples. All samples were collected
1 days prior to the land preparation labors for incorporating the
aize residue. First, the maize residue was removed from the soil

nd then, 20 undisturbed soil samples were extracted with a 50 mm
iameter and 50 mm height cylinder along the pivot center radius
t depths from 8 to 13 cm as it is shown in Fig. 2. In addition, another
0 soil samples were collected with a shovel at the same time and

ocation but the soil was graded through a 2-mm sieve, and then
ixed thoroughly. Then, these samples were sent to the soil physics

aboratory of the FCA/UNESP, Botucatu, to determine the soil water
etention curve by the methodology proposed by Claessen et al.
1997). The software Soil Water Retention Curve SWRC (Dourado-
eto et al., 2000) was used to fit the experimental data.

Finally, soil bulk density and porosity were determined from
he non-disturbed soil samples following the procedure (Claessen
t al., 1997), yielding 1.19 g cm−3 and 55%, respectively.

.5. Crop management and water requirements

The maize crop was harvested between July 8th and July 10th,
014 and then in August 22th 2014, the common bean was  sown by
pplying 10 seeds per meter in rows spaced by 0.45 m.  Germination
ook place five days after sowing and the final stand was  eight plants
er meter. The whole cycle of the common bean lasted 90 days.
The crop water requirements ETa for the different stages were
stimated as

Ta = kc ETo (2)
 15 113 69 89 652 259

% = base saturation.

where ETo is the reference evapotranspiration and kc the crop coef-
ficient corresponding to each phenology stage.

The FAO Penman-Monteith equation is usually recommended
to calculate ETo (Allen et al., 2006) but the Hargreaves and Samani
(1985) equation was used for its calculation since the first equation
required several climatological variables that were not available at
the climatic station located in the field site. The Hargreaves and
Samani equation gives accurate estimations in arid environment
(Raziei and Pereira, 2013) and only requires two variables:

ETo = 0.0135 (Tmed + 17.78) Rs (3)

where Tmed is the average temperature and Rs is the solar radiation.
The first was  calculated with the temperatures logged in the cli-
matic station at the experimental site, and the second corresponded
to the values logged in another experimental station 20 km from the
first.

The kc selected for the different crop stages were those proposed
by Alfonsi et al. (1990) for common beans that were grown in the
north of the State of São Paulo.

In addition, a daily soil water balance was performed as follows:

��  = P + I − Eta (4)

where ��  is the soil water availability, I is the irrigation depth cal-
culated through the discharge monitored by the flow meter at the
pumping station, then converted into water height units, and P is
the precipitation recorded in the climatic station at the field site.

2.6. Evaluation of soil moisture content

Soil water content (�) was measured by Time Domain Reflec-
tometry (TDR) in the IR and NR areas. Since the highest density of
common bean roots concentrates at the top 20 cm soil layer (Bizari
et al., 2010), and since the effect of water stress will show up early
in this layer (Stone and Silveira, 1999), � was  monitored within
the 0–20 cm profile. For each soil management, 14 plots of 5 × 6 m
were defined containing 11 seeding rows each. For each soil man-
agement, 14 TDR probes (one in each plot) were installed vertically
into the soil and monitored once a day, at 8:00 am, during the 90
days of the crop cycle (see sketch on the bottom left hand side of
Fig. 1).

The TDR probes were hand made and followed the methodology
proposed by Souza et al. (2006). Each probe was composed of three
rods (3.18 mm diameter and 20 cm long) and contained a coaxial
cable RG 58. The inner end of the cable was welded to the central
shaft and the outer sheath divided into two similar parts that were
welded to the two outer rods. At the other end, a BNC connector
was added, and finally, both ends with the welds were subsequently
placed in high density silicone rubber mold which was  filled with
epoxy resin. Fig. 3 shows a view of the probe and a scheme of its
dimensions.

The soil water content readings were logged into a TDR 100,
Campbell Scientific logger. Calibration of the TDR probes was
accomplished in two  PVC cylindrical columns, 25 cm long and 10 cm
diameter, that were filled with soil from the research site previously

sieved through a 2-mm sieve. Starting with a saturated soil, the
column was weighted, using a balance with ±0.1 g accuracy, every
day, to allow gradually decrease in water content during 18 days.
At the same time, the soil apparent dielectric constant (Ka) was
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Fig. 2. Sketch showing the collection of soil samples for the soil water retention curve.
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Fig. 3. Scheme and view of th

etermined with the TDR 100, Campbell Scientific logger. Likewise,
he Topp equation (Topp et al., 1980) was also calculated as

�

(
m3

m3

)
= 4.3 × 10−6Ka3 − 5.5 × 10−4Ka2 + 2.92

×10−2Ka − 5.3 × 10−2 (5)

here � is the volumetric soil water content.
Topp equation is broadly used since � can be determined from
a, independently of soil type, soil temperature, and soluble salt
ontent.

The gravimetric moisture content was determined from the dif-
erences on soil column weights in two consecutive days; then, it
e domain soil sensor probes.

was transformed into volumetric units considering the dry-density
of the soil sample in the column. Finally, the ratio between the dried
soil weight (24 h in the oven at T = 105 ◦C) and the column volume
was calculated yielding 1.1 g cm−3.

2.7. Evaluation of crop production

The total number of pods, the average pod size, the average

number of grains per pod, the number of grains per plant and
the yield (expressed as t ha−1) were evaluated 86 days after emer-
gence (DAE). In each plot, ten consecutive plants were collected
along its central line. The pod size was  determined using a ruler
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Fig. 4. Distribution of temperature during the common bean cycle in 2014. (DAE: days after emergency).
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Fig. 5. Water distribu

minimum division 1 mm)  and a string. Likewise, yield was  calcu-
ated weighing the grain at 13% moisture.

All measurements were statistically evaluated considering a
ompletely randomized design with two treatments: soil manage-
ent IR (incorporation of crop residues) and NR (no-incorporation

f crop residues) and 14 repetitions of treatment in a total of 28
lots. Student’s t-test was perfomed at 0.05 significance level.

. Results and discussion

Air temperature in the experimental site varied from 9 ◦C to
8 ◦C, the average temperature was 22.6 ◦C (Fig. 4). From 2010 to
013 during the months coinciding with the cycle of common bean,
he average rainfall recorded in the area was 400 mm,  and irriga-
ion was applied to cover the crop water requirements at specific
henology stages. However, in the year 2014, it not only dropped

o 249 mm but was unevenly distributed, coexisting concentrated
ains with water scarcity periods. Thus, 146 mm of water was  sup-
lied by irrigations programmed in four-day intervals along the
ean cycle.
long the pivot center.

The water distribution obtained in the field evaluation of the
center pivot is shown in Fig. 5. The system applied an average water
depth of 4.25 mm with Christiansen uniformity coefficient (CUC)
equal to 85%. This value is considered good (Ramos and Mantovani,
1994; ABNT, 1998; Tarjuelo, 2005) thus, it can be concluded that the
farmer manages properly the irrigation system (pressure and time)
and the variability of water application along the center pivot is
within the advisable limits for maintaining good water uniformity.

3.1. Soil water retention

The comparison between soil water retention curves from the
disturbed (IR) and non-disturbed (NR) soil samples are depicted
in Fig. 6. It is observed that for a given soil water tension, the soil
water content � in the IR management is smaller than in the NR
management and that for the same �, the first holds it with less ten-
sion. Likewise, the � saturation in the IR is higher than NR but the

macropores will empty sooner, and its minimum soil water content
(near 24%) will be smaller than NR (near 34%). So, the water reten-
tion capacity of soils under NR management would be higher than
IR. Since soil management techniques alter soil aggregates (Araújo
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Fig. 6. Soil retention curves.
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Fig. 7. Calibration

t al., 2010), it would be expected that NR soils have developed
 structure with a fine pore space network; however in IR soils,
he time elapsed, after the incorporation of crop residues, approxi-

ately three months, would had been too short to settle down the
ggregates and develop a proper structure. In addition, the reduc-

ion in water retention is caused, mainly, by the variation in the
mount of pores responsible for the soil water availability reducing
he permanent wilting point as well (Silva et al., 2014).
es of TDR probes.

In summary, soil water content would be higher in NR soils than
in IR, although water will be held with higher tension and the plant
root system will require higher energy to absorb it.
3.2. TDR probes calibration

The average value of the two PVC columns in the TDR
probe calibration is depicted in Fig. 7. It is observed that the
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Fig. 8. Soil water content, rainfall and irrigation depths during common bean cycle.
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Fig. 9. Soil water variation measured in the field durin

xperimental calibration curve agrees with Topp equation and,
ince this is valid and accurate for most of mineral soils (Tommaselli
nd Bacchi, 2001), it was used in the field for the measurement of
.

.3. Assessment of soil water content and soil water availability

Fig. 8 shows the precipitation, irrigation and actual evapotran-
piration depths and the average soil water content along the crop
ycle of common beans. The � was logged daily at 8:00 am except
or certain dates which coincided with either the application of
esticides or heavy precipitation events that flooded the soil. The
oefficient of variation among � readings was 0.12 and 0.14 m3m−3

n NR and IR, respectively.
The rainfall shortage during the period of the study became an

ssue compromising the supply of water for irrigation. In conse-

uence, the center pivot applied less than 16 mm in most irrigation
vents.

It is observed that even though the pattern of � evolution was
imilar in both soil managements, the soil water content was higher
mon bean cycle and calculated by the balance Eq. (4).

(from 0.27 to 0.41 m3 m−3) in NR areas than in IR (from 0.23 to
0.37 m3 m−3) along the crop cycle and it decreases after 36 DAE.
The � drop was more drastic in the days with lack of rain. This
scenario continued up to 54 DAE coinciding with the phenology
stage of grain filling which required a higher evapotranspiration
and thus, higher soil water availability.

Rainfall and irrigation were almost absent from 59 to 67 DAE
(reproductive stage) and � dropped steeply. Likewise, irrigation was
reduced due to a treatment for the white mold (Sclerotinia sclerotio-
rum) infestation that affected the crop, as well as for saving water
which was scarce. This type of infestation is common in center pivot
irrigated areas and may  cause 30–100% reduction in crop yield if
farmers do not adopt preventive measures, mainly during the rainy
season (Oliveira, 2005).

Soil water content increased during the rainy season (from 67
to 74 DAE) coinciding with the pod formation and early grain filling

stages, and it progressively declined beyond 75 DAE at the end of
the crop cycle (grain maturity).

Fig. 8 also depicts a horizontal line which is the soil water
content that would correspond to 40 kPa tension (see Fig. 6).
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Table  2
Mean values for the crop variables evaluated 86 days after emergence DAE.

Pod size (cm) No. grains per plant No. pods per plant Yield (t ha−1) No. grains Per pod

NR 9.34a 4.73a 23.08a 4.95a 109.0a
22
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IR  9.29a 4.72a 

ote: values with the same letter show no-statistical significance in the Student’s t-

his is considered a threshold value to avoid water stress by the
pplication of irrigation (Lopes et al., 2011; Sant’Ana et al., 2011;
ilveira and Stone, 2001). It is noted that the plants suffer a similar
eriod of water stress during all crop cycle in both IR and NR soils.
he longest period started at the end of pod formation (58 DAE)
nd extended to the pod filling (70 DAE). The root system of com-
on  beans usually develops within the first 40 cm soil layer as it
as observed by Bizari et al. (2010) in a clay latosol soil, although

t could reach up to 1.5 m depth depending on soil conditions
Fujiwara et al., 1994). Likewise, the deeper soil layers generally
ontain higher soil moisture than the shallow ones, either in direct
lanting or in conventional soil management (Zanette et al., 2007).
o, it is likely that in this study, the root system of common beans
as withdrawn water from deeper soil layers to meet the crop water
equirements in the water stress scenarios during the flowering to
od filling periods.

Fig. 9 depicts the soil water availability trend calculated as the
ifference between � measured in the field, in two consecutive
ays, and by the balance Eq. (4). It is noted that the ETP was calcu-

ated considering the solar radiation measured in a weather station
0 km north of the experimental site, and that the crop coefficients
orresponded to those of common beans grown in another area
f São Paulo state. In addition, neither the soil spatial variability,
nherent to the change in soil properties, nor the deep percolation
eyond 20 cm,  was measured. Taking into account these remarks,

t is observed that the trend in the estimation of soil water avail-
bility by both procedures matched properly. Precipitation and
rrigation only covered the crop water requirements for most of the
ays within the vegetative stage. Also, the variation of soil water
vailability was higher in IR than in NR conditions at this stage.
he canopy of the plant is small during the vegetative phase and
oil evaporation will predominate over transpiration. Since crop
esidues left on the soil surface reduce evaporation, the IR condi-
ions would have a higher decrease in soil water availability to meet
he crop water requirement that would be similar in both soils.

.4. Crop production

No significant differences were observed in the NR and IR
oil managements regarding the variables studied for yield (see
able 2).

Since the difference in soil water availability during the crop
ycle was small in both treatments, a similar yield would have
een expected. Previous results on common beans have shown that,
nder stress, the plants have a reduced number of pods (Miorini
t al., 2011), less pods per plant (Miorini et al., 2011; Stone et al.,
988), less grains per pod (Carvalho, 2013) and number of pods
Miorini et al., 2011). Also, the plant size was smaller independently
f the event of water stress (Miorini et al., 2011).

. Conclusions

For the same irrigation management along the common bean
ycle, the incorporation of maize residues in the soil (IR) led to soil

oisture contents lower than the maize residues over the soil sur-

ace (NR). However, both soil managements had similar soil water
ontent and variation and they would have similar demand of water
or irrigation.
.99a 5.05a 108.7a

t 0.05 level.

For the same soil water content, NR soils hold it tightly in the
pore space and the root plant system will require higher energy
to absorb it. Thus, it is expected that the root system in IR soils
management will be shallower than in NR since it will withdraw
water easily within the first 20 cm.  However, the other will extend
vertically searching for available water in deeper layers.

Considering the threshold of 40 kPa, the plants of common beans
suffered water stress along the whole crop cycle and at the same
physiologic stages in both IR and NR soils management. The longest
period started at the end of pod formation (58 DAE) and extended
to the pod filling (70 DAE).

The pod size, number of grains per plant, number of pods, yield
and number of grains per pod in common bean plants were non-
statistical significant in the T test at 0.05 significant level.
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