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Population density survey of white-bearded gibbons (Hylobates albibarbis) in high
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The potential of Lactobacillus buchneriisolated from spontaneous rabbit meat
fermented - bekasam against Salmonelia typhimurium by in vivo evaluation
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Wolbachia genetic similarity in different insect host species: Drosophila melanogaster
and Yogyakarta's (Indonesia) Aedes aegypti as a novel host
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RP-HPLC based analysis of different polyphenols in seven species of Carex L.
(Cyperaceae Juss.) from West Bengal, India
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Locating the unique biodiversity of Balikpapan Bay as an ecotourism attraction in East
Kalimantan, Indonesia
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Internal Transcribed Spacer (/TS) gene as an accurate DNA barcode for identification of
macroscopic fungus in Aceh
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Farmers' lives and adaptation strategies toward the forest and peatland fires in
Indonesia: Evidence from Central and South Kalimantan, Indonesia
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Short Communication: Analysis of the ultimate wood composition of a forest plantation
species, Eucalyptus pellita, to estimate its bioelectricity potency

MUHAMMAD TAUFIQ HAQIQI, DUDU HUDAYA, HELMI ALFATH SEPTIANA, RICO
RAMADHAN, YULIANSYAH, WIWIN SUWINARTI, RUDIANTO AMIRTA

Morphological and molecular characterization of mole crab (Genus: Emerita) in the
Cilacap coastlines of Indonesia, with particular focus on genetic diversity of Emerita sp.
nov.

DIAN BHAGAWATI, AGUS NURYANTO, ELLY TUTY WINARNI, ANASTASIA ENDANG
PULUNGSARI

Genetic diversity of shallots (Allium ascalonicum L.) from several locations in North
Sumatra, Indonesia based on RAPD markers
YAYA HASANAH, LISA MAWARNI, HAMIDAH HANUM, ANGGRIA LESTAMI

Hunting of wild animals by Saubeba Community in Manokwari, West Papua, Indonesia
SAREMAY SAWAKI, DENISA TARAN, FRANSISKUS TARAN, ROBI BOMOI, MARSIA
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Human-wildlife interactions in a major tourist destination: Manuel Antonio National
Park, Costa Rica )
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Biodiversity of nekton in the Barumun Watershed, Labuhanbatu District, Indonesia
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MANURUNG, JULIA SYAHRIANI HASIBUAN, ISTEN SWENO TAMBA

Molecular phylogeny of anchovy (Clupeiformes: Clupeidae) from southern waters of
Lombok using mitochondrial DNA CO1 gene sequences
H. MAHRUS, AGIL AL IDRUS, LALU ZULKIFLI

Diversity and distribution pattern of scorpions from the Ouarsenis massif of Tissemsilt,
North-West Algeria

ABDELWAHAB CHEDAD, MOHAMED AIT HAMMOU , HICHAM CHELGHOUM,
ABDESSALEM CHEDAD, OMAR QULD AMARA, MAYSSARA EL BOUHISSI, WALID
DAHMANI, SALAH EDDINE SADINE

Short communication: Pattern of chlorophylls content declined during partial
submergence for rice varieties cultivated in North Sulawesi at the vegetative stage
SONG Al NIO, DANIEL PETER MANTILEN LUDONG, RATNA SIAHAAN

Agarwood (Aquilaria malaccensis) diversity conservation by in vitro culture with I1AA
and yeast extract
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Remediation of chlorpyrifos-contaminated soils by crude secondary metabolites of
Trichoderma harzianum T213 and its effect on maize growth

LOEKAS SOESANTO, RISMA ARSI SUSANTI, ENDANG MUGIASTUTI, ABDUL MANAN,
MURTI WISNU RAGIL SASTYAWAN, JOKO MARYANTO

Coupling Indonesian indigenous Citrobacter freundii and Chlorella pyrenoidosa strain
on the anode of microbial fuel cell with various substrates
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NI WAYAN SRI AGUSTINI, DWI ANDREAS SANTOSA

Spatio-temporal of heavy metal Pb (Lead) in seawater, sediment, and different organs of
Cymodocea rotundata in Doreri Gulf, Manokwari, West Papua, Indonesia
LUKY SEMBEL, DWI SETIJAWATI, DEFRI YONA, YENNY RISJANI

Community structure of dragonflies (Odonata) in Gunung Bromo’s Forest Area with
Special Purpose (FASP), Karanganyar, Central Java, Indonesia
AYU ASTUTI, IKE NURJUITA NAYASILANA, SUGIYARTO, AGUNG BUDIHARJO

Growth and yield of maize in t'sen, a local wisdom of planting in one planting hole,
typical cropping pattern of West Timor's

YOHANNIS HARRY DIMU-HEO, DIDIK INDRADEWA, EKA TARWACA SUSILO PUTRA,
BENITO HERU PURWANTO

Two new taxa of Curcuma sect. Ecomata (Zingiberaceae: Zingibereae), from coastal
Central Vietnam

DANH DUC NGUYEN, TUAN ANH LE, QUOC HUY HOANG , QUOC THUONG LE , EMMY
NGUYEN

Short Communication: Occurrence of arbuscular mycorrhizal fungi associated with
Casuarina equisetifolia in saline sandy environment, North Sumatra, Indonesia
DELVIAN, ADRIAN HARTANTO

Fruit morphological diversity and quality of pulasan (Nephelium ramboutan-ake) from
six populations in Riau, Indonesia
MARDALENI, HASAN BASRI JUMIN, NANDARIYAH, AHMAD YUNUS

Assessment of rhizome yield of local Indonesian turmeric (Curcuma longa L.) during
two growing seasons
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PUTRI ARDHYA ANINDITA, TARKUS SUGANDA, VERGEL CONCIBIDO, AGUNG
KARUNIAWAN

Estimated economic value of pollination by Tetragonula laeviceps (Hymenoptera:
Apidae: Meliponini) on tomato and chili
NADZIRUM MUBIN, ALLEN OKTA KUSMITA, ATIA ROHMAH, ALI NURMANSYAH

Effect of water content on conidia of Trichoderma spp., indole acetic acid content,
electrical conductivity, and pH
BENANG PURWANTQO, SUMADI, ANNE NURAINI, MIEKE ROCHIMI SETIAWATI

Short Communication: The development of a protected birds identification system
using a convolutional neural network
IRMAN HERMADI , WULANDARI , DHANA DHIRA

Diversity of leaf rust resistance in Indonesian sorghum genetic resources
FAWWAZ DINANTY, DESTA WIRNAS, TRIKOESOEMANINGTYAS, ABDJAD ASIH
NAWANGSIH

Effects of water parameters on population structure of mud crab from Buntal
Mangroves, Kuching, Sarawak, Malaysia: A GLM analysis

ABANG MOHAMMAD HUDZAIFAH ABANG SHAKAWI, RUHANA HASSAN, DURRAH
SYAZWANI MUSTAPAH

Short Communication: Identification of phytochemical constituents of Syzygium
aromaticum L. using gas chromatography coupled with mass spectrometry and
evaluation of antimicrobial activity
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Soil organic carbon of grassland and bush forest on dryland in Aceh Besar District,
Indonesia
UMAR H. ABDULLAH, SUFARDI SUFARDI, SYAFRUDDIN SYAFRUDDIN, TETI ARABIA

Cassava starch/bacterial cellulose-based bioplastics with Zanthoxylum acanthopodium
SAHARMAN GEA, KHATARINA MELDAWATI PASARIBU, APPEALWAN ALTRUISTIS
SARUMAHA, SRI RAHAYU

Short Communication: Biological control agent for Spodoptera litura on vegetable
plants

NURHAYATI DAMIRI, YULIA PUJIASTUTI, MULAWARMAN, DESI TRI ASTUTI, SITI
RAKHMI AFRIANI, SUPLI E. RAHIM

Burkholderia cepacian strain IrV1 multi-resistant to copper and dyes isolated from
laboratory wastewater effluent
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Impact of organic and microbiological pollution on the quality of water in Boussellam
Valley and its environment, Setif City, Northeast Algeria
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AZZEDINE HANI

Genetic diversity of rosewood (Dalbergia latifolia) in Yogyakarta, Indonesia for plus
trees selection
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Vegetation diversity, structure and composition of three forest ecosystems in Angsana
coastal area, South Kalimantan, Indonesia
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Short Communication: Morphological characterization of five species of Dendrobium
native to Indonesia for parent selection
SRIHARTATI SSAMANHUDI, ONGKO CAHYONO

Evaluation of growth and yield of upland rice varieties under various shading levels and
organic fertilizer concentrations

HALUS SATRlawan, Laila Nazirah, Rini Fitri, Ernawita,

Short Communication: Antioxidant activity and metabolite profiles of leaves and stem
extracts of Vitex negundo

MUHAMMAD ALFARABI, TURHADI, TRINI SURYOWATI, NURIN AYU IMANELI, PRETTY
OKTAVIANI SIHOMBING

Spatio-temporal analysis of dholes (Cuon alpinus) in Khao Yai National Park, Thailand
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PAANSRI, YUWALUK CHANACHAI, BUNYATIPORN KAEWDEE, PHANITSUPHA
PHENGTHONG

Construction of CRISPR/Cas9_gRNA-OsCKX2 module cassette and its introduction into
rice cv. Mentik Wangi mediated by Agrobacterium tumefaciens

MARINA RUZYATI, AHMAD YUNUS, ATMITRI SISHARMINI, ANIVERSARI APRIANA, TRI
JOKO SANTOSO

Genetic diversity of Sterculia quadrifida from Kupang based on ISSR profiles, stomatal
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Abstract. Satriawan H, Nazirah L, Fitri R, Ernawita. 2022, Evaluation of growth and yvield of upland rice varieties under various
shading levels and organic fertilizer concen n'aﬁon' Biodiversitas 23: 2655-2662. The present study aimed to reveal the effect of
shading treatments and organic fertilizer dosages on the growth and yield of several upland rice varieties. A split-split plot experimental
design with 3 factors was used in this study, consisting of shading levels as the main plot (0%, .% 60%), organic fertilizer as a sub-
plot (0 g/plant, 25 g/plant, 50 g/plant, and 75 gfplant) and upland rice varieties as sub-sub plot (Ciherang, Situ Bagendit, Kabir 07 and
Malaysian upland). Parameters observed were plant height and tiller numbers (expressed as area under the curve), panicle number, dry
hay weight, grain weight, flowering time, and chlorophyll number. Results showed that shading treatments significantly affected panicle
number, grain weight, and dry hay weight (0% and 30% shade showed the highest result with no significant differences: while 60%
shades showed the lowest results); varieties are an important determinant in tiller numbers (Malaysian upland, Ciherang, Situ Bagendit
and Kabir 07 with 798.33+7.76 and 792.7149 4, 764.38+8.75 and 738.33x+14 .84, consecutively) and panicle numbers (Ciherang, Situ
Bagendit, Malaysian upland and Kabir 07 with 4651597, 45264568, 44.31+5.09, and 41.08+5.92, consecutively); while organic
fertilizer dosages significantly affected tiller numbers in which 26 t ha'! and 8 tha' were the highest and the lowest tiller number
observed, respectively. Shade and variety interaction significantly affected plant height and flowering time, while interactions of
varieties and organic fertilizer dosages are significant on tiller number, panicle number, grain weight, and dry hay weight. The highest
total chlorophyll number was shown by Situ Bagendit variety (14444 granules mm~?) at 60% shading level, while Kabir 07 (98.8
granules.m‘z) at 30%% shading level showed the lowest total chlorophyll number. It can be cmclude..hal organic fertilization significantly
affected the growth and production of upland rice varieties compared to shading treatments. Thus, upland rice cultivation under shading
conditions is the potential to be developed, particularly with appropriate rice varieties and optimum organic fertilization techniques.

Keywords: Organic fertilizer, shading, upland rice, varieties

INTRODUCTION various plantations with the intercropping system. In
Indonesia, upland rice production donated significant

Rice is widely accepted as a major staple food in Asia;  contributions to cater staple food, particularly to

including Indonesia. In Indonesia, total rice production was
recorded as much as 5.13 t ha', and the average
consumption per capita was 111.58 kg per capita in 2017
(BPS 2018). Rice procurement currently stands as one of
the fundamental problems in Indonesia as a slow change in
community consumption patterns, land-use change from
agricultural to non-agricultural use, and extreme climate
fluctuation. The change in land use has become the most
prominent cause. The agricultural census held in 2017
stated that land conversion in 2012-2015 was reported to be
as much as 39.493 annually. Interestingly, the largest land
conversion did occur in Aceh, Riau, West Sumatra, and
Jambi provinces (PSIP 2017). It is predicted that the paddy
field area left in 2045 will be 5.1 million hectares (Mulyani
et al. 2016). Actions are needed to surmount this problem;
otherwise, Indonesia will continuously be importing rice
from other countries.

One of the alternatives to national rice
production is the cultivation of upland rice varieties in

mcrease

communities that live in marginal dry land (Suwarno et al.
2021). In Indonesia, as many as 1.1 million hectares of
upland rice varieties contribute to 5% of national rice
production (Puslitbangtan 2014). Upland rice is cultivated
m different areas as monoculture or as mtercropping with
other plants (Sopandie and Trikoesoemaningtyas 2011;
Putra et al. 2017).

In Sumatra Island, especially Aceh Province, plantation
area 1s keep growing, including oil palm plantations. Total
oil palm plantations area in 2010 were as much as 9 million
hectares (Putra et al. 2012), which continually increased to
12.3 million hectares, which comprised 42% community
plantation, 7% government-owned, and 51% privately
owned. In Aceh province, the total area of oil palm
plantations is up to 458,619 hectares, with 50.89% being
community-owned and  39.87%  privately owned
(Direktorat Jenderal Perkebunan 2018). Of total oil palm
plantation areas, 2.7 million hectares are immature oil palm
plants, while in Aceh province alone, immature oil palm




2656

plants are as much as 118,173 hectares. This area is very
suitable to be used for intercropping with upland rice.

However, several obstacles are faced in the
development of upland rice intercropping in areas of oil
palm plantations with immature plants. First, environmental
factors, namely low light intensity, especially under the
canopy of 2 years old and above oil palm stands; second,
relatively low soil organic contents; and third, limited
groundwater supply. Sunlight radiation affects plant growth
and production through photosynthesis (Kobayashi 2021;
Kobayashi et al. 2013). It is known that upland rice needed
high light intensity; thus, lack of light due to shaded
conditions caused a reduction n photosynthesis rate and
low carbohydrate production (Abidin 2015; Asfaruddin and
Mulatsih 2017).

Previous research explained the effect of shaded
conditions on morphology, physiology, and rice
production, but studies revealed different effects depending
on the upland rice genotype (Hairmansis et al. 2017;
Alridiwirsah et al. 2018; Ahmad and Sija 2020). However,
their results provided a theoretical foundation for upland
rice varieties that could withstand shaded conditions and
improve their cultivation technology. Genotype variation
response to low light intensity has been reported previously
(Demao and Xia 2001; Sopandie et al. 2003; Wang et al.
2015; Wang et al. 2016). The reduction in photosynthesis
rates caused by shaded conditions has been lower than
tolerant genotype compared to sensitive genotype (Wang et
al. 2015). Physiological disturbances will cause low upland
rice production under shaded conditions (Hafni et al. 2019).
One way to develop upland rice in oil palm plantations 1s
the examination of upland rice cultivation conditions,
especially those linked to the improvement of land
conditions utilizing organic matter addition. The introduction
of organic fertilizer in upland rice varieties cultivation has
become an alternative to sustain soil fertility and reduce the
dependency on chemical fertilizer (Six et al. 2014).

Moreover, the presence of organic fertilizer can
increase nutrient availability, either directly through
nutrient supply or indirectly through the improvement of
soil's physical properties (Andriamananjara et al. 2018).
For example, Suryanto et al. (2020) reported 91.7%
increase in the production of upland rice with the addition
of 10 t ha'! organic fertilizer to the agroforestry cultivation
.vstcm of eucal yptus. Therefore, the study aimed to analyze
the growth and production of four upland rice varieties
under shaded conditions and organic fertilizer treatments.

MATERIALS AND METHODS

The study was conducted on the experimental site of
Almuslim University from Mei to July 2021. A Split-split
plot experimental design with 3 factors was used in this
study, 1.e., shading as the main plot (0, 30, and 60%),
organic fertilizer as the sub-plot (0 t ha', 8 t ha', 16 t ha'',
24 t ha''), 3) variety as the sub-sub plot (Ciherang, Situ
Bagendit, Kabir 07 and Malaysian upland).
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Shading installation

Shading level was set using block woods and lat boards.
Dimensions of each installation unit were as follows:
length: 4.5 m; height: 2.0 m; and width: 24 m. To get the
desired level of shading treatments of 0%, 30%, and 60%,
the distance between lat board as the roof of the building is
set according to the following formula (Ginting et al.
2015): I=n(n+r); where I: desired shading intensity (%); n:
distances between lat boards (cm); and r: width of lat
boards (cm).

Preparation of media

Topsoil was taken from oil palm plantations in Bukit
Sudan area, Peusangan Siblah Krueng district, was air-
dried for 15 days, pulverized, and filtered through a 6 mm
mesh sieve. The soil was then put into polybags, 10 kg
each. As many as 432 polybags were used in this study.

Planting

The soil in polybags was conditioned in field capacity
before seed planting. Each polybag was planted with 5
selected seeds at 2.5 ¢cm depth. After | week, thinning was
conducted with only 3 plants left on each of the polybags.

Fertilization

Two days before planting, basal fertilizers of N, P, K
were added to the media. One-third dosage of N fertilizer
was obtained by adding 160 kg ha' urea, P and K were
given simultaneously through the addition of TSP (300 kg
ha! g P) and KCl (350 kg ha'! K) one each polybag.
Fertilizer was applied evenly to the soil and then covered
thinly with soil. Afterward, soil was watered to the field
capacity. The second and third dosages of N were given at
30 and 55 days after planting (DAP).

Crop cultivation and harvest

Plant water conditions were cautiously tended.
Watering of the plant was conducted if there was no rain on
two consecutive days. After that, watering was done each
time to field capacity. The watering was discontinued after
crops were in the mature stage for harvest. Crop pest
controls were conducted using Decis and Marshall 25 EC
msecticides every 1-2 weeks. Manual weeding was
conducted on each of the polybags every other week.
Harvest was conducted when rice grain was 90% yellow.

Parameters obser ved
Plant height

Plant height measurement (cm) started at 15 DAP until
flowering, every 15 days.

Tiller numbers

The number of tillers was counted at 15-45 DAP
according to (Alridiwirsah 2018). The tiller number was
counted by counting the tiller number of the main stem.

Dry hay weight (g)

Hay was cut into 5 ¢m strips and sundried for several
days, put into yellow envelopes, and dried in the oven at
80°C until constant weight. The measurement was
conducted at the end of the observation period.
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Panicle numbers
Panicle numbers were counted of sample plant clumps
using a hand counter.

Panicle length

Panicle length (cm) was measured from the panicle
base to the end of the panicle. Panicle length counted as the
average of panicle length to panicle number per clump of
sample plant.

Chlorophyll numbers

Leaves chlorophyll numbers were measured using the
SPAD (Soil Plant Analysis Development) chlorophyll
meter, which was carried out according to the observation
points determined in the rice plant clump (Nasution et al.
2019). Data collection on chlorophyll numbers in plants is
carried out and collected according to the observation
points selected to be used as data samples 70 days after
planting (DAP).

Grain weight

Paddy grains from each treatment were dried to +14%
water content using a protimeter. The 1000-grain weight
was determined using the analytical balance in triplicate,
and the average was then calculated (g) and converted to t
ha™! of yield.

Data analysis

The data were analyzed using analysis of variance
based on split split-plot design. Mathematical equation 1s
presented as follows (Gomez & Gomez 1995):
Vyp=u+ K, + A +Y, + B, +(AB), + 8, +C, +(AC), +(BC), +(ABC),, +&,
i=12..,a;j=12.bk=12._c;l=12._r

In which:

Yij  :Observations on the 1% experimental unit obtained
a combination of treatment at the i-level of factor
A, the j-level of factor B, and the k-level of factor C

M : Population mean value

Ki : Additive effect of the 1* group

A s Additive effect of the i-level from factor A
(shading) (main plot).

Yi : The main plot's random effect appears at the i-

level of factor A in the 1" group (main plot error or
an error)

B; : The additive factor of the j-level of factor B
(fertilizer) (subplot)

(AB);; : The additive effect of the i-level of factor A and
the j-level of factor B

8.,| : The random effect of the 1*' experimental unit that
obtained the treatment combination ij (subplot
error or b error)

Ci : Additive effect of the k-level of C factor (variety)
(sub subplot)

(AC)y : Additive effect of the-1 level of A factor and the-k
level of C factor

(BO)j : Additive effect of the j-level of B factor and the k-
level of the C factor

Eijkl : The random effect of the k-experimental unit that
obtained combination treatment of ijk (sub subplot
EITOr OF C erTor)
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Statistical analysis

Data were presented as mean average #+ standard

deviation (SD). Coefficient of variation (CV) was

calculated to measure the relative variability. The data
collected on different parameters were statistically
analyzed using SPSS software version 16.0. After
performing ANOVA, the differences between the treatment
means were compared by LSD test at 5% level of
significance.

RESULTS AND DISCUSSION

Shading treatment as the main plot and organic
fertilizer as a sub-plot affected crop growth and production
differently, especially on plant height, tiller numbers,
panicle numbers, grain weight, dry hay weight, and total
chlorophyll number parameters. Interactions of varieties
and organic fertilizer dosages (VD) significantly affected
all parameters observed except for plant height and
flowering time. While interactions between shading and
dosage (ND) and NVS generally showed non-significant
effects (Table 1).

Tabel 1. Recapitulation of growth and production of upland rice
varieties on different shading treatments and organic fertilizer dosages

Organic
. Shade Varieties fertilizer Interactions
Variables
dosage
S) V) (D) SV SD VD SVD
Plant height ns ns ns ¥ ns ns ns
Tiller number ns * * ns ns ¥ ns
Panicle number * * ns ns ns ¥ ns
Grain weight * ns ns ns ns * ns
Dry hay weight * ns ns ns ns * ns
Flowering time ns ns ns ¥ ms ns_ ns

Note: *Significant, ™ Not significant

Table 2. Means, standard deviation and coefficient variation of
plant height and tiller numbers of observed samples. Values
presented as the area under the curve (AUC) of plant height and
tiller number at 15, 30, and 45 DAP

AUC of tiller number
Average =+ SD Ccv
V'e[ies
Ciherang 79271 + 9.43° 1.19
Situ Bagendit 76438 + 8.75" 1.14
Kabir 07 73833 + 1484 2.0l
Malaysian Upland 79833 + T.7&¢ 0.97
Organic fertilizer dosages (t.ha'!)
0 76625 + 0.62° 0.08
8 74490 + 2.26° 0.30
16 76458 + 3.19 042
81802 + 0.65¢ 0.08

24 .
te: numbers followed by the same letter notation in the same
column are not significantly different based on the 5% LSD test
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Table 3. Means, standard deviation and coefficient variation plant height and tiller numbers of samples were observed under interaction
of two factors. Values presented as the area under the curve (AUC) of plant height and tiller number at 15, 30, and 45 DAP

AUC of plant height (cm) AUC of tiller number

. Varieties .. Organic fertilizer dosages (t ha')
Shade (%) Average =+ SD Cv Varieties Average + SD CV

Ciherang ' U]
0 1250.16  + 2292° 1.83 Ciherang 802.08 + B.68¢ 1.08
30 118922  + 2218 1.87 Situ Bagendit 713.75 + 7.14° 1.00
60 1,18828 + 37.38 3.15 Kabir07 686.67 + 14,942 2.18
Malaysian Upland 862.50 + 6.21¢ 0.72

Siw Bagendit 8
0 1,180.16  + 1456 123 Ciherang 732.50 + 10.80% 1.47
30 124000  + 1768 1.43 Situ Bagendit 720,00 + 7.144 099
60 1,283.13 + 1725 1.34 Kabir07 785.83 + 11.01¢ 1.40
Malaysian Upland 74125 + 6.21° 0.84

Kabir 07 ] 16
0 120297 + 38.15° 3.7 Ciherang B0O8.75 + 6.214 0.77
30 127828  + 4585° 3.59 Situ Bagendit 76625 + 7.14% 093
60 118203 + 4497 3.80 Kabir07 710.83 + 11.01¢ 1.55
Malaysian Upland 772.50 + 6.21° 0.80

Malaysian Upland 24
0 1,129.69 + 1336 1.18 Ciherang 827.50 + 8.35b 1.01
30 1.238.13  + 1596° . Situ Bagendit 857.50 + 7.14¢ 0.83
60 121250  + 1358° 1.12 Kabir07 770.00 + 11.77° 1.53
Malaysian Upland 817 .08 + 6.80° 0.83

Note: the numbers followed by the same letter notation in the same column are not significantly different based on the 5% LSD test

Tabel 4. Means, standard deviation and coefficient variation of hay weight (t ha™'), panicle numbers, grain weight (t ha™') of upland rice

varieties under interactions of two factors

Organic fertilizer dosages

Varieties 0tha' 8tha' 16t ha' 24 tha'
m Average £ SD  CV_ Average = 5D CY_ Average £ SD CV_ Average £ SD v
weight
Cihara%g 15,15+ 1597" 14.46 1322+ 15.97* 1656 1450 + 16.10" 1522 1489+ 16.10" 14.83
Situ Bagendit 1648 + 24.87° 20.7 1541+ 24.87° 2214 1643 + 24,879 20.75 16.59 + 24.87¢ 20.55
Kabir 07 1558 + 1591 14 1621 + 16.38° 13.87 13.67 + 16.38" 1644 14,08+ 16.38* 15.96
Malaysian Upland 1424 + 17.63* 16,98 1586+ 15.32% 1325 1556 = 17.63¢ 1553 14.33 + 17.63% 16.87
Pallicle numbers
herang 4572+ 597" 13.05 4406+ 597 1355 4756 £ 597° 1255 4872+ 597 12.25
Situ Bagendit 41.89 + 568" 13.55 4506+ 568 126 46.72 + 568" 12.15 4739+ 568  11.98
Kabir 07 415+ 5920 14.26 4267+ 592+ 1387 3883+ 5924 1524 4133+ 592¢ 1432
Malaysian Upland 4606 + 582" 12.64 4472+ 582 1302 4589 + 582" 1269 46,39+ 582" 12,55
Grain weight
Ciherang 282+ 284> 13.78 278+ 284 14 267+ 246" 1259 260+ 284 1448
Situ Bagendit 274+ 23520 12,61 282+ 259 126 286+ 259 1239 268+ 259 13.24
Kabir 07 283+306° 148 274+ 306 153 258+ 306" 1625 267+ 289 1483
.Malaysian Upland 263+ 335 1746 293+ 324 1521 283+324 157 274+ 324 16.22

Note: the numbers followed by the same letter notation in the same column and row are not significantly different on the 5% LSD test

Plant height

Plant height during the growth observation period (up
to 45 days after planting) was significantly affected by a
combination of shading and varieties (SV). In contrast,
doses of organic fertilizer did not significantly affect plant
height (Table 1, Table 2). Different varieties also exhibited
similar growth patterns. The plant's capability strongly
regulates the plant growth rate to adapt to the shaded
conditions. Ciherang varieties were affected by shade,

where growth in height was lower in shaded conditions
than without shade. Situ Bagendit varieties are in line with
the results of the study, showing adaptation to shaded
conditions, this is evidenced by higher plant height growth
in shaded conditions (30 and 60%) compared to no shade.
While the varieties of Kabir 07 and Malaysian Upland
showed good adaptation in 30% shade, while at 60% shade,
they tended to inhibit plant height growth, even lower than
without shade.
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Tiller numbers

The low light intensity did not significantly affect
productive tiller numbers compared to unshaded
conditions. Results showed that tiller numbers at 0%
shading level are higher compared to 30% and 60%
shading level (Table 2). It means that the optimal intensity
is needed for optimal tiller growth. The result is in line with
(Aumunde et al. 2013), who reported that tiller numbers
increased with light intensity. However, a conflicted result
is reported by Khairunnisa et al. (2019). Our result aligns
with the source-sink concept, where photosynthesis
products will be distributed to all organs and each variety
equipped with equal capacity. Thus, if the plant has a high
tiller number, then the plant height wouldn't be optimum,
and vice versa. Upland rice varieties that showed the best
adaptive response to organic fertilization are Ciherang and
Malaysian upland rice varieties (Table 2).

The interaction effect observed in this study revealed
that varieties and organic fertilizer dosages (VxD)
significantly affected tiller growth at 30 to 45 DAP.
Malaysian upland rice variety at 0 t ha' organic fertilizer
and Situ Bagendit variety at 24 t ha' organic fertilizer
dosage (V4D1) and (V2D4) exhibited the most prominent
growth. In contrast, Kabir 07 varieties showed the lowest
tiller growth at 45 DAP (Table 2).

Chlorophyll content

Shading treatments affected the chlorophyll content of
cach variety observed, which was displayed by the
difference in the chlorophyll content. The difference is
assumed to be caused by genetic variability, particularly
the adaptability to light stress. Situ Bagendit displayed the
highest chlorophyll contents at shading level of 30%
(111.11 granule/mm®) and 60% (1444 granule/mm?).
While Kabir 07 displayed the lowest chlorophyll contents
(98.8 granule/mm?). It is widely accepted that the greener
the leaves, the higher the chlorophyll contents are. The
increase of the green intensity in low light depicted the
accumulation of chlorophyll on leaf surfaces (Muharia et
al. 2006). Shaded conditions resulting in adaptable varieties
increased the contents of its chlorophyll a, b, and total
chlorophyll).

Flowering time, panicle numbers, panicle length, the
weight of pithy grain, dry hay weight

The flowering time of upland rice varieties under
shaded and unshaded conditions showed insignificant
differences in all studied varieties (Figure 2). Panicle
number 1s influenced by a single factor of shading (main
plot), wvarieties (sub-plot), and interactions between
varieties and organic fertilizer dosages given (Tables 4 and
5). A shading level of 60% produced the lowest panicle
numbers (37.91/plant), followed by 30% shading and 0%
shading. Interactions between varieties and organic
fertilizer dosages, which produce the highest panicle
number is the Ciherang variety (48.72 per plant) at 50
g/plant organic fertilizer. In contrast, the lowest panicle
number is Kabir 07 (40.11 per plant) at 24 t ha'! organic
fertilizer. Panicle length is significantly affected by shading
and the combination of shading and varieties (Figure 4).
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30% shading intensity resulted in the longest panicles (22.6
cm), followed by 0% shading (21.5 c¢m). The shortest
panicle length was reported at 60% shading (20.7 cm).
Furthermore, the interaction effect between shading and
varieties resulted in optimum panicle length was reported at
30% shading treatments of Situ Bagendit variety and 30%
shading treatments and Kabir 07 variety (23.7 ¢m). While
60% shading treatment of Kabir 07 resulted in the shortest
panicle length (18.7 ¢m). Figure2 depicts the adaptability
of Situ Bagendit variety to moderate shading intensity,
while the Malaysian upland rice variety is more adaptive to
high shading intensity.

Table 5. Means, standard deviation and coefficient variation of
panicle numbers, grain weight, and dry hay weight of samples
abserved

Observation parameters

Average =+ SD CY

Varieties Panicle numbers
Ciherang 4651 £ 597 12.83
Situ Bagendit 4526  + 568" 12.54
Kabir 07 4108 + 5920 14.41
Malaysian Upland 4431 = 509 11.5

Shade (%) Panicle numbers
0 4803 = 267 535
30 4803 + 277 577
60 3791+ 278 724

Grain weight
0 2148 = 0700 327
30 2197 = 094 426
60 1677 + 077 457
Hay weight

0 12282 +  14.60° 11.94
30 11774+ 611 5.19
60 9058 + 683 7.54

ile: the numbers followed by the same letter notation in the
same column are not significantly different on the 5% LSD test

Total chlorophyll
140.00
120.00
100.00
E 30.00 +—Ciherang
i K abir-07
E 60.00 ——Situ Bagendit
= = Malaysia Upland
40.00
20.00
0.00
0 30 60

Figure 1. Total chlorophyll due to shading treatments in upland
rice varieties
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Figure 2. Flowering time of various upland varieties at different
shading treatment

Discussion
Plant height

Plant height under shaded conditions indicated plant
growth is strongly influenced by light availability. The
etiolation process which occurs during stem elongation is
suspected as a way for the immature plant to capture light
more efficiently. Similar results were also found by
Alridiwirsah et al. (2018) in their research, where they
reported that the most adaptive rice plant height growth
was found in 209% shade conditions, meaning that the shade
conditions we tested supported this finding. According to
Rizwan et al. (2020), increasing plant height is an effort to
increase light absorption because plants cannot lift leaves
above the canopy. Therefore, the plant growth rate has
been strongly regulated by the plant's ability to adapt to the
shaded conditions. This is in line with the report from
Soepandi et al. (2003), which stated that the tolerant
genotype responds to low light intensity by increasing the
length of the stem nodes, which then results in stem length
increment. Yang et al. (2019) also stated that plant height
increment is one of its adaptation mechanisms to low light
conditions. This mechanism imposed that shading
treatment could induce cell expansion and rapid cell
division, thus resulting in higher plant height.

Tiller number

It is stated that high tiller numbers under shaded
conditions would lower the total productivity due to
competition of light; hence, the tiller in the inner side of the
clump will act as a parasite (Sulistyono et al. 2002). In
addition, Sasmita et al. (2008) explained that the tolerant
genotype showed a lower drop in tiller numbers than
intolerant genotypes. Tiller numbers growth reported in this
study was significantly influenced by organic fertilizer
dosage and varieties interactions. Malaysian upland rice
varieties produced the highest tiller numbers even without
organic fertilizer treatment, followed by Ciherang varieties
at 16 t ha'. The effect of the single factors on the tiller
number parameter is also found in subplot (varieties) and
sub-sub plot (organic fertilizer dosages). At all observation
times, the optimum dosages were 24 tha™.
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The stress in environmental factors such as light
mtensity and organic fertilizer keeps the growth to normal
conditions, particularly on adaptive varieties such as
Malaysian upland rice. However, Krismawati et al. (2011)
stated that tiller numbers and adaptability of each variety
are different. The variety adapted to certain environmental
conditions based on the genotypes to gain the optimum
growth capability.

Observation of interaction effects indicates that the
difference in plant height due to environmental and genetic
factors contributed significantly to plant growth. Moreover,
it is assumed that each variety has its mechanisms for
absorbing and distributing plant nutrients which are
assumed to be regulated by genes.

Variety responses to fertilizer, particularly organic
fertilizer, mirror plant adaptability to nutrient nput from
the environment. Fertilizing using organic fertilizer deemed
to be better due to its ability to continue providing nutrients
according to plant needs (Rizwan et al. 2021; Tuhuteru et
al. 2021). Furthermore, raw material sources such as rice
straws are abundant.

Chlorophyll contents, flowering time, panicle numbers,
panicle length, weight of pithy grain, hay dry weight

The genetic composition of each variety of traits is
unique attributes to its quantitative or qualitative traits. For
example, it is known that upland rice has higher growth
rates at shaded conditions (30% and 60%) compared to
without shading (09%) at 15-45 DAP, albeit statistically
insignificant. The tendency of shading treatments leads to
plant growth increase due to shading treatment affecting
the plant's physiological process, which leads to stem
etiolation or cell elongation for the plant to get sunlight for
its growth. Moreover, plant response to shading largely
depends on its adaptability, especially due to the plant's
need to obtain sunlight through heightened auxin
production and distribution, resulting in cell elongation
(Khairunnisa et al. 2019).

Study results showed that the higher the level of
shading treatments are, the higher plant height increment,
whole leaves chlorophyll, and tiller numbers of the
observed varieties. On the contrary, panicles numbers,
panicle length, pithy grain numbers and dry hay weight
were reduced. The observed growth stress of the three
parameters is probably due to lower photosynthesis net
production due to shading treatments (30% and 60%).
Lower light mtensity caused disturbances m plant
metabolisms which implicated lower photosynthesis rates
and carbohydrate synthesis for the plant growth. Slow
growth response due to shading treatments was reported
differently in each variety observed. Adaptive variety in
this study is Situ Bagendit due to its ability to maintain
tiller numbers, high chlorophyll number, panicle length and
number, pithy grain number, and high dry hay number.
This phenomenon was strictly stated previously by Zhu et
al. (2008) and Liu et al. (2014) that low light intensity
greatly influenced agronomy and physiology traits of the
paddy plants, slowing physiologic metabolism, including
photosynthesis hence contributing to carbon and nitrogen
distribution. Moreover, Hairmansis et al. (2017), in which
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55% shading level caused an increase in plant height,
reduced productive tiller number, increased pith grain
sterility, and reduced total grain production.

Study results showed that the highest growth response
on each variety tested tends to increase with the increase of
organic matter on plants. For example, the highest response
showed by Kabir 07 at observation times of 30 and 45
DAP. It is known that organic matters improve the quality
and quantity of plant growth, including plant biochemical
conditions, through the improvement of the physical,
chemical, and biology of the soil as the plant growth
medium. This is in line with the finding of Schulz and
Glaser (2012), which stated that organic fertilizer could
improve soil fertility due to its ability to repair soil
structure, increase soil permeability, increase the land's
capability to provide water to the plant, increase cation
exchange capacity, providing nutrients such as N, P, K, Ca,
Mg, § as well as micronutrients. An increase in cation
exchange capacity will simplify nutrient provision and
absorption of the plant for its growth.

Shading treatments did not significantly affect the plant
height of all studied rice varieties. In contrast, organic
fertilizer dosage treatment showed a significant effect.
Shading treatments influenced chlorophyll number in each
variety observed. Situ Bagendit variety produced the
highest total chlorophyll at 30% and 60% shading level.
While Kabir 07 variety showed the lowest response Lo total
chlorophyll number at shaded conditions. Tiller numbers
were insignificantly affected by shading treatments instead
of organic fertilizer dosage, and Malaysian upland rice
varieties showed the highest tiller numbers compared to
other observed varieties.

Furthermore, flowering time is not affected by shading
treatments. At the same time, the panicle number was
affected by the single factors, i.e., shading level, varieties,
and interactions between varieties and organic fertilizer
dosages given. A shading level of 60% resulted in the
lowest panicle number compared to other treatments of all
varieties observed. In conclusion, rice cultivation under
shaded conditions is plausible, particularly in a country
such as Indonesia with vast plantation areas and other
tropical regions. However, caution must be taken to use
appropriate rice varieties and optimum organic fertilization
techniques.
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