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THE use of local maize is still in high demand by farmers in Indonesia. The development
of local maize needs to be discovered through a morphological approach. This study was
to obtain seed characteristics and similarities of local maize from North Sumatra. Local maize
accession seeds were taken by four districts/cities (Binjai, Serdang Bedagai, Deli Serdang,
and Mandailing Natal) from North Sumatra, Indonesia from July to September 2022. A hybrid
variety of maize was selected for comparison. Seed characteristics were measured in each
accession with four replications. A descriptive-analytic method was selected in this study and
data were analyzed using one-way ANOVA and followed by Tukey at P<0.05. Correlation
analysis, similarity matrix, hierarchical cluster, and constellation plot were constructed in
this study. The results showed that SB-1; DS-3; SB-4; and SB-2 accessions had higher seed
characteristics than other accessions. The SB-5 accession had the nearest neighbors (0.743) and
two accessions (BI-1; DS-2) were classified into one cluster with a hybrid variety. This finding
indicates that several local maize accessions are nearest to the hybrid characteristics. A novelty
of this study informed that local maize had an opportunity to be used in the fields.

Keywords: Accessions, Correlation, Hierarchical, Morphological.

Introduction it is considered less appropriate to support food self-

sufficiency.

Maize (Zea mays L.) ranks third after wheat and

rice in cereal production in the world (Cooper et
al., 2014). The Center for Agricultural Data and
Information Systems (2020) noted that Indonesia is
the 8" country with the highest maize yield in the
world from 2014-2018 (24.27 million tons) and
North Sumatra Province ranks 6 as the central of
the highest maize productivity in Indonesia. This
central area of productivity should be maintained
and even developed. This productivity central area
must be maintained and even developed. If the
development of maize productivity is carried out
with the alternative of expanding the planting area,

The Directorate General of Food Crops (2010)
reported that the area of maize planted in Indonesia
was around 4.4 million ha with the seed distribution
for hybrid, local, and composite varieties by
54%; 41%; and 4%, respectively. It indicated that
the farmer’s interest in the use of local varieties
of seeds. Sukma (2017) found that local maize
productivity (Guluk-guluk variety) was classified
as low (1.84 ton ha!), but it had a quickly flowering
(anthesis, silking) and harvest time compared to
composite and hybrid varieties. In addition, Amzeri
(2018) the reason farmers choose local varieties of
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maize because the price of hybrid maize seeds were
expensive and limited.

The higher interest of farmers in using local
varieties needed an initial effort in the development
of local maize varieties by identifying the
characteristics and relationships between accessions
through the seed morphology approach of several
regions. Several researchers have reported the
approach of seed morphology characteristics to
obtain their relationships (Mobarak et al., 2017;
El-Kholy et al., 2023; Alridiwirsah et al., 2023).
Likewise, the morphological diversity of local
maize plants has been reported in Ivory Coast (N’da
et al. 2014), Nigeria (Salami et al., 2007), Benin
(Salami et al., 2015), and molecularly in Kupang,
Indonesia (Uslan & Jannah, 2020). However,
the characteristics and similarities of local maize
accessions from North Sumatra have not been
scientifically reported. This information is expected
to be the basic for efforts to develop the potential of
local varieties of maize in Indonesia.

Materials and Methods

Geographical of Local Maize Accessions

Local maize accession seeds were taken by
four districts/cities from North Sumatra, Indonesia
(Binjai, Serdang Bedagai, Deli Serdang, and
Mandailing Natal). Ten cobs were taken from each
location marked physiologically mature (brown
husk and yellowed seeds in the cob) and assigned
an accession code. Geographical and climatic
conditions for each local maize accessions were
conducted from July to September 2022 (see Table
1 and Figure 1). Local maize seeds were dried to a
moisture content until 14%.

Data Collection and Analysis

A descriptive-analytic method was selected
in this study. Twelve seeds were taken randomly
from each local maize accession and then the
characteristics of the seeds were measured including
embryo length, crown width, pedicel length, seed
length, seed thickness using an electronic digital
caliper, and dry weight per seed and 100-seed
weight using an analytical balance. Hybrid maize
was selected as a comparison, namely the BISI-79
variety from BISI International, Inc. Each accession
was replicated four times.

This study used a descriptive-analytic method

based on visual observations of seed characteristics
and then constructed the dendrogram between
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accessions. The characteristics of local maize
seeds were analyzed using one-way ANOVA
then followed by Tukey at P<0.05. Correlation
of the growing conditions (altitude, temperature,
humidity, air pressure) with seed characteristics
using the Pearson correlation. The similarity,
hierarchical cluster, and constellation plot with the
Wards method applying the JMP 17 software (SAS,
Cary, NC).

Results

Seed characteristics of local maize accessions from
North Sumatra

Results showed that local maize seeds such
as embryo length, crown width, seed length,
dry weight per seed, and 100-seed weight had
significant differences between accessions (Table
2). The embryo length and crown width of local
maize accessions ranged from 4.93-8.05mm and
6.72-9.47mm, respectively. The seed length of local
maize ranged from 8.33 to 11.95mm. Likewise, the
dry weight per seed and 100-seed weight of local
maize ranged from 0.14-0.38g and 10.62-34.66g.
The difference in the seed size of local maize for
each accession with a hybrid variety (comparison)
can be seen in Fig. 2.

Correlation value

The correlation matrix showed that only
humidity had a positive correlation and significant
(0.506") to seed thickness of local maize accessions
from North Sumatra (Table 3). However, altitude
was also positively correlated with all seed
characteristics of local maize accessions.

Similarity matrix and cluster of local maize
accessions

The similarity matrix of the local maize
accessions in comparison to the hybrid variety from
North Sumatra and a hybrid variety could be seen
in Table 4. There was one accession (SB-5) that had
the nearest neighbors (0.743) with a hybrid variety.
Based on the hierarchical cluster, local maize
accessions can be grouped into four groups (Fig. 3).

Group 1 consisted of three accessions (MN-1;
DS-4; DS-5) and group 2 also had three accessions
(SB-3; SB-5; MN-3). Likewise, group 3 had three
accessions (BI-1; DS-2; H) and group 4 consisted of
eight accessions (BI-2; BI-3; SB-1; SB-2; SB-4;
DS-1; DS-3; MN-2). Group 3 was classified into
one group with a hybrid variety.
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Map of local maize seeds collected from Binjai City A
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Map of local maize seeds collected from Serdang Bedagai District C
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Fig. 1. Map of local maize seeds collected from Binjai (A); Deli Serdang (B); Serdang Bedagai (C); Mandailing
Natal (D)
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TABLE 2. Seed characteristics of local maize accessions in comparison to the hybrid variety from North Sumatra

Accessions Embryo  Crown width Pedicel Seed length thiscf::iess Dry weight 10.0-seed
length (mm) (mm) length (mm) (mm) (mm) per seed (g)  weight (g)
Hybrid (H) 6.81£0.16 bed 7.79£0.15 d-g3.10£0.09 ns  10.51+0.14 becd  4.65+0.20 ns  0.25+0.02 ef 24.72+0.37 ef
BI-1 5.97+0.11de 6.72+0.14 g 1.98+0.24 ns 10.45+£0.25cd 4.22+0.16 ns  0.22+0.01 f 24.72+0.04 ef
BI-2 4.93+0.15¢ 7.10+0.10 fg 2.53+£0.10 ns  8.33£0.08 ¢  4.12+0.07ns 0.14+£0.00 g  10.62+0.21 i
BI-3 6.57£0.13 cd 7.73£0.02 d-g2.61+0.12 ns 10.82+0.09 a-d  3.82+0.07 ns  0.23+0.01 f 20.92+0.08 h
SB-1 8.05£0.11a 9.47+0.10 a 2.45+0.06 ns 10.68+0.11 a-d 4.17+£0.04 ns 0.36+0.01 ab 30.06+0.19 b
SB-2 7.10+0.07 abc 8.51£0.07 a-d 2.94+0.05 ns 10.81£0.09 a-d 5.01+0.16 ns 0.34%0.01 ab 34.66+0.10 a
SB-3 7.05£0.07 a-d 7.23+0.13 efg 2.66£0.05 ns 11.18+0.11 a-d  4.25+0.07 ns 0.26+0.00 c-f 23.74+0.13 fg
SB-4 7.75£0.04 ab 9.00+0.15 abc 3.52+0.08 ns  11.39+0.20 a-d  4.69+0.06 ns  0.38+0.01 a 34.55+0.18 a
SB-5 7.11£0.04 abc 7.83+0.08 d-g2.81+0.06 ns 10.23+0.07d  4.66+£0.19 ns 0.26+0.00 c-f 23.88+0.29 fg
DS-1 7.83+£0.16 ab 7.88+0.08 c-f 2.70+0.10 ns 11.49+0.13 a-d 4.57+0.17 ns 0.30+0.01 b-¢ 27.26+0.03 cd
DS-2 7.59+0.05 abc 7.60+0.03 d-g 3.44+0.08 ns 11.32+0.16 a-d 4.11£0.03 ns 0.25+0.01 def 22.91+0.07 g
DS-3 7.2240.09 abc 8.68+0.10 a-d 3.30+0.17 ns  11.95£0.05a  4.87+0.11 ns 0.31+0.00 a-d 28.66+0.10 bc
DS-4 7.77£0.04 ab 7.99+0.07 b-f 3.57+0.14 ns 11.72+0.07 abc  4.15£0.09 ns 0.27£0.00 c-f 26.14+0.10 de
DS-5 7.43+0.10 abc 7.93+0.09 b-f 3.48+0.13 ns 11.86+0.16 ab  4.40+0.07 ns 0.27+0.01 c-f 22.28+0.19 gh
MN-1 7.54+0.05 abc 8.96+0.22 abc2.95+0.02 ns 10.97£0.10 a-d  4.39£0.10 ns 0.27£0.01 c-f 23.41+0.35 fg
MN-2 7.01£0.15 a-d  9.02+0.06 ab 3.27£0.07 ns 11.55+0.08 a-d 4.71+0.06 ns 0.32+0.01 abc 28.55+0.10 bc
MN-3 7.91+0.19a 8.27£0.16 b-e 2.84+0.03 ns 11.09+0.14 a-d 4.40+0.13 ns 0.26+0.01 c-f 27.53£0.07 cd

Note: the mean followed by a different letter is significant in the Tukey at P<0.05 + standard error. ns= not significant.
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Fig. 2. Differences in seed size of local maize accessions from North Sumatra and hybrid variety (H) visually

Egypt. J. Bot. 63, No. 3 (2023)



837

THE CLUSTER OF LOCAL MAIZE ACCESSIONS BASED ON SEED CHARACTERISTICS ...

0 199°¢  veL'l  6tvvy  S91'v  CCT9  Shv'y  T6€1 €PSE 86€01  086°¢ (478 Yiv'L 6068  [€LTy [ILL'ST  OIl'V €-NIN
0 VeEI'y  CTLL'S  OCPL T6L0 96v'01 CIv'S 988°L 9¢6'c €Ll SSOF 90101  L6S8I  0I0'SS STTLT  ST¥9 NN

0 89V Yy T1E€G  L66'S  L9S°S  LL6'E I8V  ¥ELOL  89¢€9  0LTOI 1€L9 PLL'8  TIT6E o6I161 TSy I-NIN

0 P8ET  96TSC  TEY'l  Lvey €669  S€90°TI  66v'S  CCI'VI  TOI'LT  98S01  LL6'EY V6STIT 106V ¢-sd

0 889°L SII'l  TSO9 ¥C96  SL6OI 0189  8EL'ST  LO6VI L8LOI 9SC6y SvIve  CSYL v-Sd

0 6€6'01 198Fv +€9'8 Yiey 60Tl €CTY  YC6'El  0ESTIC  T89'6S P6S8C 1689 €-sa

0 6869 8STL  8I991  P60¥  S69°81  T€SLT 6899  LSY'LE L90BT  109°S Sa

0 160y 6€5°6 608°¢ LSL9 6€L'8  €O6L'IT 8208y I8S'ST  €C6'V [-Sd

0 QOLST  80L°¢ Ser'8  6L8Cl  TP88  LECLT TCEOl  €VLO S-dsS

0 00v'0c  IC8¥  ¥8C01 €6v'0€ CSY'LL 0960V Chvvl v-dS

0 00T°ST  L6¥'ST  80¥'E vPI'6T 966°S [€6°¢ €-ds

0 LYTTI  L6T9T T60°09 T8S9T  TBE'S «dS

0 69T81 10019 +9S°8C 09991 [-dS

0 €CL’0C  80L9 186'8 ¢1d

0 CIS8I  TS0'8C [4te!

0 6911 I-19

0 H

ENIN TN I'NIN $Sd vSd  ¢Sd  T¢Sd I-Sa <-49S v-4as €-dS S [-dS €14 «l1d I-14 H SUOISSINY

eIjewIng Y)I0N Woij A)9LIeA PLIGAY Y} 0) UOSLIEdUI0) U SUOISSIIIE IZILUI [BIO] UIIM)I(Q XLI)BW A)LIR[IUIIS dY) JO dN[eA YL ‘v A TAVL

“(PATIEI-T) SI9AS] 1070 PUE S0"0 AU} 18 JUBOGIUSIS ST UOHB[OII0D) 45 PUE 4 1DION

0€0°0- LS00~ L00°0- 681°0- $60°0- LY1°0 SCI0- amssaxd a1y
£0€0 §CcTo %¥905°0 cce0- 1L0°0- scro 0L1°0- Apprungy
€100 820°0- 081°0 811°0- 120°0- ILE0 7€0°0- armyerddwa],
91T°0 0TC0 §sTo 66C°0 11¢0 $6€°0 60 opmny
JYSIOM Pads-00] PIds 1ad Jydrom A1  SSOWIIY) PIdS )3ud| pIds Y)I3ud| [9I1Pdd YIPIM UMOI) Y)3ud] oAaquuy JUSNIJJI0) UONB[RLIO)

SUOISSIIIE IZIBW [€I0] JO SINSLINIBIRYD PIIS [HIM SUONIPUOD SUIMOIS UIIM)I(Q JUINIFI0I UONR[ALIO) '€ T TIVL

Egypt. J. Bot. 63, No. 3 (2023)



838 NOVILDA E. MUSTAMU et al.:

Hybrid (H)
BL1 W_
DS

BI
BI3
$B-1 s
$B-2
SB
DS-1
DS
MN-2
$B:3

SB-5 —
MNS3
DS4
DS-S
MN-1

Fig. 3. Hierarchical cluster (A) and constellation plot
(B) of local maize accession in comparison
to the hybrid variety from North Sumatra
[n= 17 samples]

Discussion

Results showed that SB-1; SB-2; SB-
4; and DS-3 accessions had the highest seed
characteristics among accessions of local maize
including hybrid variety. The highest size of
embryo length and crown width was found in SB-1
accessions at 18.21% and 21.57%, respectively,
compared to a hybrid variety. The highest seed

Egypt. J. Bot. 63, No. 3 (2023)

length of local maize was found in DS-3 accession
at 13.70%. The highest dry weight per seed and
100-seed weight were found in SB-4 and SB-2
accessions by 52.00% and 40.21%, respectively.
In addition to crop cultivation management,
growing conditions can also affect the differences
in the seed characteristics of local maize from each
accession. It could be seen that the characteristics
of embryo length, crown width, and seed length of
local maize accession were positively correlated
with the highest coefficient value (0.292; 0.395;
0.299) with the altitude of the maize planting. The
altitude will affect the temperature, humidity, and
air pressure. It can be seen that the dry weight per
seed and 100-seed weight were correlated with the
highest coefficient values (0.225 and 0.303) to the
humidity (Table 3). This finding was supported
by Oke (2016) that the mean relative humidity
has a positive correlation and is highly significant
(0.870"") on maize seed production. Omoyo et
al. (2015) also added that the increase in relative
humidity encourages the evap o transpiration of
plants in the field and tends to have an impact on
filling maize seeds.

The similarity matrix of the local maize
between accessions that were nearest neighbors
to the hybrid variety was only SB-5 accession
(0.743). The lowest matrix value indicates similar
characters. It can be seen that the characteristics of
embryo length, crown width, pedicel length, seed
length, seed thickness, dry weight per seed, and 100-
seed weight between the SB-5 accession was not
different from a hybrid variety (Table 2). Based on
the hierarchical cluster, there were two accessions
(BI-1; DS-2) as clustered to one group with a hybrid
variety (Fig. 3). These findings were supported by
Uslan & Jannah (2020) who reported the local
maize similarity index of eleven populations
with the highest genetic distance (0.0004) found
in Buraen 2 and Retraen 3. Salami et al. (2015)
reported that there were four clusters constructed
based on the morphological characteristics from
43 accessions of local maize in the central and 98
accessions in the northern of Benin. Khan et al.
(2022) also clustered 35 genotypes of maize based
on eleven different characteristics into five groups
and the nearest cluster distance (3.441) was found
between clusters IV (G1, G2, G6, G7, G15, G16,
G19, G23, G24, G25, G30) and V (G4, G35, G11,
G13, G14, G18, G21, G27, G29, G31, G34, G35).

This finding indicated that several local maize
accessions had similar seed characteristics to the
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hybrid variety. This information can be used as an
initial reference that local accessions from North
Sumatra (SB-5) also have a similar potential to
the hybrid variety.

Conclusions

The SB-1 accession had the highest embryo
length and crown width (18.21 and 21.57%),
the DS-3 accession had the highest seed length
(13.70%), SB-4 and SB-2 accessions also had the
highest dry weight per seed and 100-seed weight
(52.00% and 40.21%) compared to the hybrid
variety. The nearest neighbors (0.743) was found
in SB-5 accession with a hybrid variety. Overall,
two accessions (BI-1; DS-2) were classified into
one cluster with a hybrid variety.
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