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Abstract

Rangpur lime is the rootstock most used in Brazil, mainly due to its resistance to drought; however, it is susceptible
to several diseases, requiring the search for other rootstocks tolerant to factors limiting citrus cultivation. In
addition, the Brazilian legislation stipulates that citrus seeds can only be commercialized with at least 50%
germination rate. Thus, the aim of this work was to evaluate the physiological quality of seeds of seven citrus
roofstocks. The following citrus fruits were harvested: Poncirus frifoliata, Sunki mandarin and their hybrids -
citfrandarins (70, 106, 254, 299 and 310). Fruit mass, diameter and height were measured. Seeds were extracted
from fruits, counting the number of normal seeds (not aborted). Seeds were dried up to 20% water content and
stored for 3, 6, 9 and 12 months. The physiological quality of seeds was evaluated before storage (tfime 0) up
to 12 months of storage. The quality of Poncirus frifoliata, Sunki mandarin and citrandarins 70, 106, 254, 299 and
310 seeds was reduced during storage. However, their germination rate remained above 50%, evidencing that
seeds of all rootfstocks could be marketed until 12 months of storage. The new rootstocks tested have seeds with

physiological quality compatible with their parents, in compliance with current legislation.
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Introduction

Brazilis the world's second largest citrus producer,
with production of approximately 19.6 million fons, and
the world's largest orange producer (17.3 million tonnes),
followed by India, Mexico and the United States (FAO,
2018).

Aiming at productive orchards, citrus seedling is
the most important input in the formation of an orchard.
Its production has had significant evolution in recent
decades due to the advancement of technologies that
have boosted the sector, which have been developed
from partnerships among research and educational
institutions, rural extension agencies and producers
(Jorge, 2016).

Due to phytosanitary problems that citrus
has presented in recent years and the advance of
production to new areas, the use of healthy and certified
seedlings is an important preventive measure to prevent
the occurrence of diseases in Brazilian orchards, such
as huanglongbing - HLB (Candidatus Liberibacter spp)
(Bassanezi et al., 2011). One of the important steps in the
formation of productive orchards is the use of rootstocks

with recognized resistance fo certain diseases, requiring
seeds with sufficient quality and quantity to meet
demands (Zucoloto et al., 2011).

Rangpur lime (Citrus limonia Osbeck) is used
in most Brazilian citrus orchards, which increases citrus
vulnerability to pests and diseases. According fo the
Agricultural Defense Coordinatfion (unpublished data),
4,546,104 Rangpur lime seedlings were sold in 2018 in
the state of SGo Paulo, representing 34.3% of the total
roofstock seedlings used. The use of Swingle citrumelo [P.
frifoliata (L.) Raf x C. paradise Mcf] in seedling production
exceeded Rangpur lime, representing 45% of the total
produced, while Sunki mandarin (C. sunki Hort. ex Tan.)
represented 6%, trifoliata (P. frifoliata (L.) Raf) 2.5% and
citrandarins 0.1%.

The expansion of the genetic base related to
varieties used as rootstocks, including those able fo adapt
to abiotic stresses, has decisively contributed to achieve
economically higher yields (Brito et al., 2008).

The Sylvio Moreira Citriculture Center of the
Agronomic Institute (IAC) has conducted since 1994 a
broad geneftic breeding program of citrus via directed
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crosses. Among these, new hybrids, such as citrandarins,
Citrus sunki x Poncirus frifoliata cv Rubidoux hybrids, were
selected because they provide high yield, compatibility
with Péra orange variety and satisfactory drought
tolerance when compared to Rangpur lime. They are
a new generation of roofstocks, have tolerance to
citrus blight, to citrus exocortis viroid, to citrus sudden
death (CSD); immunity to citrus tristeza virus and citfrus
nematode; resistance fo Phytophthora gummosis and
great tolerance to cold, as well as ability to induce the
formation of compact and productive plants (Schinor et
al., 2013).

Citrus rootstocks are propagated via seed, so
the Ministry of Agriculture, Livestock and Supply (MAPA)
established Normative
24, 2013, requiring producers to meet pre-established
parameters. Cifrus seeds should be analyzed according

Instruction 48, of September

to Seed Analysis Rules,
germination for marketing (MAPA, 2018). Thus, the aim of
this work was fo evaluate the physiological quality of new

requiring minimum of 50%

citrandarin, Poncirus trifoliata and Sunki mandarin seeds.

Material and Methods
Harvest and plant material

Forty rootstock fruits: P. trifoliata, Sunki mandarin
(C. sunki) and citrandarins (70, 106, 254, 299 and 310)
were harvested from clonal garden plants belonging to
the Sylvio Moreira Citriculture Center of the Agronomic
Institute (IAC), in Cordeirépolis, state of SGo Paulo, Brazil.
After harvest, fruits were separated into four replicates
with 10 fruits each to perform evaluations.

Fruit Analysis
Mass

Mass was determined by weighing on a digital
scale with maximum capacity of 15 kilos, obtaining the
total sample value and subsequently the average mass
of each fruit.

Fruit Diameter and Height

Diameter was measured using a tape graduated
in cenfimeters, where fruits were placed juxtaposed by
the equatorial region. For height, fruits were measured
from apex to base. Subsequently, fruit diameter and
mean height were calculated.

Seed Analysis

Fruits were divided in half by the equatorial
region and seeds were manually removed, dried in the
shade, with 20% water content standardization. After

being separated from the fruit, seeds were classified
as normal and aborted, counting normal ones. Seeds
were treated with Captan 500 PM fungicide at dose of
2g L', separated into five batches, with approximately
600 seeds each and stored for 12 months in high density
polyethylene bags (HDPE) and placed in cold chamber
with controlled temperature and relative humidity (RH)
(5°C=*2; 85% + 5 RH). Water content and physiological
quality of seeds were evaluated before seed storage
(time 0) and 3, 6, 9 and 12 months after.

Seed water content

Water content was measured by the greenhouse
method (Brasil, 2009) at 105 * 3°C for a period of 24 hours,
with two subsamples per replicate. The water content
was calculated by applying the following equation

_ Mi-Mf (adapted):
TA %)= T X 100

where:
TA = water content; Mi = initial seed mass; Mf =
final seed mass and; T = mass of container (T).

Germination Test

Germitest paper (28x38cm) moistened with
substrate with water volume equivalent to 2.5 times the
dry substrate mass was used (Brasil, 2009). Four 50-seed
rolls were installed in BOD (Biological Oxygen Demand)
chamber at 27°C with photoperiod of 12/12 hours of light/
dark. Evaluations were performed 30 days after sowing,
obtaining the percentage of normal seedlings.

Greenhouse Emergence

Seeds were individually placed in fubes with
substrate based on pine bark in 1.0 cm deep furrows. The
substrate was moistened whenever necessary and the
final seedling evaluation was performed until emergence
stabilization (60 days after test installation), considering
emerged, seedlings with 1.0 cm shoots.

Data analysis
Fruits

Trials were installed in a completely randomized
design with four replicates. Data were submitted to
analysis of variance and means were compared by
the Scoftt Knoftt test at 5% significance using Assistat 7.7
software (Silva & Azevedo, 2016).

Seeds
Trials were installed in a completely randomized
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design in a 7x5 factorial scheme (seven rootstock varieties
and five storage periods: 0, 3, 6, 9 and 12 months), with four
replicates. Data were submitted to analysis of variance,
5% Scoft Knott test and regression using the SISVAR and
SAS statistical software (Statistical Analysis System).

Results and Discussion

The average fruit mass ranged from 21.6 to 59.7
9. and Poncirus trifoliata (32.1 g) and Sunki mandarin
(21.6 g) fruits presented values lower than all citrandarins

evaluated (Table 1). The difference in mass between
species is due to the intrinsic characteristics specific of
rootfstock varieties.

Sunki mandarin presented the lowest diameter
and mean height values, 3.8 and 3.1 cm, respectively,
compared to Poncirus frifoliata and citrandarins (Table
1). Guerra et al. (2012) evaluated the average height
of Poncirus trifoliata fruits and observed value of 4.7 cm,
close to that obtained in the present study (4.3 cm).
Schinor et al. (2015) studied 19 citfrandarin genotypes

Table 1. Fruit mass, diameter and height and number of Poncirus trifoliata, Sunki mandarin and citrandarin
seeds (Cordeirépolis, SGo Paulo State, Brazil, 2015/2016).

Diameter Height
Rootstock Mass (g) Number of seeds
(cm) (cm)

Citrandarin 70 53.6 b 48a 4.6 a 18.1b
Citrandarin 106 35.0e 40d 3.7d 11.1¢c
Citrandarin 254 40.5d 4.1d 40c 1.1 ¢
Citrandarin 299 47.4 ¢ 4.4b 40c 12.1 ¢
Citrandarin 310 59.7 a 4.7 a 4.4b 9.0c
Sunki mandarin 21.6g 38e 3.0 f 53d
Poncirus trifoliata 32.1f 43cC 3.5e 31.9a
CV (%) 2.8 2.5 1.5 9.9

Averages followed by the same letter in the column do not differ (Scott Knott, 5%).

and found average height values ranging from 3.7 to
5.0 cm. Again, such differences are due to the infrinsic
characteristics of each variety.

The mean number of Poncirus frifoliata seeds
(31.9) was significantly higher than the other genotypes,
except for citrandarin 70 (18.1). All citrandarins presented
higher number of seeds compared to Sunki mandarin
(Table 1), which low seed yield was also observed in the
present work (5,3). The low Sunki seed vyield is reported
in literature (Schinor et al., 2011), as one of the limiting
factors for the adoption of this rootstock.

After 12 months of storage, Poncirus frifoliata,
Sunki mandarin and citrandarins 70, 106, 254, 299 and 310
seeds showed reduction in seed water content (Figure 1).
This reduction can be explained by the moisture balance
inside the package or by the water vapor exchange
between seeds and environment inside the plastic
package, even in small quantities (Smaniotto et al., 2014).
There was no significant difference among evaluated
varieties. According to Chochemore (1993), the type of
packaging used during storage plays an important role in
maintaining seed viability and vigor; packages that allow
the exchange of water vapor with atmospheric air can
absorb or lose water, deteriorating seeds.

Seed germination rate of Sunki mandarin at time
zero (Figure 2), was higher than all evaluated varieties,
but presented the lowest germination rate, along with
citrandarin 310, compared fo the other variefies after 12

months. Poncirus frifoliata and citrandarins 70 and 106
seeds maintained germination rate between 70 and 20%,
while Sunki and citrus 254, 299 and 310 showed 50-60%
(Figure 2) at 12 months of storage.

According to Carvalho and Silva (2013),
trifoliate orange seeds and its hybrids are more sensitive
fo storage than those of other rootstocks used in the
production of citrus seedlings in Brazil and may be
considered recalcitrant, i.e., desiccation intolerant with
short longevity, in contrast to orthodox ones (Zucareli et
al., 2009). In the present work, the maintenance of seed
water content above 20% and cold chamber storage
with confrolled temperature and relative humidity and
the use of high density polyethylene (HDPE) plastic bags,
which does not allow gas exchanges, prevented seeds
from losing germination rate. According fo Sousa et al.
(2008), impermeable packaging does not allow moisture
exchange with the environment, so seeds do not balance
with air humidity outside the package, maintaining initial
water content.

Citrandarins, Poncirus frifoliata and  Sunki
mandarin seeds maintained germination rates above
50% until 12 months of storage (Figure 2), i.e., according
to legislation - IN 48 (MAPA, 2013), showing that the seeds
of all rootfstocks could sfill be marketed. It should be
considered that there is no need for seed storage unfil
the last evaluated period, since citrus plants have at least
one annual flowering and fruit production cycle, so after
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12 months, new seed lots would be available. rates after storage. The emergence rate decreased in all

Poncirus frifoliata seeds presented emergence  evaluated rootstock varieties during 360 days of storage
rate over 70% during the 12 months of storage, and  (Figure 3). Siqueira et al. (2002) reported that emergence
citrandarins 70 and 299 presented the lowest emergence  of rootfstocks in greenhouse is reduced according to their
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Figure 1. Water content (%) in citrus seeds (Poncirus frifoliata, Sunki mandarin and citrandarins
70, 106, 254, 299 and 310 hybrids) during 12 months of storage (Cordeirdpolis, SGo Paulo State,

Brazil, 2015/2016).
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—————— Poncirus trifoliata (Y =-0.11x* + 1.37x + 88.35 R*=0.16)
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Figure 2. Germination rate (%) of citrus seeds (Poncirus trifoliata, Sunki mandarin and
citrandarins) during 12 months of storage (Cordeirdpolis, SP, 2015/2016).
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Figure 3. Emergence (%) of citrus seeds (Poncirus frifoliata, Sunki mandarin and citrandarins)
during 12 months of storage (Cordeirépolis, SGo Paulo State, Brazil, 2015/2016).

stforage time, indicating loss of physiological quality.
Conclusions

The physiological quality of rootstock seeds
(Poncirus trifoliata, Sunki mandarin and citrandarins 70,
106,254,299 and 310) decreased during storage; however,
germination rate remained above 50%, indicating that
seeds from all rootstocks can be marketed with up to 12
months of sforage. The new rootstocks tested have seeds
with physiological quality compatible with their parents,
in compliance with current legislation.
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