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ABSTRACT

Although it is an important vegetable used as a culinary ingredient around the world, there is little information on
the characterization of growth and productivity of garlic‘dwmarante’.The objective of this study was to evaluate
the morphophysiological and productive characteristics of 20 accessions of ‘Amgaatitefrom theVegetable
Germplasm Bank of the Universidade Federaligesa (BGH/UFV)The experiment was conducted in the field, in a
randomized complete block design, with four replications. During the garlic cycle, plants were evaluated for morphological
characteristics, green color intensigyowth analysis, harvest index, and bulb producti\bigta were subjected to
analysis of variance, and the means were grouped by the Skott-Knott criteria. The Pearson correlation coefficient was
estimated between morphophysiological characteristics and bulb yield. The accessions presented different behavior
during the evaluations. BGH 7616 stood out for showing the greatest leaf area, harvest index, dry mass of leaves,
pseudostem, bulb, and whole plant, resulting in the greatest total and commercial bulb yield. The highest correlations
were found between total yield and leaf area duration (r = 0.7263,04) from 87 to 114 days after planting (DAP) and
between total yield and leaf area at 87 AR 0.6442, p < 0.01Among the evaluated characteristics, the leaf area at
87 DAP and leaf area duration from 87 to 114 DAP were the morphophysiological characteristics that most influenced
the bulb yield in ‘Amarante’ garlic.
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RESUMO

Caracterizacéo do crescimento e produtividade de acessos de alho ‘Amarante’

Embora seja importante hortalica condimentar em todo 0 mundo, existe pouca informacao relativa a caracterizacao
do crescimento e produtividade dos acessos de alho ‘Amarante’. O trabalho teve por objetivo avaliar caracteristicas
morfofisioldgicas e produtivas de 20 acessos de alho ‘Amarante ‘do Banco de Germoplasma de Hortalicas da Univer-
sidade Federal ddcosa (BGH/UFV). O experimento foi conduzido a campo, no delineamento em blocos ao acaso, com
quatro repeticdes. Durante o ciclo, foram avaliadas as caracteristicas morfolégicas das plantas, intensidade da cor
verde, analise de crescimento, indice de colheita e produtividade de bulbos. Os dados obtidos foram submetidos a
analise de variancia, e as médias agrupadas pelo critério de Skott-Knott e estimado o coeficiente de correlacdo de
Pearson entre caracteristicas morfofisiol6gicas e produtividade de bulbo. Os acessos apresentaram comportamento
diferencial durante as avaliacfes. Dentre esses, 0 BGH 7616 destacou-se por apresentar maiored ddezefdéar
colheita, massas de matéria seca de folhas, pseudocaule, bulbo e da planta inteira, resultando maiores produtividade
total e comercial de bulbos. Maiores correlacdes foram encontradas entre produtividade total e duracéo de area foliar
(r=0,7263; p< 0,01) no periodo de 87 a 114 dias apds o plantio (DAP) e entre produtividade total e area foliar aos 87
DAP (r=0,6442; 5 0,01). Dentre todas as caracteristicas avaliadas, a area foliar aos 87 DAP e a duracao da area foliar
no periodo de 87 al4 DAR foram as caracteristicas morfofisiolégicas que mais influenciaram a produtividade de
bulbos de acessos de alho ‘Amarante’.

Palavras-chaveAllium sativum:analise de crescimento; produtividade.
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INTRODUCTION From the foregoing, therefore, the objective of this
. . . . . t t luate th i i
Garlic (Allium sativurrL.) is one of the st important study W?S. o eva u.a © e mor_pho_physmlog@al
: ool . . . _Characteristics determinant of bulb yield in 20 accessions
vegetable crops in Brazil. It is used in regional and na’uona#

. L . . of ‘Amarante’garlic from the BGH/UFV
cuisine, in which its flavor and condiment properties are

highly ap_premat_ed (OI|v_e|rrat al, 201ON|aqagt al, 2016). MATERIAL AND METHODS

Despite the increasing supply of garlic in the domestic
market, the Brazilian production is insufficient to meet The experiment wasnducted in the vegetable expe-
national demand (Resenekeal, 2013, Lopest al, 2016a, rimental field of the Departmento de Fitotecnia (Plant
b). Brazil is a major consumer and the warkBcond lgiest  Science Department) of the Universidade Feder&lide
importer of garlic. In 2015, the Brazilian production wagosa (UFV), fronApril to September 2008icosa, Minas
120,569 t while imports were near 161,760t (Agrianual, 2017erais, Brazil, is located at 20°45’S, 42°51'W and 651 m

Garlic average yield in Brazil is 11 thi@grianual, 2017), altitude. During this period, the minimum, average, and
and yield increase has been achieved in the last yearaximum temperatures were 5.7 °C; 18.0 °C and 33.2 °C,
thanks to the use of cultivars more adapted to planting liespectivelyand the minimum, average, and maximum air
several producing regions (Lopetsal, 2016b). Knowledge relative humidity were 51%; 81%; and 95%, respectively
on ecophysiology of garlic will help crop managementhe minimum photoperiod was 10.85 hours and the
decisions, allowing strategies to improve adaptation ofiaximum 11.96 hours.
plants to climatic conditions (Kirt al, 2013). The experiment consisted of 20 treatments, correspon-

Some physiological characteristics such as crop indeling to the 20 accessions of ‘Amarante’ garlic from the
and leaf area duration have been used as rapid and ndegetable Germplasm Bank of UBSGH/UFV) (Table 1).
destructive assessment tools in tropical root crops, e.ghe experiment was arranged in a randomized block
in cassava breeding programs (EI-Shark&096 a, b ). In design, with four replications. The experimental unit of
garlic, cultivar yield has been directly related to the lea.0 n¥ consisted of a plot with four rows of 2.0 min length,
area, the leaf area duration, as well as the pattern of dygaced 0.25 m apart, and plants at each 0.10 m.
matter allocation in plant organs (Marcadisal, 1998). Plant beds followed an east-west arrangenfdré0

In Brazil, two types of garlic are cultivated: the commomlays before planting, the soil was amended with 2.6 t ha
garlic, which has small bulbs with many small bulbils ot of dolomitic limestone, PRNT 80%. The soil was classified
low commercial value, and the noble garlic, which hags Cambic Red-&flowArgisol, with the following chemical
large bulbs with few bulbils and high commercial valu@nd physical characteristics: pH in water (1: 2,5)=5.8; P =
(Rezendet al, 2013 Albuquerqueet al, 2017). Common 220 mg dn; P-rem = 30 mg t; K = 160 mg dnt; Ca?=
garlic cultivars require a lower level of technology and aré.4; Mg?=1.1Al**=0.4; H +Al = 6.44; SB = 7.91; CTC (1)
cultivated by family farming, while the noble garlic=7.91and CTC (T) = 14.35 cmdim?; V = 55%; m = 0%;
cultivars are cultivated in high-technology farms. OM=2.8dagkg; Zn=56; Fe =112;Mn=8;Cu=2eB =

Cultivar ‘Amarante’ is classified as “semi-noble”2mg dn¥; clay = 30%; silt = 13%; coarse sand = 25%; fine
because presents medium-size bulbils, in number of 8sand = 32%; textural classification = sandy clay frank.
12 per bulb, similar to the noble garlic cultivars, but does Fertilization at planting consisted of 28.26 t'lud
not have large bulbs. It presents medium cycle, with purpt&ttle manure (dry matter) and the following rates (kg ha
bulbils, rare pseudostem, and intermediate requirement'pfand sources of macro and micronutrients: 120 kg of
cold temperature and long day length for bulbificatio@mmonium sulphate; 833 kg of single superphosphate;
(Albuquerqueet al, 2017). It is not as demanding in terms21.0 kg of potassium chloride; 3.0 kg of zinc sulfate; 5.0 kg
of cropping technology as the noble garlic, but reachdmrax; 5.0 kg copper sulphate; and 250 g sodium molybdate.
higher marketing values than the common types. Féit 50 and 100 days after planting, 140 kg bBammonium
these reasons, it has been cultivated in southeastern Bratilfate and 24 kg Heof potassium chloride were applied.
where ecotypes have been given diverse denominations Planting was carried out on 08/04/2008 using bulbils
creating a group calledimarante. retained by an 8x17 mm mesh- sieve (3) and fresh mass

Despite the importance and worldwide garlic farmingyarying from 1.08 to 1.59 g éble 1). Bulbil samples of all
studies on the physiological determinants of crop yieldccessions, at planting, had dormancy breaking index (IVD)
are scarce. These evaluations are important because taegve 90%. The bulbils were hand-planted, with apex
make it possible to understand the physiologicdacing upwards, and covered with about 1.5 cm of soil.
interactions of each plant material with the edaphoclimatic The crop was kept weed-free by hand weeding. The
conditions of the region and explain the possiblphytosanitary control was performed with products
differences in bulb yield. specific and registered for the crop. laign was carried
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out by microsprinkling managed for all stages of cropvere recorded on each leaf, one in the middle and another
development and interrupted at 20 days before harvestbout 2/3 of its length, and the average was used.

In order to do the morphophysiological evaluations, The measurements for growth analysis were performed
the crop cycle was divided into four phases. The firsh two competing plants randomly chosen in the harvest
phase, from 59 to 87 days after planting (DAP)area. Leaf number (LN NFP) was obtained by counting all
corresponding to the stage of axillary bulb differentiatiorthe leaves in the plant with a minimum size of 50 mm in
the second phase, from 87 tb41IDAPR corresponding to length. Leaf area (AF) expressed ag/gtant was obtained
the end of bulb differentiation and beginning of bullby reading all leaves in a LICOR leaf area integrator (Model
filling; the 3¢ phase, from 14 to 136 DAPcorresponding 3100Area Meter®).
to the stage of bulb filling; and"ghase, from 136 to 156 Dry masses of different plant parts were obtained after
DAP, finishing with the end of bulb filling, leaf senescencedrying the material at 65 °C in an oven with forced
and maturation. ventilation to constant mass. Growth analysis was

Leaf green intensity (2¥®), leaf number (LN), leaf performed by calculating the following indices: plant
area (LA), and leaf dry mass (LDM), pseudostem (PDMJeglative growth rate - PRGR = (In PLUn PL)/(t,- t) as (g
bulb (BDM), roots (RDM), and whole plant (WPDM) wereg™ tIME™); bulb growth rate - BGR = (In PBRn PBR)/(t,
evaluated at 59, 8714, 136, and 156 DAPlantrelative -t ) as (g d time?); plant net assimilation rate - PNAR =
growth rate (PRGR), bulb growth rate (BGR), plant nefPL, - PL/t, - t) x (InA, - InA /A, -A)); and bulb net
assimilation rate (PNAR), and ), bulb net assimilation ratssimilation rate - BNAR = (PBPB/t,-t) X (InA, - InA /
(BNAR), leaf area ratio (LAR), bulb area ratio (BAR), andA, -A)); leaf arearatio - LAR = [(APF) + (A/PF)]/2 as
leaf area duration (LAD) were calculated for the period&n?g?); and bulb area ratio - BAR = [(APB) + (A,/
5910 87; 87 to14; 114 to 136; and 136 to 156 DAR 156  PB))]/ 2 as (drig™); leaf area duration - LAD = [(A+A))
DAP, data that generated the harvest index and the toxalt,—t)]/ 2; harvestindex HI = BDMTotalDM, where:
and commercial bulb yields were collected. In = natural logarithm; PW2 = plant weight at time 2 and

Leaf green intensity ($¥) was performed in two PW1 = plant weight attime 1;t2 =time 2 and t1 = time 1;
competing plants on the*2xpanded leaf (newly mature BW2 = bulb weight at time 2 and BWP1 = bulb weight at
leaves), from the apex to the base of the plant from 7 to fihe 1;,A2 = plantleaf area time 2 aAd = plant leaf area
hours using a portable chlorophyll meter (MINZL time 1; IW2 = plant leaf weight at time 2 antM1 = plant
CHLOROPHYLLMETER SRD - 502).Two measurements leaf weight at time 1;

Table 1: Treatment (accessions), origin, fresh and dry masses of bulbil samples of ‘Amgaaliteiccessions from thegetable
Germplasm Bank - UFV

Mass (g/bulbil)

Treatment (Accessions) Origin
Fresh Mass Fresh Mass

BGH - 4899 NR? 1.16 0.44
BGH - 5934 Vigosa - MG 1.45 0.55
BGH - 5939 Vigosa - MG 1.31 0.49
BGH - 5940 Vigosa - MG 1.29 0.48
BGH - 5941 Espirito Santo 1.41 0.53
BGH - 6394 NR? 1.42 0.54
BGH - 7614 Espirito Santo/EAMIG-1 1.23 0.46
BGH - 7615 Espirito Santo/EARMIG-2 1.32 0.50
BGH - 7616 Espirito Santo/ERMIG-3 1.17 0.44
BGH - 7617 Espirito Santo/ERMIG-4 1.59 0.60
BGH - 7618 Espirito Santo/EAMIG-5 1.44 0.54
BGH - 7619 Espirito Santo/ERMIG-6 1.19 0.45
BGH - 7620 Espirito Santo/EAMIG-7 1.08 0.41
BGH - 7621 Espirito Santo/EAMIG-8 1.29 0.49
BGH - 7622 Espirito Santo/EARMIG-9 1.23 0.46
BGH - 7623 Espirito Santo/ERMIG-10 1.19 0.45
BGH - 7624 Espirito Santo/ERMIG-11 1.27 0.48
BGH - 7625 Espirito Santo/EARMIG-12 1.19 0.45
BGH - 7626 Espirito Santo/ERMIG-13 1.26 0.47
BGH - 7627 Espirito Santo/ERMIG-14 1.24 0.47

* Bulbils retained by sieve 3NR - Origin not identified in the passport data.
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At 156 days after planting (13/09/2008), with plantsespectively However differences were found between
showing 2/3 of senescent leaves, all the accessions wtre accessions for LA, LDM, PDM, akidPDM (Table 3).
harvestedAfter harvesting, the plants were pre-cured irin this phase, the accessions BGH 5934, 7616, 7617, 7621,
the field for two days and taken to a drying shed to conand 7623 showed the highest values for LA, LDM, PDM,
plete the curing process for seven days. Once the garied WPDM, and the accessions BGH 5939 and 6394 for
was dried and fully cured, the senescent leaves wdrd, LDM, and WPDM, characterizing larger plant size
trimmed off and the bulbs were classified based on tled larger photosynthetic area in relation to other
diameteraccording to Ordinance No. 242 of of the Braziliaraccessions.

Ministry of Agriculture — MAFRA - 17/9/1992, as follows: The accessions BGH 7614, 7618, and 7620 were grouped
class 7 = extralarge (> 56 mm); class 6 = large (48-56 mmyith the accessions with the high@&stand CY(Table 2);
class 5 = medium (43-47 mm); class 4 = small (38-42 mnf)pwever in this phase, they were inferior to the other
class 3 = very small (32-37 mm), and discards (< 32-37 ng¢cessions for the characteristics LA, LDM, PDM, and
and their respective masses (g) were obtained. WPDM (Table 3).These accessions did not express

Total production included all harvested bulbs andchorphological features that led them to higher yields at
commercial production included bulbs that fit into clasthe end of the cycle, although these characteristics (LA,
ses 3 to 7. The yield (t Hawas estimated with a plant LDM, PDM, and WPDM) presented a significant and
population in 8,000 positive correlation with TY (r = 0.5320, 0.5498, 0.2629,

Data were subjected to analysis of variance and tla@d 0.5180, respectively < 0.01).
means of accessions were grouped by the Scott-Knott The fact that accessions BGH 5934, 5939, 6394, 7616,
criterion at 5% of probability level. The association/617, 7621, and 7623 have higher LA, LDM, and WPDM,
between total bulb yield and morphophysiologicapositively correlated withTY, indicates that these
gquantitative variables was estimated by the Pearsauncessions had already shown great potential for bulb
correlation codicient, which were tested usingu8lents  production at the beginning of the cycle.

t-test at 5% probability level. In this phase (59 DAP), differences between the
accessions were found for theAAPindex (Table 2).
RESULTSAND DISCUSSION Accessions BGH 5934, 6394, 7616, 7617, 7621, and 7623

. , showed the lowest values, with AP indices ranging
There was difference between accessions for tOtf%m 59.05 to 60.51, although they had the highest values

(TY) and commercial (CY) bulb yields in the harvest ajy) 5 | by andwPDM (Table 3). In contrast, BGH 7620
156 DARThe accessions BGH 5934, 5939, 6394, 7614y, 04 4 high 98 index (61.78), but with lower LAnd

7616, 7617, 7618, 7620, 7621, and 7623 stood out with tE%M (Table 3), indicating a higher chlorophyll content

high(_ast ylelds (_ﬁble 2).There was a sign_ificant a.nd per leaf blade uniThe correlation between AP andTY
positive correlation between CY and TY (r =0.9971; p Was negative and significant (r = -0.2085; p < 0.05),

0.01), indicating that accessions with higher TY also hamdicating that lower S&D values are related to higher
higher CY Considering that the same number of plant[%tal yields (TY)

were collected per unit area for all accessions, higher TY There was positive correlation of LA, LDM, and

and CY indicate bulbs with higher fresh mass, appp\ ywith Ty (r=0.5320, 0.5498 and 0.5180, respectively
important characteristic since these reach better marlﬁaL 0.01) Although with higher LA, LDM, andVPDM,
prices. , ~_ theaccessions BGH 5934, 6394, 7616, 7617, 7621, and 7623
The results of total yield of cmarante found in this 1 4 1\ver SRD indices This shows an &ct of N dilution
study agree with those found by Sikfzal. (2000), which 1, 16 jeaf blade, because of the greater LA growth, the N
was 10.86 t/ha, but were well above 2.5 tha found By o yistrinuted throughout the mass (Baakteal, 2010),
Resendeet al. (2013), Wh'Ch _demonstrate the need Quhich is confirmed by the negative correlation between
understand the ecophysiological aspects of the crop, &8\D andTY.
discussed belaw In the period between 59 and 87 DA difference
) o was found between the accessions for PRGR, BGR,
1% PHASE - 59 to 87 DAP: differentiation of  pnNAR, BNAR, and BAR. The variations for these
axillary bulbs characteristics were respectively: 0.15 to 0.31 geek
The evaluation carried out at 59 DAIrresponding *; 0.01 to 0.39 g-§week?; 0.23 to 0.46 g driweek?; 0.02
to the beginning of the bulb differentiation phase, fountb 0.05 dnt week?, and 5.01 to 5.12 dAg?. However
no difference between the accessions for LN, BDM, argtcessions BGH 5939, 7617, 7618, 7623, 7626, and 7627
RDM. The results for these characteristics varied froshowed higher LAR, although no correlation was found
4.75t05.87 ud/plant, 0.12 to 0.27, and 0.10 to 0.20 g/plabetween RAFRNd K.
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Table 2:Mean of green color intensity (8P) at 59, 87, and14 DAP; leaf area ratio (LAR) from 59 to 87, frotlto 136, and from 136 to 156; leaf area duration (LAD) from 59 to 87, fro

87 to 114, and from 114 to 136; plant relative growth rate (PRGR) from 114 to 136; harvest index at 156 and total (TY) and commercial (CY) yield of bulbs at 156 DAP of ‘Amararllte’ garlic

accessions from théegetable Germplasm Bank - UFV

. SPAD LAR LAD PRGR 1 .
Accession (unit) (dm2 g (dm? week?) (9 g* week?) HI TYt ha CYt ha
59 87 114 59t0 87 114to 136 136to 156 59to87 87to14 114to 136 114to 136 156 156 156
BGH 4899 64.62a 54.7l1a 60.61b 0.61b 0.29 a 0.148a 306.27c 489.10d 462.06b 0.19a 0.72a 8.44 c 8.37c
BGH 5934 59.27b 51.15b 60.30b 0.66b 0.26 b 0.130b  516.34 b 808.76 b 656.06 a 0.12b 0.67b 11.09 a 11.02 a
BGH 5939 63.58a 52.8la 62.48a 0.74a 0.30 a 0.160a 484.53b 713.09c 604.15a 0.13 b 0.67b 11.35a 11.35a
BGH 5940 60.45b 52.73 a 58.86 b 0.66 b 0.28 b 0.150a 368.47c 608.60 ¢ 560.55 b 0.16 a 0.66 b 9.36 b 9.07b
BGH 5941 62.77a 5447 a 66.97a 0.67b 0.26 b 0.120b  401.41c 649.72 c 502.78 b 0.12b 0.67b 9.52b 9.48 b
BGH 6394 60.51 b 55.00 a 60.33 b 0.68b 0.30 a 0.150a  495.54 b 857.25b 655.88 a 0.05b 0.64b 10.74 a 10.70 a
BGH 7614 58.73b  49.65Db 5941b 0.67b 0.32a 0.120b  358.13¢c 633.35¢c 552.45D 0.23 a 0.71a 10.25 a 10.16 a
BGH 7615 61.83a 52.21b 58.13 b 0.62b 0.26 b 0.130b  375.77c 607.85c 549.58 b 0.17 a 0.62b 9.73 b 9.50 b
BGH 7616 59.91b 50.08 b 58.75 b 0.67b 0.25b 0.120b  668.97 a 1054.14 a 749.71 a 0.05b 0.72a 12.49 a 12.49 a
BGH 7617 60.10b  50.11b 58.83b 0.72a 0.27b 0.120b  551.58 b 868.58 b 688.81 a 0.13b 0.64b 10.79 a 10.70 a
BGH 7618 58.67b  48.83Db 58.15b 0.71a 0.31a 0.150a 505.71b 779.79 b 614.60 a 0.17 a 0.63b 10.14 a 10.08 a
BGH 7619 61.32a 56.62 a 63.98a 0.60b 0.28 b 0.141b 261.81c 428.84d 386.96b 0.19a 0.67b 7.00c 6.61d
BGH 7620 61.78a 50.90 b 59.25 b 0.62b 0.30 a 0.141b 450.20 b 790.07 b 611.35a 0.13 b 0.66 b 10.74 a 10.66 a
BGH 7621 59.86 b 49.96 b 59.78 b 0.67b 0.29 a 0.150a 532.36 b 790.60 b 613.01 a 0.18 a 0.61b 9.98 a 9.80 a
BGH 7622 62.08a 49.80b 58.10 b 0.66 b 0.31a 0.150a 485.50 b 733.22 b 613.47 a 0.20 a 0.69 a 9.43 Db 9.21b
BGH 7623 59.05b 51.12b 57.01b 0.75a 0.31a 0.146a 526.46 b 904.10 b 700.16 a 0.02b 0.66 b 10.73 a 10.62 a
BGH 7624 62.33a 53.32a 62.76 a 0.66b 0.26 b 0.140b 381l.75c 576.80 c 519.28 b 0.22 a 0.68 a 8.41c 8.28¢
BGH 7625 60.65b 53.90 a 58.35b 0.62b 0.36 a 0.170a 296.52c 534.78d 469.88b 0.20a 0.65b 8.01c 7.90c
BGH 7626 61.75a 50.63 b 56.41 b 0.70 a 0.32a 0.150a 395.18¢c 675.69 c 607.21 a 0.20 a 0.63b 8.67 c 8.42c
BGH 7627 61.25a 51.53b 59.28 b 0.72a 0.32a 0.150a 326.21c 641.07 ¢ 652.23 a 0.20 a 0.66 b 9.13 b 9.00 b
CV (%) 3.24 4.11 5.65 8.81 11.20 13.34 18.48 14.84 16.95 54.87 5.22 9.55 10.31

In the columns, groups of means followed by the same letter are not significafehemtifoy the Scott-Knott criterion at 5% probabiliBold numbers highlight the group with the highest means.
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2nd PHASE - 87 to 114 DAP: end of bulb The access BGH 7616 showed the greatest leaf area
differentiation and beginning of bulb filling duration (LAD) and, therefore, it was able to perform the
reatest photosynthetic activity because of the largest
af area over time. LAD also showed positive correlation
ith TY (r=0.6789; p <0.01), evidencing a possible reason
for the bulb potential of this accessidgkccording to

. L. ichards (2000), crop growth duration and solar radiation
accession BGH 7616 stood out for the characteristics Lﬁl ( ) P9 uratl 'l

o o S0 WP, s B esor 1 v ororns Pt e e
5934, 6394, 7618, 762, and 7622 stood out for LN and BDI\anse Lentlthe crop yield photosy ’
accessions BGH 7614 and 5939 had the lowest LN, LA, >0 P yield.

. Between 87 and1¥ DAR there was no dérence
LDM, PDM, BDM, and WPDM; accessions BGH 7617’between the accessions for PRGR, BGR, PNAR, BNAR,

7620, and 7623 had the largest LN and the smallest Lﬁ‘AR and BARValues varied, respectivefyom: 0.15 to
LDM, and PDM. The morphological characteristics LN 5, g glweekll' 0.2810 0.61 g'éweekl' 02910 0.56. gdm

LA, LDM, PDM, BDM, and WPDM were positively 2 week:

latedwith TY (r=0.4058. 0.6442. 0.6100.0.5811. 0.41 ; from 0.08 to 0.17 drfwveek?; from 0.52 to 0.66 dm
correlated with TY (r=0.4058, 0.6442,0.6100,0.5811, 04188, 4 rom 3.44 to 8.55 diw™. In this period, LAD of
and 0.6309, respectively < 0.01).

accession BGH 7616 stood out from the others and the

The accessions BGH 5934, 6394, 7618, and 7621 Sho"\fzeoorlrelation between LAD and TY was 0.7263 (p < 0.01),

the hl.ghest LN and BDM and BGH ,76,17’ 7620, and 76Q\ﬁhich was the greatest correlation over all growth stages.
the highest LNAIl these characteristics also presente owever the other characteristics of growth index did

significant and positive correlation wiltY. By the end of not correlate withTY; thus, LAD proves to be a funda-

bulb d|ffe_rent|at|on, the accession BGH 7616 contmue%emal characteristic for the production of plant dry mass.
to keep high values for the characteristics LN, LA, LDM,

PDM, BDM, and WPDM, which correlated significantly ~ 3¢ PHASE - 114 to 136 DAP: bulb filling

and positively withry. . In this phase, there was no significant difference
The highest SRD indices were recorded for the petween the accessions for LN and RDM, which varied
accessions BGH 4899, 5939, 5940, 5941, 6394, 7619, 7684m 9.75 to 11.50 ud/plant and 0.10 to 0.75 g/plant,
and 7625 (&ble 2).The SRD index showed the same respectivelyHowever differences were observed between
behavior as in the 1st phase, where plants with the loweglcessions for LA, LDM, PDM, BDM an/PDM (Table
vegetative growth had the highest readings (concegy. The accession BGH 7616 again stood out for the
tration efect). The correlation between 8B andTY was  characteristics LA, LDM, PDM, BDM and WPDM,
negative (r =-0.4089; p < 0.01), demonstrating that lowgjoviding larger plant size, photosynthetic area, and bulb
SFAD values are related to higheY.Again, BGH 7616  mass. The accessions BGH 5934, 6394, 7617, and 7623 had

had lower SRD, despite a higher LA, while the the highest LA, LDM and PDM and BGH 7620 the highest
accessions BGH 5939 and 6394 had high&ts#hd lower | A and LDM, indicating greater photosynthetic area.

LA. The accessions BGH 5934, 7614, 7616, 7617, 7618, |n this evaluation, the characteristics LA, LDM, PDM,

7620, 7621, and 7623, belonging to the most producti@bM and WPDM showed significant and positive
group, had the lowest 8P. This type of response correlation with TY (r = 0.6654, 0.6082, 0.5736, 0.3966, and
demonstrates the effect of chlorophyll dilution in the lea). 6146, respectively; p < 0.01), although the accessions
blade due to the higher growth rattmong the BGH 5939, 7614, 7618, and 7621 are clustered into the group
characteristics, the accessions BGH 5934, 6394, 7618, ajithccessions with the lowest values for these characte-
7621 had the highest LN and LDM and BGH 7617, 762Qistics. BGH 7614 showed the lowest LA, LDM, PDM,
and 7623 the highest LN; all these characteristics showgthM and WPDM, indicating that until the beginning of
significant and positive correlation withy. bulb filling (114 DAP), it had not presented morphological
Accessions BGH 5939, 7617, and 7623, specifically isharacteristics to explain its clustering in the group of the
this evaluation, had the lowest LA, LDM, PDM, BDM, highesfTY and CY On the other hand, in this evaluation,
and WPDM. It was found that the accession BGH 7614he accessions BGH 7618 and 7620 showed morphological
until this evaluation, had not presented morphologic@haracteristics with a significant and positive correlation
characteristics in terms of shoot dry mass to explain itsat justified the participation in the group of accessions
clustering in the group of the highest bulb yields. In thigith the highesTY and CY
phase, BGH 7618 and 7620 had already shown The accessions BGH 5939, 5941, 7619, and 7624 had
morphological characteristics such as LN and BDM witkthe highest S&D indices; while the BGH 5934, 6394, 7616,
positive and significat correlation withr'Y. 7617, 7620, and 7623 had the lowegkBlhdices, but the

In this phase, no difference was found between t
accessions for RDM, which ranged from 0.12 to 0.35
plant, but there were di#rences for the 3 index (Table
2), LN, LA, LDM, PDM, BDM, and/VPDM (Table 3)The
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Table 3: Mean leaf number (LN) at 87; leaf area (LA), and leaf dry mass (LDM) at 59, 8714nlulb dry mass (BDM) at 8714, and 156; and pseudostem dry mass (PDM), and dry ma$

of whole plant (WPDM) at 59, 8714, and 156 DARf ‘Amarante’garlic accessions from théegetable Germplasm Bank - UFV

Accession LN LA LDM BDM PDM WPDM
(ud) (dm?pl) (g plant?) (g plant?) (g plan} (g plant)
87 59 87 114 59 87 114 87 114 156 59 87 114 156 59 87 114 156

BGH 48997.50b 0.72b 2.39c¢ 2.77c 0.85b 2.17c 3.25b 047b 235c 10.10b 0.27b 057c 2.00b 150b 1.42b 3.42c 7.70c 13.87b
BGH 59348.00a 1.28a 3.98b 4.56a 1.32a 3.42b 542a 0.72a 3.82b 13.22a 0.37a 117b 437a 3.22a 2.05a 560b 13.95b 19.75a
BGH 59397.75a 1.40a 354b 4.00b 1.42a 2.82b 437b 052b 2.72c 1467a 0.32b 0.75c 3.27b 3.27a 212a 4.35c 10.60c 21.55a
BGH 59407.25b 0.90b 2.85c 358b 1.05b 227c 3.75b 0.32b 3.12b13.30a 0.35b 0.55c 3.32b 3.22a 1.85a 3.35c 10.47c 19.92 a
BGH 59418.00a 0.91b 3.18c 3.69b 1.00b 252c 4.17b 055b 3.30b11.02b 0.32b 0.75c 3.02b 2.82a 1.67b 4.05c 10.77c 16.27b
BGH 63948.25a 1.09a 3.96b 511a 1.17a 3.15b 535a 0.70a 3.30b 13.12a 0.35b 0.90c 4.20a 3.67a 190a 5.10b 13.15b 20.35a
BGH 76147.00b 0.83b 281c 3.88b 095b 222c 357b 052b 210c 16.20a 0.32b 0.65c 2.75b 3.00a 155b 3.60c 8.70c 22.57 a
BGH 76157.00b 1.03b 2.80c 3.62b 1.20a 2.30c 3.92b 042b 257c 10.30b 047a 0.77c 352b 3.22a 2.05a 3.70c 10.42c 16.30b
BGH 76169.00a 1.32a 5.49a 565a 1.32a 4.65a 587a 097a 53WaA7a 042a 1l62a 577a 345a 215a 7.57H/.72a 26.92a
BGH 76178.00a 1.43a 4.19b 499a 150a 3.22b 497a 0.47b 355b14.32a 042a 117b 515a 4.10a 225a 522b 14.07b 2217 a
BGH 76188.00a 0.98b 4.17b 4.07b 100b 3.42b 4.10b0.62a 2.25c 1230b 0.30b 1.02b 3.37b 3.80a 1.65b 5.37b 10.02c 19.47 a
BGH 76197.00b 0.56b 2.10c 243c 0.62b 1.87c 2.82b 040b 1.77c 847b 0.22b 0.60c 2.00b 195b 1.15b 3.05c 6.80c 12.57b
BGH 76208.00a 0.82b 3.77b 459a 1.00b 295b 4.67a 057b 270c 1365a 0.35b 1.02b 342b 3.35a 1.72b 4.85b 11.07c 20.47 a
BGH 76218.25a 1.17a 4.26b 4.10b 1.22a 3.37b 4.10b 0.77a 292c 11.77b 0.42a 125b 3.75b 4.15a 197a 5.62b 10.92c 19.25a
BGH 76228.00a 0.90b 4.04b 3.71b 095b 3.15b 3.75b0.77a 2.27c 13.10a 0.32b 1.10b 3.05b 3.05a 1.62b 525b 9.32c 19.05a
BGH 76237.75a 150a 3.86b 570a 1.45a 3.10b 567a 0.35b 297c 1240b 0.40a 097b 520a 3.37a 220a 4.65b 14.20b 18.52 a
BGH 76247.50b 0.89b 299c¢ 3.10c 1.02b 247c 3.40b 040b 2.80c 14.70a 0.32b 0.75c 290b 3.35a 1.72b 3.82c 9.22c 2140a
BGH 76257.25b 0.69b 2.33c 3.32c 0.87b 197c 295b 042b 155c 9.80b 0.22b 050c 2.20b 2.67a 1.45b 3.02c 6.80c 14.95b
BGH 7626 7.50b 0.89b 3.13c¢ 4.01b 095b 242c 3.8b 040b 230c 11.87b 0.27b 0.67c 3.05b 3.35a 152b 3.80c 9.57c 18.65a
BGH 76276.75b 0.76 b 2.56c¢c 4.21b 0.87b 1.87c 397b 027b 227c 11.80b 0.22b 0.57c 3.40b 3.12a 1.37b 2.87c 10.00c 17.85a
CV (%) 10.06  25.33 20.57 18.60 23.36 20.67 21.44  46.13 34.47 22.56 27.63 30.47 2712 25.72 19.97 21.70 20.45

22

In the columns, groups of means followed by the same letter are not significafehenlifoy the Scott-Knott criterion at 5% probabiliBold numbers highlight the group with the highest means.A
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highest LA, LDM, and’Y. BGH 5939 had high #® index, 4" PHASE - 136 to 156 DAP: end of bulb filling
but low LA. Muroet al.(2000) argued that during the crop and maturation
cycle, LAis very important for garlic, because the reduction |, this prase, no difference was found between the
in the bulb yield was proportional to the reduction in leaf-essions for LN. LA. LDM. RDM. and 8P. These
area imposed at the beginning of bulb formation. characteristics varied, respectivetpm 11.00 to 12.50

In this phase, it was also verified a negative correlatiqh’u/mant. 0.90 to 2.03 difplant; 1.82 to 3.60 g/plant; 0.20
between SRD andTY (r = -0.2389; p < 0.01) and N0, 4 47 g/plant; and 58.25 to 64.97 g/plant. Difference

difference was found between the accessions for LN, Liyeeen accessions were found for the characteristics
LDM, BDM, RDM, and WPDM. These characterlstlcsPDM WPDM, BDM and Hl, with the highest values

varied from 11.50 to 13.25 ud/plant; 2.59 to 4.25/dlant; highlighted inTables 2 and 3.
3.05 to 4.82 g/plant; 6.30 to 10.25 g/plant; 0.40 to 0.65 g/ LDM, PDM, WPDM, and BDM showed positive

plant, and 12.90 to 21.22 g/plant, respectively correlation with TY (r = 0.4165, 0.4845, 0.5575, and 0.5308,

The_ highest PDM values were obtained for th?espectivelyp < 0.01).Therefore, accessions that had
accessions BGH 5934, 5939, 5914, 7614, 7615, 7616, 76%rlzgher PDM andWPDM showed higheY and CY
7618, 7621, 7622, 7623, _7624' 7626, and ?627’ rangmg,fr?ndicating that the accumulation of dry mass in the
4.25t05.77 g/plant. In this phase, only this morphological : .

. L . pseudostem and in the whole plant are important for the
characteristic showed significant difference betwee

. i al bulb production.
accessions. BGH 5939, 7616, 7617, 7621, 7634, 7618, 7614- Atthe endl of this evaluation (156 DAP), no difference

and 7623 with the highest PDM values also had the .
highest TY and positive correlation with TY (r = 0.4635; was found between the accessions for PRGR, BGR, PNAR,

< 0.01). These results show the importance of PDM arr)1B AR, .BAR and LAD. These_characl:tenstws varied,
demonstrate that plants accumulate photoassimilatesrleﬁqpecuvelyfrom: 0.04100.09 ggweek’; 0.07100.25g
tweek!; 0.25 to 0.76 driweek?!; 0.09 to 0.57 driweek?;

the pseudostem for later translocation to the bulb, as not(()e\'é%2 10 0.36 d a* and 254.52 t0 410.26 d ”
by Haqueet al.(2002). < 10 V. g-an .52 to : nveek?.

In the period betweerl2 and 136 DARhere was no Accessions BGH 5939, 6394, 7614, 7618, 7621, and 7623

difference between the accessions for BGR, PNAR, BNA‘J\;?aintained high RAFP values, as in the period from 114 to
and LAR, with values ranging, respectivétgm 0.19 to 136 DAR Among the growth index characteristics, LAD

0.45 g ¢ week?; 0.08 to 0.86 g driweek; 0.25 to 0.59 dm showed positive correlation only with TY (r =0.4297; p <
2 week?, and 0.73 to 1.28 dfng™. However there were 0.01).At the end of the bulb filling, the accessions BGH
differences between accessions for PRGR, LAR, and LARP34. 5939, 6394, 761_4' 7616, 7617_’ 7.618' 7620, 762, a.nd
(Table 2).Among the characteristics evaluated, in thig§23 had morphological characteristics that resulted in
phase, the correlations between LAD and PRGR with T#INerTY.
were, respectivel.6188 (p < 0.01) and -0.2184 (p < 0.05). The evaluations carried out during the crop cycle
The significant and negative correlation of PRGR with TYshowed that the accessions with the highest bulb yields
indicates the lower growth rate of the plant with théTY and CY) behaved differently over the four phases.
increase in the translocation of photoassimilates froMt the end of the bulb filling phase (136 DAP), PDM
shoot to bulb. was the only morphological characteristic that showed
BGH 7614 showed the highest PRGR and LAR, whicf significant difference between the accessions,
justifies its clustering into the group with the highest buljdicating the importance of the accumulation of
yields (TY and CY), since in the two previous phases, Rhotoassimilates in the pseudostem for later
showed significantly lower values of LA, LDM and PDM.translocation to the bulbils.
The accessions BGH 5934, 7616, and 7617 had the highest/n the evaluations performed during the crop cycle,
LAD; BGH 7618 and 7621 had the highest PRGR, LARhe accession BGH 7616 stood out from the others showing
and LAD; BGH 5939, 6394, 7620, and 7623 had the highg®€ highest LA, LDM, PDM, BDM and WPDM, resulting,
LAR and LAD. Except for BGH 7614, all other accessiongt harvest, in the highest HIY, and CYof bulbs.The
had already presented, in previous phases, characteristilghest LA, LDM, and WPDM and their positive
that expressed greater leafing intensity significant correlation with TY allow us to infer that
At the end of the first phase of bulb filling 136 (DAP),morphological characteristics that provide greater
there was no significant difference between the accessignwotosynthetic area culminate in greater production of
for LN, LA, LDM, BDM, RDM, WPDM, SAD, and LAD.  bulbs. In garlic, Stahlschmidt & Cavagnaro (1997) verified
Accessions BGH 5934, 5939, 7614, 7616, 7617, 7618, 7624at bulb yield is closely related to leaf area and higher
and 7623 had the highest PDM and BGH 6394 and 76%{Ids are due to the greater photosynthetic apparatus
had the lowest PDM. and leaf area durian.

Rev. CeresVigosa, v65, n.6, p. 481-490, nov/dez, 2048




Growth and yield of ‘Amarante’ garlic accessions 489

The leaf area should be photosynthetically active. THRCKNOWLEDGEMENTS
green leaf intensity assessed by thal3hdex has been

used as an indirect measure of the relative chlorophyll . . .
. P )éducagéo, Ciéncia®ecnologia do Norte de Minas Ge-
content (Pértet al, 2011). . .. . .
ais (IFNMG - Campus Januaria) for allowing the first

In the nutritional aspect, the adequate nutrient suppﬁ
to the plant is directly related to the concentration of th%yu'(horS leave from work to carry out the doctoral degree

L . . and APEMIG for the support to the research.
nutrient in the tissue. Howeven the present work, the PP
correlation between &® andTY was negative in the
ot as neg "® REFERENCES
two initial phases and no correlation was found in the
others. There is a situation in which applying a certaifygrianual (2017)Anuério daAgricultura Brasileira. S&o Paulo,
. . . IEG/FNP 432p.
nutrient promotes an increase in the dry matter of the
. ; ; i Albuquerque JRA, Monteiro HNB, Beze#aC, Matos Filho CHA,
plant; hoyveverafter analyzing the goncentr§t|on of thig™ Lopes ACA & Gomes RLE (2017)Agromorphological
element in some or all of the plant tissues, it is lower thanperformance of garlic landraces in Piaui, Brazil. Ciéncia Rural,
that of the control. What occurs is that there is increase47:e20160017.
of the element in the total accumulation, an increase Backes C, Boas RI Lima CP Godoy LJGBUll LT & SantosAJM
yield, but decrease of the concentration in the tissue,(2010) Estado nutricional em nitrogénio da grama esmeralda
indicating that the plant arowth was faster than the avaliado por meio do teor foliar, clorofilémetro e imagem digi-
) 9 . P ) 9 . _~tal, em area adubada com lodo de esgoto. Bragantia 69:661-
nutrient accumulation, which may have occurred in relation ges.
to the lowest SRD in more productive garlic accessions.g|_sharkawy MA (2006a) International research on cassava
On the other hand, LAD was fundamental for the photosynthesis, productivityecophysiologyand responses to
accessions that achieved the highest bulb yields in awenvironmental stresses in the tropics. Photosynthetica, 44:481-
cycle phases, with the greatest importance for the secoEnI L ok MA (2006b) Utility of basi R
. -Sharkawy tility of basic research in plant/crop
pha}se, from 87 to1# DAP The hlgheSt_ LAD value physiology in relation to crop improvement: a review and a
indicates the largest total photosynthetic area of thepersonal account. Brazilian Journal of Plant Physiqlddy419-
plant for the longest time, consequently the greatest446.
potential to produce photoassimilates. Haque MS, Sattar MA & Pramanik MHR (2002) Dry matter
Stahlschmidt & Cavagnaro (1997) pointed out that accumulation and partitioning and growth of garlic as influenced

ield of i It LT | | he leaf by land configuration and cultivars. Pakistan Journal of
yield of a garlic cultivar is directly related to the leaf area Biological Sciences, 10:1028-1031.

grown by the .plant, the le"_jlf area duration, and the dl%fm S, Jeong JH & Nackley LL (2013) Photosynthetic and
mass allocation pattern in the plant organs. In thetranspiration responses to light, GQemperature and leaf
accessions evaluated, besides LA and LAD, thesenescence in garlic: analysis and modeling. Journal of the
importance of the pseudostem dry mass at the end of thémerican Society for Horticultural Science, 138:149-156.
bulb fiIIing stage (136 DAP) is also confirmed. LopesWAR, Negreiros MZ, Morais PLD, SoaresM, Lucena

. . L RRM, Silva OMP &Grangeiro LC (2016a) Caracterizagao fisi-
In this study the accessions were not significantly co-quimica de bulbos de alho submetido a perfodos de

different in relation to the physiological components vernalizagéo e épocas de plantio. Horticultura Brasileira, 34:231-
PNAR and BNAR, in all phases evaluated. Therefore, the238.

increase in dry mass of bulbs at the harvest of accessiéagesWAR, Negreiros MZ, Resende FVucena RRM, Soares
that had the highest yields is explained by the translocatiorf:™". Sva OMP & Medeiros JF (2016b) Produgdo de alho sub-

o metido a periodos de vernalizagdo e épocas de plantio em re-
of photoassimilates and not by the greatest BNAR. gido de clima semiarido. Horticultura Brasileira, 34:249-256.

The authors want to thank the Instituto Federal de

Marcelis LFM, Heuvelinkb E & Goudriaanc J (1998) Modelling
CONCLUSIONS biomass production and yield of horticultural crops: a review
The 20 . _— i h Scientia Horticulturae, 74:83-111.
e accessions of ‘Amarante’ garlic showe : -
9 g/luro J, Irigoyen |, Lamsfus C & MilitindAAF (2000) Efect of

different morphophysiological characteristics. defoliation on garlic yield. Scientia Horticulturae, 86:161-167.
The accession BGH 7616 stood out for the highesiiveira FL, Doria H,Teodoro RB & Resende FY2010) Caracte-
values of leaf area, leaf area duration, and dry mass of leafjsticas agrondmicas de cultivares de alho em Diamantina.

bulb, pseudostem, and whole plant, resulting in the highestorticuitura Brasileira, 28:355-359.

harvest indices and total and commerecial yields of bulb, Porto ML, Puiatti M, Fontes PCR, Cecon PRves JC &Arruda
y JA (2011) Indice SRD para o diagnéstico do estado de nitrogé-

The morphophysiological characteristics leaf area atnio na cultura da abobrinha. Horticultura Brasileira, 29:311-
87 DAP and leaf area duration from 87 to 114 DAP 315.
correlated with bulb production with r = 0.6442 (p < 0.01/resende JTWorales RGFZanin DS, Resende F¥aula JTDias
_ . DM & Galvdo AG (2013) Caracterizagdo morfoldgica, produti-
and r = 0.7263 (p < 0.01), respectivelere those that

. ; . vidade e rendimento comercial de cultivares de alho. Horticultura
most influenced the yield of ‘Amarante’ garlic. Brasileira, 31:157-162.

Rev CeresVicosa, v65, n.6, p. 481-490, nov/dez, 2018




490 Nelson Licinio Campos de Oliveied al.

Richards RA (2000) Selectable traits to increase croftahlschmidt OM & Cavagnaro JB (199&¥pectos ecofisiologicos
photosynthesis and yield of grain crops. Journal of Experimen- del cultivo de ajo. In: Burba J{Ed.) 50Temas sobre produccion

tal Botany 51:447-458. de ajo Mendoza,La consulta. p.33.

Silva EC, Souza RJ & Santos VS (2000) Efeitos do tempo d¢iana JPGPires CJ, Pinheiro JB/alente SE, LopeACA & Go-
frigorificag@o em cultivares de alh@llium sativum L) prove- mes RLF (2016) Divergéncia genética em germoplasma de alho.
nientes de cultura de meristemas. Ciénciageotecnologia, Ciéncia Rural, 46:203-209.

24:939-946.

Rev. CeresVigosa, v65, n.6, p. 481-490, nov/dez, 2048



