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ABSTRACT

There is currently a lack of information regarding the performance of cover crops grown in the Tadéestahds
region in the North of the Brazilian state of Espirito Santo, where zero tillage is increasingly being adopted. The
objective of this study was to evaluate the agronomic performance of six cover crops (ruzi grass, jack bean, and the
milletsADR 300,ADR 500,ADRf 6010, and BRS 1501) under two irrigation regimefield experiment setup was based
on randomized blocks with split plots and four repetitions. Shoot dry matter content, plant height, leaf area, chlorophyll
fluorescence, and root growth of the cover crops were evaluated. The irrigation regime influences the agronomic
performance of most of the cover crops, with the exception of jack be&D&fd®010 millet, which were tolerant to
water deficiencybased on our evaluations of the variables shoot dry mpléet height, and leaf area. In terms of
biomass productio®DRf 6010 millet is the most suitable crop for use in conservation systems under conditions of
water stress in this region.
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INTRODUCTION For instane, Boeret al (2007) verified that rotating cover
A conventional tillage system can promote tropicaf"PS; that had root systems reaching different soil levels,

soil deterioration, due to the aggregate breakup as well3§$ in nutrient recycling. Furthermore, this increases
compaction and decomposition of the organic matter {Rteraction with other organisms, decreases soil
the soil.A lack of cover crops increases soil exposure §mperature, improves soil structure, and reduces erosion
inclement weathefacilitating water erosion, especially (Wutkeetal, 2009).
when conservation practices are not utilized. Among the cover crops used, mill®gnnisetum
Studies carried out in the Cerrado region of Brazil anglaucumL.) is very adaptable to regions with high
in different soils and climates conditions using coveiemperatures, water deficits, and low fertility soils. This is
crops, mainly Fabaceae and Poaceae familied forage of significant biomass production, which makes
demonstrated a wide range of variability of results. These an excellent alternative for soil conservation
researches have evidenced positive effects provided management systems, such as the zero tillage system (T
the different cover crops and their waste on the soileset al, 2008). The millet displays an even greater
interfering in the physical and chemical soil attributes asapacity for nutrient absorption and a vigorous root
well as in agricultural yields of the crops subsequentlyystem. These characteristics make this particular species
cultivated (Boeet al, 2007; Gama-Rodriguesal, 2007; stand out from the other cover crops (Marcagttal,
Torreset al, 2008; Pedrotet al, 2015; Silvaet al, 2017).  2011).
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The selection of plants that are cultivated in a specifiultivation in the summerin addition to being more
area is very important for recovering and maintaining saélccessible to rural producers in the region. The subplots
quality, because success in plant cultivation depends @arere 5 x 9 m, composed of 16 lines 9 m in length, with a
the adaptations of crops to local soil and climatispace of 0.30 m between the lines.
conditions. Lack of waterfor example, is a factor that  The total area was cultivated with black oategha
limits plant production, and could even compromisstrigosaSchreb) for 70 days and desiccated four months
productive potential. Howevesome species have provenbefore the beginning of the experiment. Then, soil samples
to be more tolerant or adaptable to low water regimes. Were collected for chemical and physical characterization
this sense, irrigation management is a strategy that shouridhe superficial (0.00-0.20 m) and subsurface (0.20-0.40
be considered during plant development stages, especiatiylayers of the soil @ble 1). Based on the results, liming
given water shortages in recent years. and fertilization were recommended in order to meet the

Studies of this nature are necessary in order to evaluatdtivation needs of the species. In line with the base
the options available regarding cover crops for possibgaturation method (Quaggio, 1983), different amounts of
future use of soil conservation systems in the Coast@blomitic limestone were applied manually to each block,
Tablelands region of Brazil. Moreovéhe cultivation of without incorporation, 50 d before planting.
cover crops can significantly and positively influence the The planting grooves were prepared and fertilized
productivity of commercial crops planted in successiomechanically using a zero tillage seed drill with six lines,
In the state of Espirito Santo, particularly in its Northerapplying 500 kg h&of formulated 04-14-08 (15 g per me-
region, where zero tillage crops have resurfaced in aret@s). The seeding step was completed manually on 19
previously cultivated with perennial crops, studieganuary 2016. The seeding density used was 100 seeds of
regarding the development of cover crops is lacking amdzi grass per meter (28 kgha4 seeds of jack bean per
there is no information about the adaptability andheter (100 kg h§, and 70 seeds of each one of the millets
performance of these plants. Therefore, the objective pér meter (16 kg Q. There was no cover fertilization due
this study was to evaluate the agronomic performancetof the objective of the studwhich was to employ the
cover plants using two irrigation regimes, with the goadpecies as cover crops.
future of adopting conservation systems in this region. A sprinkling irrigation system was used with a spacing

of 12 m between the lines and the sprinklers. Due to
MATERIAL AND METHODS significant droughts over the course of the stwayich

This experiment was conducted in the Experimentalecreased the levels of reserved wait@ras not possible
Farm on the S&o Mateus campus of the Federal University provide the irrigation at full depth corresponding to
of Espirito Santo, which is located in the municipality othe estimated values given by the water balance method
Sao Mateus (18°40'268; 39°51'26'W; altitude: 39 m; based on evapotranspiration. The year 2016 was atypical
average annual rainfall: 1240 mm) in the Northern regioin terms of precipitation, with an annual value below 800
of the Brazilian state of Espirito Sanfacording to the mm. For this reason, irrigation depth was limited to 76 mm
Kdppen classification, the climate of the regiorAig  for R1 and 38 mm for R2 and water application intensity
tropical, with a dry season during the winter and raiwas 5.42 mm* During the cultivation period, the water
during the summer (Alvarest al, 2013). The soil was demand of the millet, the most water-demanding crop in
classified as dystrophic yellow argisol (Sarebal, 2013) this studywas 282.06 mm. Of this total, the water deficit
with loamy sandy (superficial layer) and sandy loamwas 143.17 mm (50.76%) and 181.50 mm (64.35%), for R1
(subsurface layer) texturegfdle 1) and flat terrain with an and R2, respectivelyrrigation stopped at 30 and 44 d
average declivity of 2%. after seeding (DAS) in the areas corresponding to R2 and

The experiment was set up using a randomized blo&Kl, respectively
design in a 2 x 6 arrangement of split plots, with four Weed control consisted of weeding the experimental
repetitions. The treatments consisted of two irrigatioonits and using the herbicide glyphosate (2 £)fiathe
regimes in the plots: irrigation regime 1 (R1 — 76 mm) anaws of sprinklers and around the experimental area at 40
irrigation regime 2 (R2 — 38 mm), and six cover crops in thieAS. A sulfluramid formicide was also used at 40 DAS
subplots:Pennisetum glaucuriL.) R. Brown (millets — (bait applied in the intersections), as well as the insecticide
ADR 300,ADR 500, and BRS 1501 — straw productiongeltamethrin (200 mL Haat 45 DAS (applied in all experi-
ADRTf 6010 — forage)canavalia ensiformié..) DC. (jack mental units). The plants stopped being managed at 65
bean = JB), anBrachiaria ruziziensi$sermain & Evrard DAS.

‘Comum’ (ruzi grass = RG). Jack bean and ruzi grass, widely Figure 1 shows the values for sunlight, air temperature,
referenced in the literature, were used because theynfall, irrigation, and air relative humidity (Inmet, 2016)
produce large amounts of biomass and are indicated feicorded during the cultivation period of the cover crops,
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between 19 January 2016 and 24 March 2016. The totmmpounds, including chlorophyll content, determined,
rainfall was 153.40 mm (Figure 1B). in this case, from the chlorophglfluorescence. The data

The agronomic performance was evaluated bgollection occurred at 60 DAS in the central region of the
observing the shoot dry matter production, plant heighfjtermediate leaves, on both the adaxial and abaxial sides
leaf area and root growth. Chlorophyll fluorescence wasf the same leaf in 5 plants per experimental unit.
also evaluated. Root growth was evaluated 65 DAS by gathering roots

The shoot dry matter (DM) production was determinedsing a soil probe (probe style auger), with a gauge
at 52 DAS. Millet plants were collected from a 0.2 x 0.3 reircumference of 1.75 cm, at a depth of 10 cm and a distance
(0.06 m?) area and ruzi grass and jack bean plants fromféb cm from the base of the plants. This area was selected
0.4 x 0.3 m (0.12 m?) area. The plants were weighed obacause it is a region with a high concentration of
0.01 g precision scale. Then, the samples were subjectagtondary roots. The collected soil volume was
to drying in a forced ventilation oven at 65 °C until constar@pproximately 2.44 cm3. Subsequertthg roots were taken
weight was obtainedAfter drying, each sample was to the laboratory to be manually separated from the soil
weighed to determine the dry mass, estimating theith tweezers. In addition, Saffraoftware, developed by
production of phytomass (kg Ba Embrapa Instrumentacadgropecuaria (Jae &

Plant height (PH) was evaluated at 58 DAS by a steRbdrigues, 2008), was used to analyse root images, with
measuring tape. In total, 10 random plants were measuitbé purpose of determining total root length (TRL), average
from the base to the apical meristem, within the usefabot length (ARL), total root volume (TR, total root
area of each experimental unit. surface area (TRSA), and average root diameter (ARD).

Leaf area (LA) was determined at 60 DAS by using aRoot dry matter (RDM) production, by weight, was also
automatic standing leaf area meter (Li-€Ctd-3100). measured, by placing the samples in a forced ventilation
Plants were collected from a 0.2 x 0.3 m (0.06 m2) area anden at 65 °C until constant weight was obtained. The
immediately taken to the laboratory for measurement. roots were weighed on a 0.01 g precision scale.

The Multiplex® optical sensor (Fordg Orsay France) An analysis of variance was completed after all data
generates fluorescence in the plant tissues using multiplad been collected. The results were compared using the
excitation wavelengths (ultraviolet, blue, green and redjukey’s test at a significance level of 5% with the help of
to estimate simultaneously the content of sever&isvaP software (Ferreira, 2000).

Table 1 Soil chemical and physical properties of dystrophic yellayisal in the experimental area. Municipality of S&o Mateus, ES

Layers

Properties 0.60.20 m 0.20.40 m

R1 R2 R1 R2
Chemical attributés
pH (H,0) 5.69 5.58 5.62 5.41
P (mgdm?) 5.09 5.52 4.35 9.45
K*(mgdn3) 30.00 35.25 26.00 36.50
Ca*(cmol dn) 0.90 1.24 0.76 1.06
Mg?*(cmol dm?) 0.40 0.47 0.31 0.43
Al**(cmol dn) 0.04 0.04 0.04 0.15
H+Al (cmol_dn) 2.78 3.26 2.74 3.55
SB (cmo|dm?) 1.41 1.83 1.17 1.61
t (cmol dn3) 1.44 1.87 1.21 1.76
T (cmol dm3) 4.19 5.09 3.91 5.15
V (%) 33.97 35.89 29.83 31.07
m (%) 2.65 2.07 2.76 8.70
SOM (g kg 7.71 9.56 4.94 8.21
Granulometry/
Sand (g kg) 819.41 774.82
Silt (g kgY) 37.98 50.93
Clay (g kg') 142.61 174.25

Analysis determined according t&mbrapa (1997) and by thpipette method (Day1965); R1: irrigation regime 1 (76 mm); R2:
irrigation regime 2 (38 mm); SB: sum of bases; feefive cation exchange capacify; cation exchange capacity at pH \7; base
saturation percentage; m: aluminum saturation percentage; SOM: gailiomatter
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RESULTSAND DISCUSSION plants were cuat 52 DAS, a period close to the booting

As a consequence of a period of intense drought thtf9e of millet development, which occurs at approximately
coincided with the experimental period, all plants werg3-> days after the emergence of the plant, among those
subjected to water deficit conditions, even under R1, tHgillets that are grown for the production of biomass (Cos-
deficit of which was 13.59% lower than that of R2. ta & Priesnit, 2014). This is applicable to BRS 1501, which

The variables DM, PH, and LA showed a significanVas developed for mass production and adapts well to
interaction between the factors cover crop and irrigatioater deficit conditions. Moreoveit has an average
management @ble 2), whereas chlorophyll fluorescence/egetative cycle of 80 to 100 days, which is considered
(Table 3) and root growth éble 4) did not. For the short (Embrapa, 2016Although all other millets are
purposes of presenting and discussing results of the cog8aracterized by good green mass production potential,
crop factor in the variables DM, PH, and LA, the specid§eir growth cycles can be more prolonged compared with
are compared in the R1 regime (condition of better wat#at of BRS 1501, witADR 300 having an early/average
supply). cycle of 92 daysADR 500, a late cycle of 100 days

The millets stand out as being superior with respefEmbrapa, 2016), andDRf 6010, a long cycle (Atto
to the variables DM and PH, although do not diffeAdriana Sementes, 2020)ccordingly, these three
statistically from the other two species for the variable LAmportant characteristics of the BRS 1501 millet contribute
(Table 2). Regarding DM content, BRS 1501 producei® its higher accumulation of DM compared with that of
approximately 27% more DM than the other millets, amorigpe other millets, which may explain its better performance
which there were no significant tifences (@ble 2)The under regire R1.
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Figure 1:Values for sunlight, maximum, average, and minimum air temperature (A), rainfall, irrigation, and air relative humidity (B)
recorded during the experiment by the automatic network weather station of Inmet, located in the Federal University of Espirito
Santo campus in S&o Matetstal rainfall = 153.40 mm.
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In previous studies examining the growt&R 500, al., 2014), whereas the maximum heights of JB and millets
Boeret al (2007) and\raljoet al (2015), using seeding (ADR 300,ADR 500, and BRS 1501) can vary from 0.8 to
densities of 12 kg haand 20 kg hd obtained DM 1.9 m and 1.5 to 2.5 m, respectively (Calegari & Carlos,
productions of 10,801 kg Haand 12,710 kg hg 2014).TheADRf 6010 millet naturally has a smaller size
respectivelyunder conditions of higher precipitation indue to its development for use as a forage. Thus, in the
the Cerrado region of Brazil. Comparatiyafythe present present studyhe PH of this millet was below the maximum
study we obtained an intermediate yield of 12,039 kg h@otential of the species, probably due to the low water
1DM (Table 2), the dference of which may be explicable availability (Figure 1B) and the low fertility of the soll
in terms of the lower water availabiljitthe type of sandy (Table 1), consequently resulting in lower volumes of
soil, and the intermediate value of seeding density usbtbmass. In addition, as discussed for DM, differences in
(16 kg ha). At 52 DAS, the RG and JB cover crops still didthe phenological stages of plants at 58 DAS may have
not realize their maximum potential for DM productionaccounted for the observed differences in PH between
owing to their phenological stages, having only reachexpecies.
the vegetative phase when the millets had already We detected no significant fgfences among the
progressed to the pre-flowering stage with a better sgpecies with respect to LA, which ranged from 2,585 to
RG is a perennial species (Zanatal, 2014) and JB has 3,910 cm? (&ble 2), and can be explained in terms of
a growth cycle of 170 to 200 days (Calegari & Carlogjiversity in the size and number of leaves, with B&
2014). In contrastAdami et al (2020) has previously and millets being notable with respect to leaf number
observed DM productions of 11,419 kgitemd 5,400 kg width, and length, respectivelgontributing to the
ha' for B. ruziziensignd 6,850 kg hand 4,342 kg ha comparable LA measurements among plants.
for millet at 94 and 170 days, respectivelljereby The analysis of variance for chlorophyll fluorescence
highlighting the importance of the effect of phenologicatevealed a significant difference between species for both
stage in the production of DM, as at the time of analysiexcitation channels of the Multipl&xievice (Rble 3).
millet was already undergoing natural decompositiordB showed the highest fluorescence index for the adaxial
whereasB. ruziziensishad reached the stage of fullsurface of leaves, whereas for the abaxial surface, JB
development. was similar teADR 300, with the lowest index. However

Among the milletsADR 300,ADR500, and BRS 1501 we detected no significant differences among the other
showed the highest PH, ranging from 1.09 to 1.21 mpJant types. Chlorophyll contents tend to be higher on
wherea®\DRf 6010 was the shortest, at 0.87 ralfle 2). the adaxial surface of leaves due to the presence of the
There were no significant differences between the heightklorophyll-rich palisade parenchyma, the main tissue
of RG and JB, which were characterized by the shortegisponsible for photosynthesis in plants, whereas the
PH, reaching 0.37 and 0.48 m, respectivelgh{(& 2). abaxial surface is comprised primarily of the spongy
Potentially RG can reach heights of up to 1 m (Zanatta parenchyma, which is characterized by fewer chloroplasts

Table 2 Dry matter (DM) at 52 DAS, plant height (PH) at 58 DAS and leaf area (LA) at 60 DAS of cover crops cultivated using two
irrigation regimes

RG JB ADR 300 ADR 500 ADRf 6010 BRS 1501
Treat. DM (kg 13
R1 5,945 Ca 5,800 Ca 12,891 Ba 12,039 Ba 12,138 Ba  17,642Aa
R2 3,077 Bb 5,248 Ba 6,863 Bb 6,528 Bb 11,409Aa 6,876 Bb
CV (%) Plots 18.81 CV (%) Subplots 20.79

PH (m)
R1 0.37 Ca 0.48 Ca 1.14Aa 1.09Aa 0.87 Ba 1.21Aa
R2 0.23 Cb 0.47 Ba 0.78Ab 0.66Ab 0.79Aa 0.71Ab
CV (%) Plots 5.70 CV (%) Subplots 9.91
LA (cm?)

R1 3,732Aa 3,811 Aa 3,161Aa 3,583Aa 3,910Aa 2,585Aa
R2 960 Cb 4,317Aa 2,120 BCa 1,609 BChb 2,864ABa 1,486 BCa
CV (%) Plots 13.58 CV (%) Subplots 30.55

DAS: days after seeding; Treat.: treatments; R1: irrig ation regime 1 (76 mm); R2: irrigation regime 2 (38 mm); RG: ruzi grass; JB: jack
bean; CV coeficient of variation.Averages followed by the same letter do nofedifrom each other by th€ukey’s test at 5% probability
Uppercase letters correspond to rows, whereas lowercase letters correspond to columns.
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(Taiz & Zeiger 2017). In comparison with RG and millet,and RG are perhaps indicative of their more abundant
JB has wider more horizontal leaves, with wide trifoliatedoot system. In turn, a smaller number of secondary roots
cotyledon leaves, and a bright dark green color (Batrle would be associated with the lowRL andARL values
al., 2006), thereby providing greater exposure to soléinat we obtained for JB further important factor among
radiation and enhancing the capacity of thelants in the Poaceae, is the length of the life cycle of
photosynthetic apparatusccordingly, the good the plants, with plants having a rapid life cycle, such as
performance of JB observed in the present study camillet, being characterized by faster initial root
probably be attributed to its large LA and highedevelopment, compared with plants, such widch have
concentration of chloroplasts (adaxial surface), togetharmore protracted life cycle.
with the advantages related to its leaf morphology With regards to the irrigation regime, with the exception
Differences in photosynthetic attributes, under thef milletsADR 300 and BRS 1501, which did not fasfa
conditions examined in the present stualypear to be significant reduction in the variable LA, all plants showed
related only to differences in the families of the studiedimilar behavior in terms of DM, PH, and L(Aable 2),
plants, differentiating the Fabaceae, represented by IJBereby highlighting the relationship between these
and the Poaceae, represented by RG and the millets.variables with respect to plant growth. Therefore, for all
In terms of root growth, we detected significantissessed variables, RG a&dR 500 were sensitive to
difference between species only for the parameters TRiater deficiencywhereas JB amDRf 6010 were tolerant.
andARL. The milletsADR 300,ADR 500, and\DRf 6010 Under the R2 regime, we observed that the cover crops
showed the highest values fiRL, wherea®\RL values RGADR 300,ADR 500, and BRS 1501 gdafed significant
were highest in RG andDR 300, and JB showed the reductions of approximately 48%, 47%, 46%, and 61% in
lowest value for both measuresfle 4). In contrast, we DM and 38%, 32%, 39%, and 41% in PH, respectively
detected no significant differences among plants withloreover RG andADR 500 sufered significant
respect toTRV, TRSA, ARD, or RDM. These results reductions of approximately 74% and 55% in LA,
appear to reflect differences in the root morphologies oéspectivelywherea®ADR 300 and BRS 1501 defed
the different plant families, with RG and millet (Fabacea&a)on-significant reductions of approximately 33% and 42%,
being diferentiated from JB (Poaceadccording to respectivelyln contrast, we observed JB &idRf 6010
Alcantara & Bufarah (1999), the root system of plants ito be relatively tolerant to a water deficit, showing 10%
the Fabaceae family is comprised predominantly of thend 6% reductions in DM, 2% and 9% reductions in PH,
main root, which explores soil in a vertical directionyespectively and an increase of 12% and reduction of
whereas the plants in the family Poaceae are characteri2g@o, respectivelyin LA.
by a larger number of secondary roots, which are Owing to differences in water precipitation over the
distributed both vertically and horizontallyillet, for  periods evaluated, differences have been reported with
example, produces only a seminal root, which lasts foespect to reductions in DM in studies that have examined
45 to 60 days and can reach considerable depths untler growth ofP. americanunandB. brizanthacv. Marandu
favorable conditions (Embrapa, 2005). Thus, the highéforreset al, 2008) and dP. americanunandB. ruziziensis
root growth (TRLandARL) values obtained for millet (Adamiet al, 2020). Significant reductions in PH have

Table 3 Chlorophylla fluorescence index at 60 DAS of cover crops cultivated using two irrigation regimes

SFR (G) SFR (R)

Treat.

Adaxial Abaxial Adaxial Abaxial
R1 1.7317 1.3140 1.5347 1.1930
R2 1.7516 1.3543 1.5976 1.2258
CV (%) 2.79 4.16 6.37 3.40
RG 1.6889 b 1.3613 a 1.6279 b 1.2250 a
JB 2.2883 a 1.1775Db 1.9482 a 1.0779 b
ADR 300 1.6399 b 1.3121 ab 1.4608 b 1.1934 ab
ADR 500 1.6236 b 1.3537 a 1.4626 b 1.2297 a
ADRf 6010 1.6204 b 1.4206 a 1.4703 b 1.2859 a
BRS 1501 1.5887 b 1.3797 a 1.4270 b 1.2444 a
CV (%) 8.88 7.52 8.77 6.46

DAS: days after seeding; SFR: simple fluorescence ratio (channel of excitation: G = green; R = red); Treat.: treatments; R1: irrigation
regime 1 (76 mm); R2: irrigation regime 2 (38 mm); RG: ruzi grass; JB: jack bear;o€ficient of variation.Averages followed by the
same letters, in columns, do notfdif from each other bffukey’s test at 5% probability
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also been observed under conditions of different waténe chlorophyll content oB. ruziziensiswas
availability forB. ruziziensiandADR 300 (Petteet al,  significantly influenced by water deficienayhich was
2013) and foADR 300 and BRS 1501 (Santetal, 2017). not observed foADR 300 millet, whereas, Bonfim-Sil-
ConverselyBonfim-Silvaet al (2011), usingADR 500, va et al. (2011) detected no significant differences
recorded similar heights for this variety at 35 DAS wheamong corn, sorghum, and millet (Poaceae), with respect
subjected to water availabilities at 30% and 60% of th® chlorophyll content, although they did record
field capacity differences in the response to different water
Although theADR 300 millet sufered reductions in availabilities As shown inTable 3, RG and millet showed
DM and PH, we detected no statistically significanho significant differences with respect chlorophyll,
difference with regards to LA, despite a reduction iconsistent with the findings of the aforementioned
absolute value between regimes R1 and RBIEN2). Si- study by Bonfim-Silvaet al (2011). Contrastingly
milar results have been obtained by Ramos Jwtiat however the irrigation regime did not appear to
(2013), who found that the L&f ADR 300 was dected influence these results. It could, thus, be inferred that
by a reduction in water potential in the soil, ranging fronthe difference in water restriction between R1 and R2
2,200 to 5,000 cm?. In addition, they found that the variatiomas small to promote difference in the physiological
in PH was similar to that in DMA reduction of LAis the responseAssessments of chlorophyll fluorescence
most prominent response of plants to low water availabilitysing the Multiplex® (Agatet al., 2012; Longchamps
and is considered to be a mechanism whereby plants ad&pKhosla, 2014) can be useful for detecting abiotic
to water deficit (@iz & Zeiger 2017).The results of the water stress over intervals of water deficiency longer
present study serve to indicate the prominent effects tfan that imposed in the present study
water availability on DM, PH, and LA. We also found that the irrigation regime did not
We anticipated that the dérence in water stress significantly influence the root parameters assessed in
between R1 and R2 would be reflected in outhe present studywhich contrasts with the findings
physiological measurements of chlorophylireported by Pettaat al. (2013), who observed reductions
fluorescence (@ble 3), particularly in RG artAhDR 500, in root dry matter and root volume in response to an
which were characterized by significant reduction ifncreased water deficit iARDR 300 andB. ruziziensis
LA in response to water deprivatiorafille 2). However Similarly, Ramos Juniagt al (2013) observed a reduction
physiologically the plants showed a comparablen the root dry matter iADR 300 in response to a reduction
pattern of behavigrindicating a similarity in their inwater availability; howevethe length of time that plants
responses to the two irrigation regimes andyere exposed water deficiency was notably longer than
consequently maintenance of the photosyntheticthat imposed in the present study
potential, given that this potential is directly related to During our analysis of the roots of cover plants, we
the chlorophyll content of leaveéccordingly, this observed that plants in the Poaceae were characterized
implies that the rate of photosynthesis is not morey roots with a higher total volume and smaller individual
sensitive than leaf area to water stress, as pointed dhickness, whereas in contrast, the roots of JB had a lower
by Taiz & Zeiger (2017). Pettat al (2013) found that total volume but greater individual thickness. These

Table 4 Total root length (TRL), average root length (ARL), total root volumeJ)T Btal root surface area (TRSA), average root
diameter (ARD) and root dry matter (RDM) at 65 DéfSover crops cultivated using two irrigation regimes

Treat. TRL (mm) ARL (mm) TRV (mm?3) TRSA (mm?) ARD (mm) RDM (g)
R1 3,898.99 14.44 1,907.27 6,632.88 0.4695 1.3686
R2 2,653.61 12.76 1,704.16 5,643.96 0.4053 1.3628
CV (%) 49.84 59.82 181.80 110.16 66.52 1.87

RG 2,900.45 ab 15.79 a 1,626.82 5,769.66 0.4908 1.3703
JB 1,155.62 b 9.20 b 490.43 1,972.09 0.4202 1.3690
ADR 300 4,488.66 a 15.18 a 2,893.21 8,810.65 0.4589 1.4104
ADR 500 4,230.94 a 14.82 ab 2,585.08 8,458.02 0.4443 1.3240
ADRf 6010 4,042.80 a 14.74 ab 2,225.04 7,320.99 0.4072 1.3459
BRS 1501 2,839.34 ab 11.88 ab 1,013.70 4,500.10 0.4030 1.3746
CV (%) 50.61 28.70 131.04 78.01 33.88 5.42

DAS: days after seeding; Treat.: treatments; R1: irrigation regime 1 (76 mm); R2: irrigation regime 2 (38 mm); RG: ruzi grass; JB: jack bean;
CV: coeficient of variation.Averages followed by the same letters, in columns, do nérdifom each other byfukey’s test at 5%
probability.
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