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Abstract
Background and Objective: Drought stress under rainfed lowlands had an inhibition the rice growth and yield. This study aimed to
determine the effect of planting dates, fertilization, varieties and their interactions on the growth, yield and proline content of rice under
rainfed lowlands. Materials and Methods: This study was conducted in the Deli Serdang District, North Sumatra, Indonesia from January
to April, 2016. A split-split plot design was selected in this study with three replications. Main plot was planting dates (P1 = 10th, P2 = 20th
and P3 = 30th January), sub-plot was potassium fertilizer resources (F0 = control, F1 = 50 kg haG1 KCl, F2 = 5 ton haG1 rice straw
compost/RSC, F3 = 2.5 ton haG1 RSC+2.5 ton haG1 cattle manure/CM, F4 = 50 kg haG1 KCl+5 ton haG1 RSC, F5 = 50 kg haG1 KCl+2.5 ton haG1

and  RSC+2.5  ton  haG1  CM)  and  sub-sub  plot  was  rice  varieties  (V1  =  Situ  Bagendit,  V2  =  Towuti,  V3  =  Batutegi,  V4  =  Inpago-8,
V5 = Inpago-9, V6 = Inpago-10, V7 = Ciherang  and  V8  =  Inpari-10).  The  F  and  Duncan’s  tests  were  selected  for  data  analysis.
Results: The P1, F3-F5, Inpago-9 variety and their interactions (P1F4, P1F5, P1V2, P1V3, P1V5, P1V8, F5V5 and F5V1) significantly increased
highest of rice growth and yield under rainfed lowlands. The P1F4V2, P1F4V3, P1F4V4 and P1F5V5 interactions could increase the number
of filled grains of rice under rainfed lowlands. The proline content was negatively correlated to the grain yield of all varieties due to the
three interactions. Conclusion: The early planting with a combination of KCl+RSC+CM on the Towuti, Batutegi, Inpago-8 and Inpago-9
varieties can be implemented as an alternative in rainfed lowlands.
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INTRODUCTION

Rice yield in Indonesia were dominantly from irrigated
fields by 55.41% and rainfed lowlands at 44.59% with an area
covering 3.3 million ha1. It has been reported that the yield of
rainfed lowlands were lower compared to irrigated fields2.
Aleminew et al.3 found that three rice varieties tested
including Hiber, Ediget and X-jigna under rainfed lowland had
a yield of 3.8, 3.5 and 3.1 ton haG1, respectively. Jonharnas and
Sitindaon4 reported that rice productivity of rainfed lowlands
in the dry and rainy seasons were 3.20 and 4.50 ton haG1,
respectively. Rice growing in rainfed lowlands has several
problems because the main source of irrigation from rainfall5

and during the dry season the rice plants are under drought
stress6. During the rainy season, rice plants are under flooding
stress, phosphorus deficiency and iron toxicity7. In addition,
another problems in rainfed lowland rice is lower soil fertility.
Jawang8 reported that the soil pH and available-P in rainfed
lowland rice in East Nusa Tenggara were acidic and low.
Benauli9 added that the low nutrient of N and K2O in rainfed
lowland rice. Low soil fertility in rainfed lowlands can be
caused  by  the  nutrient deficiency and Boling et al.10 reported
that insufficient N and K nutrients inhibit the yield of rainfed
lowland rice. In addition, drought stress on rainfed lowland
rice had an inhibition in the growth and yield of rice plants,
but the antioxidants, polyphenols and prolines contents have
been increased11,12.

The problem of rainfed lowland rice needs to be
improved through several efforts, such as the use of tolerant
varieties through early selection13, water management,
application of organic matter14, planting dates15, combination
of organic and inorganic fertilizers, especially the increase of
potassium nutrient16 and other efforts. The technique of
planting date (early) has been reported to improve the
agronomic, physiological and yield characteristics of rice
compared to delay planting15,17. Rahim et al.18 reported that
several high-yielding varieties have been released and are
adaptive   to   rainfed   lowlands,   such  as  Ciherang  and 
Inpari  32.  Jauhari  et  al.19  found  new  high-yielding  varieties
of  rice  plants  such as Inpago-5, Inpago-8, Inpago-9 and
Inpari-19 were able to produce satisfactorily under rainfed
lowlands.

In addition, the application of organic matter from plant
residues and manure can support the yield optimization under
rainfed lowlands. Ogbodo20 and Rahman et al.21 reported that
the application of organic matter from plant residues and rice
straw significantly increased soil pH, total-N, available-P and
exchangeable-K. Sudarsono et al.22 also found the use of cattle
manure at 10 ton haG1 significantly increased the uptake of

total-N,  total-P  and  increase  the  plant  height,  number of
tillers,  relative  growth rate, leaf area and grain weight.
Andrias et al.23 also added that the combination of NPK
fertilizer with organophosphates and rice straw significantly
increased the number of panicles/clumps and filled
grain/panicles in rice plant under rainfed lowlands.

Based on the previous studies, it is necessary to develop
tests of several rice varieties such as Situ Bagendit, Towuti,
Batutegi,  Inpago-8,  Inpago-9,  Inpago-10,  Ciherang  and
Inpari-10 with a potential yield from 6.0 to 8.5 ton haG1 based
on the Indonesian Center for Rice Research. Several tests can
be conducted for optimizing rice yield under rainfed lowlands
in this study focused on the planting dates, KCl+rice straw,
compost+cattle manure and the use of several upland and
lowland rice varieties. This study aimed to obtain the effect of
planting dates (P), fertilization (F), varieties (V) and their
interactions (PF, PV, FV, PFV) on growth and yield and their
relationship to proline contents in rice plants under rainfed
lowlands.

MATERIALS AND METHODS

Study area: This study was conducted at Serdang Village,
Beringin Subdistrict, Deli Serdang District, North Sumatra,
Indonesia (3E38'32"N and 98E49'43"E) from January to April,
2016.  The  study  area  was  classified  as  rainfed  lowland  rice
and located at an altitude of ±5 m.a.s.l. with an average
rainfall  was  1900  mm  yearG1  and  temperature  ranging
from 26 to 28EC.

Selection materials (varieties and organic matter): The rice
varieties in this study were collected from the Indonesian
Center for Rice Research, Sukamandi, Subang, West Java,
Indonesia (Table 1). The upland rice varieties (Situ Bagendit,
Towuti, Batutegi, Inpago-8, Inpago-9, Inpago-10) and the
lowland rice (Ciherang, Inpari-10) were selected in this study.
The rice straw compost (RSC) and cattle manure (CM) were
selected and analyzed. The RSC had an organic-C, total-N,
total-P2O5, total K2O, water content and C/N ratio were 8.39,
1.06, 1.11, 1.36, 63.78% and 7.92, respectively. Likewise, the
CM were 9.21, 0.95, 0.64, 3.90, 35.00% and 9.69, respectively.

Land preparation and study design: Soil samples were taken
randomly at a depth of 0-20 cm, then composited and
analyzed for initial soil characteristics (Table 2). The treatment
plots were made with a size of 4×5 m, the distance between
plots  was  30  cm  and  the  distance  between  replicates was
50 cm. The plots were formed using a split-split-plot design
with   3   replications.   Main   plot  (planting  dates):  P1  =  10,
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Table 1: Description of the yielding characteristics of upland and lowland rice varieties
Yielding characteristics

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Varieties Thousand-grain weight (g) Yield average (ton haG1) Yield potential (ton haG1)
Upland rice
Situ Bagendit 27.5 4.0 6.0
Towuti 26.0 4.0 7.0
Batutegi 25.0 3.0 6.0
Inpago-8 - 5.2 8.1
Inpago-9 - 5.2 8.4
Inpago-10 - 4.0 7.3
Lowland rice
Ciherang 28.0 6.0 8.5
Inpari-10 - 5.0 7.0
Source: Indonesian Center for Rice Research

Table 2: Initial soil characteristics in this study
Soil characteristics Methods Value Criteria*
pH (H2O) Electrometry 5.70 Moderately acid
Organic-C (%) Spectrophotometry 1.12 Low
Total-N (%) Kjeldahl 0.10 Low
Total- P2O5 (mg/100 g) Spectrophotometry 48.32 High
Available-P (ppm) Bray-I 19.26 Moderate
Exchange-K (me/100 g) Atomic Absorption Spectrometry (AAS) 0.26 Low
Total-K2O (mg/100 g) AAS 45.33 High
Na (me/100 g) AAS 0.36 Moderate
Ca (me/100 g) AAS 9.98 High
Mg (me/100 g) AAS 3.81 High
Zn (ppm) AAS 6.8 Very low
CEC (me/100 g) AAS 26.85 High
Texture Hydrometer
Sand (%) 25.51 Loam
Silt (%) 49.87
Clay (%) 24.62
*Classification of soil characteristics refers to SRI24

P2  =  20  and  P3  =  30th  of  January.  Sub-plots  (fertilization):
F0 = control, F1 = 50 kg haG1 KCl, F2 = 5 ton haG1 rice straw
compost/RSC, F3 = 2.5 ton haG1 RSC+2.5 ton haG1 cattle
manure/CM,   F4   =   50   kg   haG1  KCl+5  ton  haG1  RSC  and
F5 =  50   kg  haG1  KCl+2.5  ton  haG1  RSC+2.5  ton  haG1  CM.
The   sub-sub-plots   (rice   varieties):   V1   =   Situ   Bagendit,
V2  =  Towuti,  V3  =  Batutegi,  V4  =  Inpago-8,  V5 = Inpago-9,
V6 = Inpago-10, V7 = Ciherang and V8 = Inpari-10.

Cultural practices: The RSC and CM were applied a week
before planting based on the treatment and mixed evenly to
a depth of 20 cm. Doses of 2.5 and 5 ton haG1 of RSC were
converted to 5 and 10 kg per plot and 2.5 ton haG1 of CM were
converted to 5 kg per plot. Seedlings are conducted by
soaking the seeds in the water for 24 hrs and then incubation
for 48 hrs. Seeds are sown marked and have germinated.
Planting was conducted at the age of 10 days after sowing
with three seedlings per hole and used the planting system
was 2:1 legowo. Basic fertilization was conducted 7 days after
planting (DAP) with 250 kg haG1 urea and 75 kg haG1 SP-36,
meanwhile, KCl based on treatment was given 2 times (7 and
40 DAP). Weed control was conducted according to field

conditions manually, meanwhile, pest and disease control
were conducted by spraying insecticide and fungicide.
Harvesting was conducted after the rice grain had turned 95%.

Parameters and data analysis: The parameters of this study
included plant height (PH), number of productive tillers (NPT),
total chlorophyll (TC), panicle length (PL), number of filled
grain (NFG), thousand-grain weight (TGW), grain yield (GY)
and  proline  content  (PC).  The  NPT  was  counted  when  the
rice plant  produced  grains.  The  TC  measurements   were
conducted on  the  base,  middle  and  apex  of  leaves  using
a  SPAD  502 plus  chlorophyll  meter.  Homogeneous  grain
size  of  1,000 was selected and then weighed. The calculation
of  GY  was  conducted  by  converting  to  the  formula  Eq.  1.
The PC was analyzed  from  leaf samples at the age of 60 DAP
based  on  the  method  of  Bates  et  al.25  using  the  Beckman
DB-G Spectrophotometer. The proline concentration was
determined  from  the  standard  curve  and  calculated  using
Eq. 2. The data were analyzed using the F-test and continued
by the DMRT at p<0.05. The data were natural logarithmic and
Pearson correlation analysis was performed using IBM SPSS
v.20 software:
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(1)
2

-1 10,000 mGrain yield (ton ha ) = × grain yield/plot
Plot area

(2) -1

( g prolin/mL mL toluene) /
        115.5 g/ molProline content mol g =

Fresh weight (g)

 
 



RESULTS AND DISCUSSION

Based on the analysis of variance, the planting dates (P),
fertilization (F) and varieties (V) significantly increased the
growth, yield and proline content of rice plants under rainfed
lowland (Table 3). The interaction of planting dates with
fertilization (P×F) significantly increased the number of filled
grain, grain yield and proline content of rice plants under
rainfed lowland. Likewise, the interaction of planting dates
with varieties (P×V) significantly increased the plant height,
number of productive tillers, total chlorophyll, panicle length,
the number of filled grain and grain yield. In addition, the
interaction of fertilization with varieties (F×V) significantly
increased the number of filled grain, thousand grain weight
and proline content. However, the P×F×V interactions only
significantly increased the number of filled grain.

Effect of planting dates, fertilization and varieties: The early
planting (10th January/P1) showed a higher plant height,
number of productive    tillers, total chlorophyll, panicle
length, number of filled grains, thousand-grain weight and
grain yield (Table 4), but it had a lower proline content
compared to other planting dates (P2 and P3). It was due to
the earlier planting of rice plants leading to a higher
accumulation of biomass than the delayed planting. These
results were supported  by  Satapathy  et  al.15,  Mukesh  et  al.17

and Khalifa26 that early planting of rice resulted in
physiological and yield characteristics compared to delayed
planting.

The highest increase in plant height, number of
productive tillers, panicle length, grain yield and proline
content were 23.34, 22.52, 11.83, 44.71 and 11.24%,
respectively in F5 fertilization (50 kg haG1 KCl+2.5 ton haG1

RSC+2.5 ton haG1 CM), while the increase in the number of
filled grain and thousand-grain weight of 35.64 and 10.53%
were found in F4 fertilization (50 kg haG1 KCl+5 ton haG1 RSC)
and an increase in total chlorophyll by 5.26% in fertilized with
2.5 ton haG1 RSC+2.5 ton haG1 CM (F3)  compared  to  control.
It was due to the RSC and CM had an organic-C (8.39 and
9.21%) and total-K2O are higher than total-N and total-P2O5
that which can increase soil organic-C and affect the
absorption of N, P, K nutrients and have an impact on the
physiology of rice plants. It  could  be  seen  in  the  SPAD  total
chlorophyll  of  rice plants  (physiological  character)  at  the 
F2-F5  fertilizations were significantly different compared to F0
and F1 (Table 4). In addition, the SPAD total chlorophyll
produced was significantly correlated with panicle length, the
number of filled grains and thousand-grain weight in all rice
varieties in rainfed lowland. These findings were supported by
Ogbodo20 that organic matter from plant residues can increase
soil pH by increasing soil buffering capacity. Sudarsono et al.22

and  Teheri et  al.27  reported  that  the  dose  application  of
10-15 ton haG1 CM significantly increased the agronomy and
physiological characteristics of rice. Rahman et al.21 added that
the RSC could increase the total-N, available-P and exchange-K
by 60.00, 56.63% and 2.8 times, respectively.

The result also showed that the Inpago-9 variety had the
highest number of productive tillers, number of filled grains,
thousand-grain   weight,   grain   yield   and   proline   content

Table 3: F-test of planting dates (P), fertilization (F) and varieties (V) in a split-split-plot design
F-value

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Source PH NPT TC PL NFG TGW GY PC
Replicate 0.96ns 26.05* 0.14ns 57.04* 0.60ns 4.16* 5.26* 1.88ns

Planting dates (P) 63.66* 190.69* 41.24* 203.12* 2831.86* 158.63* 933.21* 276.37*
Error (P)
Fertilization (F) 75.69* 55.80* 32.18* 35.91* 290.42* 86.53* 136.33* 47.17*
P×F 1.19ns 1.28ns 1.73ns 0.62ns 11.74* 0.75ns 9.51* 3.58*
Error (F)
Varieties (V) 55.61* 43.65* 16.87* 58.49* 43.73* 32.55* 45.06* 252.30*
P×V 4.79* 6.17* 1.92* 6.84* 8.49* 1.31ns 2.93* 0.73ns

F×V 1.03ns 0.78ns 1.05ns 1.31ns 2.08* 2.17* 0.42ns 3.80*
P×F×V 0.73ns 0.53ns 1.31ns 1.11ns 1.75* 0.73ns 0.61ns 1.65ns

Error (V)
*Indicated significantly different by DMRT at p<0.05, ns: Not significant, PH: Plant height, NPT: Number of productive tillers, TC: Total chlorophyll, PL: Panicle length,
NFG: Number of filled grains, TGW: Thousand grain weight, GY: Grain yield and PC: proline content

196



Asian J. Plant Sci., 23 (2): 193-204, 2024

Table 4: Effect of planting dates (P), fertilization (F) and varieties (V) on the growth, yield and proline content of rice plants under rainfed lowland
Growth Yield

---------------------------------------------------- --------------------------------------------------------------------------------------- PC
Treatment PH (cm) NPT TC PL (cm) NFG TGW (g) GY (ton haG1) (µmol gG1)
Planting dates (P)
P1 65.84a 11.41a 42.50a 24.72a 136.26a 26.10a 5.49a 60.88c

P2 60.11b 10.39b 41.65b 24.25b 100.17b 25.23b 3.91b 65.72b

P3 59.95b 9.28c 40.95c 22.31c 80.97c 24.15c 3.01c 70.94a

Fertilization (F)
F0 54.53d 9.19c 40.28b 22.32c 87.26c 23.64d 3.31c 61.72b

F1 57.53c 9.58c 40.65b 22.70c 93.42c 24.29c 3.48c 62.70b

F2 62.42b 10.50b 42.37a 24.05b 109.09b 25.42b 4.27b 66.97a

F3 63.11b 10.58b 42.40a 24.12b 108.58b 25.44b 4.23b 66.65a

F4 66.96a 11.05a 42.19a 24.38ab 118.36a 26.13a 4.75a 68.39a

F5 67.26 a 11.26a 42.31a 24.96a 118.10a 26.05a 4.79a 68.66a

Varieties (V)
V1 62.76b 10.85ab 42.53a 22.55d 110.21a 25.32bc 4.46a 69.86b

V2 56.44c 10.53ab 42.51a 23.14cd 106.08a 25.49b 4.38a 70.11ab

V3 69.23a 8.87d 41.81a 25.50a 106.81a 24.76d 3.99bc 69.48b

V4 62.38b 10.68ab 40.89b 24.12bc 106.13a 24.55de 4.26ab 70.21ab

V5 68.49a 11.33a 41.77a 24.71ab 109.09a 26.41a 4.53a 71.34a

V6 62.84b 11.04ab 41.94a 24.55ab 106.61a 25.66b 4.46a 69.28b

V7 57.98bc 9.46cd 40.15b 22.51d 92.67b 24.16e 3.18d 51.52d

V8 55.62c 10.12bc 42.00a 22.96cd 108.80a 24.95cd 3.85c 54.99c

Values followed by different letters in the same column were significant based on the DMRT at p<0.05, PH: Plant height, NPT: Number of productive tillers, TC: Total
chlorophyll, PL: Panicle length, NFG: Number of filled grain, TGW: Thousand grain weight, GY: Grain yield and PC: Proline content

compared to other varieties. The grain yield of the Inpago-9
variety was 4.53 ton haG1 and classified as adaptive in rainfed
lowland due to the high levels of proline produced compared
to other varieties. The problem of drought in rainfed lowland
rice increases several biochemical compounds such as proline
levels as an adaptation mechanism. This finding was
supported by Zhou et al.28, Upadhyaya and Panda29 that the
expression of glutamate dehydrogenase provides drought
tolerance in rice plants by preventing the accumulation of
ammonia and increasing glutamate, proline, glycine betaine
and soluble sugar compounds. Jauhari et al.19 also found that
upland rice plants of the Inpago-9 variety were classified as
adaptive to rainfed lowland rice in Central Java with a yield
was 5.38 ton haG1.

Interaction effect of planting dates and fertilization (P×F):
The highest increase in the number of filled grain, grain yield
and proline content in rice plants was due to the interactions
of P1F4, P1F5 and P3F5 were 37.72, 39.55 and 16.17%,
respectively compared to P1F0 and P3F0 (Table 5).

Interactions of P1F4 and P1F5 showed the highest
number of filled grain and grain yield of rice plants under
rainfed lowland compared to other interactions. The growth
of rice plants at the interactions of P1F4 and P1F5 is assumed
un-stressed by drought under rainfed lowland. It was due to
the proline content produced in their interaction being lower
compared to the other planting dates (P2 and P3) at the
similar fertilization. Low contents of proline at an earlier
planting indicate that rice plants are un-stressed by drought

under  rainfed  lowlands,  thus  producing  higher  biomass.
These findings were supported by Jaleel et al.30 that proline
accumulation can be used as a selection parameter for stress
tolerance. Saha et al.12 reported that drought stress could
increase proline accumulation in the leaves of BRRI dhan-30, 
BRRI  dhan-32,  BRRI  dhan-34,  BRRI  dhan-38  and BRRI dhan-
56 varieties by 56.14, 85.1%, 1.4-, 1.1- and 3.7 times,
respectively. Pal et al.31 added that a decrease in nitrogen
translocation, leaf area index, total-N uptake and grain yield of
rice plants for PR-121, RIL-367 and RIL-1649 genotypes due to
delayed planting from June, 1st to 20th. Chandini et al.32 also
found a decrease in dry weight and grain yield of rice plants
due to differences in planting dates from August 5th to 21st.
In addition, the KCl fertilizer treated with organic fertilizer (RSC
and CM) at the early planting (P1) is assumed to increase
nutrient uptake in rice plants. This result was supported by
Iqbal  et  al.33  that  the  combination  of  nitrogen  (N)  fertilizer
with organic fertilizers (60+40% CM+N, 30+70% CM+N and
60+40% poultry manure/PM+N, 30+70% PM+N) significantly
increased organic-C, total-N, nitrogen availability and
translocation, harvest age, panicle length, panicle number,
filled grain and grain yield of rice plants compared to control
and 100% nitrogen fertilizer.

Interaction  effect  of  planting  dates  and  varieties  (P×V):
The highest increase in plant height, number of productive
tillers and grain yield at the interaction of P1V5 (early planting
with   the  Inpago-9  variety)  and  an  increase  in  total
chlorophyll, panicle  length and  number  of  filled grain at  the
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Table 5: Interaction effect of planting dates and fertilization (P×F) on the growth, yield and proline content in rice plants under rainfed lowland.
Growth Yield

---------------------------------------------------------- -------------------------------------------------------------------------------------
P F PH NPT TC PL NFG TGW GY PC
P1 F0 57.34 10.10 40.98 23.09 111.16f 24.47 4.45de 57.47f

F1 60.68 10.49 41.29 23.22 118.05d 25.12 4.62cd 56.88f

F2 66.80 11.69 43.10 24.78 143.39c 26.39 5.80b 62.43e

F3 65.88 11.44 43.29 25.54 142.15c 26.48 5.73b 61.96e

F4 72.44 12.36 43.35 25.48 153.09a 27.21 6.16a 63.21de

F5 71.94 12.40 42.97 26.18 149.73b 26.94 6.21a 63.33de

P2 F0 52.64 9.13 39.98 22.80 82.35l 23.77 2.95hi 62.57e

F1 55.71 9.55 40.34 23.41 90.47hi 24.45 3.12gh 64.18de

F2 60.35 10.44 42.39 24.70 100.82g 25.30 3.97e 66.60c

F3 61.34 10.89 42.94 24.63 101.07g 25.57 4.03e 67.04c

F4 64.86 10.94 41.89 24.85 111.89ef 25.96 4.70c 66.94c

F5 65.78 11.41 42.36 25.08 114.44ef 26.31 4.71c 67.01c

P3 F0 53.60 8.34 39.88 21.05 68.26n 22.66 2.52j 65.11cd

F1 56.21 8.69 40.31 21.48 71.76m 23.30 2.70ij 67.05c

F2 60.11 9.39 41.63 22.68 83.05jkl 24.55 3.06h 71.88b

F3 62.13 9.43 40.97 22.20 82.51kl 24.28 2.92hi 70.95b

F4 63.59 9.85 41.32 22.82 90.09i 25.23 3.40fg 75.02a

F5 64.06 9.96 41.60 23.62 90.13hi 24.91 3.44f 75.64a

Values  followed  by  different  letters  in  the  same  column  were  significant  based  on  the  DMRT  at  p<0.05,  PH:  Plant  height,  NPT:  Number  of  productive  tillers,
TC: Total chlorophyll, PL: Panicle length, NFG: Number of filled grain, TGW: Thousand grain weight, GY: Grain yield and PC: proline content

Table 6: Interaction effect of planting dates and varieties (P×V) on the growth, yield and proline content in rice plants under rainfed lowland
Growth Yield

---------------------------------------------------------- -------------------------------------------------------------------------------------
P V PH NPT TC PL NFG TGW GY PC
P1 V1 68.03a-p 11.48abc 42.71abc 24.00e-h 139.43a 25.99 5.90a 64.81

V2 58.62j-q 11.07bcd 43.83a 24.30d-g 138.17a 26.41 5.82a 66.11
V3 75.67ab 10.03ef 42.66abc 26.07a 139.15a 26.00 5.07b 64.39
V4 66.52a-q 11.57abc 42.28abc 24.93bcd 139.51a 25.68 5.71a 65.67
V5 76.33a 12.08a 42.60abc 25.42ab 138.50a 27.15 6.01a 66.77
V6 66.10a-q 11.73ab 43.14abc 24.55c-f 138.30a 26.58 5.89a 63.71
V7 60.07g-q 11.63abc 40.46abc 24.18d-h 115.53a-e 25.07 4.20c 46.45
V8 55.42opq 11.70abc 42.30abc 24.27d-h 141.51a 25.92 5.35b 49.13

P2 V1 60.03h-q 11.00cd 42.96abc 22.67jk 111.18b-h 25.42 4.37c 69.50
V2 54.50pq 10.67de 42.16abc 23.73fgh 102.48e-k 25.33 4.09cd 70.17
V3 68.38a-p 8.63h 41.57abc 26.05a 95.44h-o 24.49 3.87d 69.56
V4 61.38d-p 10.63de 40.55abc 25.33abc 97.36g-o 24.66 4.03cd 70.58
V5 64.17a-q 11.60abc 42.00abc 25.22bc 102.91d-k 26.79 4.28c 71.29
V6 61.60c-q 11.10bcd 41.89abc 24.58cde 97.85f-n 25.59 4.17cd 69.09
V7 57.15l-q 9.37g 40.20abc 22.90ij 89.92i-q 24.28 2.99fg 50.83
V8 53.68q 10.13ef 41.87abc 23.48hi 104.25c-I 25.27 3.52e 54.77

P3 V1 60.22f-q 10.07ef 41.92abc 20.98mn 80.02opq 24.55 3.10f 75.27
V2 56.20n-q 9.87fg 41.56abc 21.40lm 77.59pq 24.73 3.23ef 74.07
V3 63.65a-q 7.93ij 41.19abc 24.38def 85.85j-q 23.78 3.03fg 74.50
V4 59.23i-q 9.83fg 39.82bc 22.10kl 81.52m-q 23.31 3.05fg 74.38
V5 64.98a-q 10.32ef 40.71abc 23.50ghi 85.84k-q 25.28 3.29ef 75.96
V6 60.83e-q 10.28ef 40.79abc 24.53c-f 83.69l-q 24.79 3.31ef 75.03
V7 56.73m-q 7.37j 39.79c 20.45n 72.57q 23.13 2.37h 57.27
V8 57.75k-q 8.53hi 41.83abc 21.12mn 80.65n-q 23.66 2.68gh 61.06

Values  followed  by  different  letters  in  the  same  column  were  significant  based  on  the  DMRT  at  p<0.05,  PH:  Plant  height,  NPT:  Number  of  productive  tillers,
TC: Total chlorophyll, PL: Panicle length, NFG: Number of filled grain, TGW: Thousand grain weight, GY: Grain yield and PC: Proline content

interaction of early planting with the Towuti (P1V2), Batutegi
(P1V3) and Inpari-10 (P1V8) varieties (Table 6).

It was due to the earlier planting resulting in higher
biomass production and has an impact on increasing grain
yields. These results could be presented by plant height,
number of productive tillers, total chlorophyll, panicle length,

number of filled grains and thousand-grain weight which have
a significant correlation to the grain yield in Towuti, Batutegi,
Inpago-9 and Inpari-10 varieties. This finding was supported
by Pal et al.31 that the grain yield of rice plants at early planting
is highly correlated (r = 0.91) with biomass compared to
delayed planting (r = 0.82). Limouchi34  also  reported  that  the
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Table 7: Interaction effect of fertilization and varieties (F×V) on growth, yield and proline content in rice plants under rainfed lowland
Growth Yield

------------------------------------------------------- -------------------------------------------------------------------------------------
F V PH NPT TC PL NFG TGW GY PC
F0 V1 55.30 9.43 41.46 20.82 90.38o-x 23.63o-r 3.74 67.43j-n

V2 50.63 9.53 40.48 21.79 89.21q-x 24.47j-o 3.59 64.68m-p

V3 58.83 7.93 39.58 23.35 87.82u-x 23.73n-q 3.12 62.97op

V4 55.73 9.57 39.94 22.22 86.26vwx 23.44o-r 3.39 69.40e-l

V5 57.57 9.97 39.73 23.11 89.13r-x 24.41j-o 3.62 66.19k-o

V6 56.43 9.87 40.77 23.11 88.24s-x 22.99qr 3.57 64.29nop

V7 51.40 8.23 39.47 21.74 79.08x 23.70n-q 2.49 48.75t

V8 50.30 8.97 40.82 22.38 87.93t-x 22.72r 2.93 50.02st

F1 V1 60.00 9.87 40.82 21.49 93.29m-x 24.51i-n 3.70 65.36l-p

V2 52.47 9.87 41.51 21.93 94.25l-x 24.66h-n 3.78 66.88j-o

V3 62.60 8.10 40.97 24.22 92.95n-x 24.36m-p 3.25 68.16h-n

V4 58.50 10.00 39.82 22.95 96.09g-x 24.03g-l 3.62 66.75j-o

V5 61.93 10.80 40.47 23.64 96.03h-x 25.17g-l 4.06 67.72i-n

V6 58.73 10.20 40.77 23.38 94.83k-x 24.12l-p 3.72 64.66m-p

V7 53.87 8.63 39.58 22.10 84.46wx 23.33pqr 2.51 48.35t

V8 52.17 9.13 41.26 21.92 95.50i-x 24.15l-p 3.17 53.75qrs

F2 V1 62.33 11.20 42.59 22.79 114.06a-f 25.16g-l 4.57 68.14h-n

V2 57.23 10.73 43.96 22.86 111.33a-l 25.34g-k 4.53 71.75b-I

V3 71.37 8.80 42.54 26.42 110.96a-m 24.91g-m 4.02 67.74i-n

V4 63.17 10.93 41.11 25.02 108.59b-n 24.90g-m 4.49 69.03f-l

V5 69.30 11.40 42.34 24.61 113.92a-h 27.20ab 4.58 74.47abc

V6 62.53 11.27 43.47 24.81 108.03c-o 25.91c-g 4.72 73.65a-d

V7 57.00 9.23 40.61 22.87 94.91j-x 24.27k-p 3.23 54.95qr

V8 56.43 10.47 42.35 23.05 110.91a-m 25.63d-h 4.03 56.02qr

F3 V1 63.17 11.33 43.40 23.29 111.92a-l 25.27g-k 4.66 72.07b-h

V2 57.20 10.10 43.18 24.43 104.56e-u 25.47e-j 4.53 68.72g-m

V3 69.13 8.87 42.54 25.32 110.04a-n 25.11g-l 4.01 73.93a-d

V4 63.70 11.07 41.92 24.02 112.13a-l 24.58h-n 4.35 73.65a-d

V5 72.37 11.83 42.97 25.51 115.81a-f 26.40b-f 4.63 69.95d-k

V6 63.50 11.70 41.97 24.91 111.48a-l 26.48b-e 4.59 70.11d-k

V7 58.67 9.70 40.53 22.41 89.80p-x 24.42j-o 3.32 53.84qrs

V8 57.17 10.07 42.69 23.12 112.87a-I 25.80c-g 3.72 50.95st

F4 V1 68.13 11.53 43.26 23.22 124.01a-d 26.69bc 5.03 74.27abc

V2 60.63 11.17 42.83 23.99 124.08a-d 26.59bcd 4.86 75.70ab

V3 75.97 10.00 42.55 26.75 121.14a-e 25.44f-j 4.75 71.81b-h

V4 67.17 11.07 41.19 24.65 119.30a-e 25.79c-g 4.81 70.55c-j

V5 72.50 11.90 43.09 25.34 118.41a-f 27.38ab 5.14 76.36a

V6 68.57 11.70 41.94 24.98 119.71a-e 27.11ab 5.05 70.61c-j

V7 63.40 10.07 40.03 22.90 100.81f-w 24.61h-n 3.72 50.38st

V8 59.33 10.97 42.64 23.22 119.41a-e 25.46e-j 4.65 57.46q

F5 V1 67.63 11.73 43.65 23.69 127.61a 26.67bc 5.02 71.88b-h

V2 60.47 11.80 43.13 23.86 113.05a-I 26.42b-f 4.96 72.97a-f

V3 77.50 9.50 42.68 26.95 117.97a-f 24.99g-m 4.79 72.30b-g

V4 66.00 11.43 41.34 25.85 114.40a-f 24.57d-I 4.91 71.90b-h

V5 77.30 12.10 42.02 26.07 121.22a-e 27.88a 5.13 73.34a-e

V6 67.30 11.50 42.73 26.14 117.40a-f 27.32ab 5.07 72.35a-g

V7 63.57 10.87 40.69 23.04 106.97d-r 24.63h-n 3.82 52.85rs

V8 58.30 11.13 42.25 24.05 126.20ab 25.94c-g 4.61 61.71p

Values  followed  by  different  letters  in  the  same  column  were  significant  based  on  the  DMRT  at  p<0.05,  PH:  Plant  height,  NPT:  Number  of  productive  tillers,
TC: Total chlorophyll, PL: Panicle length, NFG: Number of filled grain, TGW: Thousand grain weight, GY: Grain yield and PC: Proline content

interaction of planting dates with varieties significantly
increased panicle dry weight and had a highly correlated
(0.759) between panicle dry weight within grain yield of rice
plants.

Interaction effect of fertilization and varieties (F×V): The
highest  increase  in  proline  content,  thousand-grain  weight

and the number of filled grains in the F4V5, F5V5 and F5V1
interactions were 15.36, 14.22 and 41.19%, respectively
compared to F0V5 and F0V1 (Table 7).

It was shown that the combination of chemical+organic
fertilization (KCl+RSC, KCl+CM) at different doses can support
the growth of rice plants (Inpago-9 and Situ Bagendit) under
rainfed lowland. It could be seen by  the  total  chlorophyll  of
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Fig. 1: Interaction effect of planting dates, fertilization and varieties (P×F×V) on the number of filled grains in rice plants under
rainfed lowland

rice plants due to F2-F5 fertilization (RSC, RSC+CM, KCl+RSC,
KCl+RSC+CM) significantly increased compared to control or
single chemical fertilization (Table 4). It was assumed that the
total chlorophyll content affected rice yield, which was
indicated by a significantly correlated to panicle length,
number  of  filled grains, thousand-grain weight and grain
yield in Inpago-9 and Situ Bagendit varieties. According to
Iqbal et al.35 the combination of chemical fertilizers (CF) with
organic fertilizers (60+40, 30+70% CM+CF and 60+40,
30+70% PM+CF) significantly increased soil pH, organic-C,
total-N, nutrients availability (nitrogen, phosphorus,
potassium), net photosynthetic rate, nitrogen translocation,
panicle  length  and  filled  grain  of  rice   compared   to
control and 100% CF.

Interaction effect of planting dates, fertilization and
varieties (P×F×V): The interactions of P1F4V2, P1F4V3,
P1K4V4 and P1F5V5 significantly increased the number of
filled grains of rice was significant to other interactions (Fig. 1).

It was due to the combination of chemical and organic
fertilizers that can increase soil fertility and have an impact on
the accumulation of biomass at earlier planting with Towuti,
Batutegi, Inpago-8 and Inpago-9 varieties which resulted in a
higher number of filled grain. It could be seen the plant
height, the number of productive tillers, total chlorophyll and
panicle length were significantly correlated to the number of
filled grains in the four varieties. The highest correlation value
was found in the total chlorophyll. It was indicated that the
number of filled grain in the P×F×V interactions was strongly
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Table 8: Correlation between parameters due to the interactions of planting dates, fertilization and rice varieties under rainfed lowland
Rice varieties PH NPT TC PL NFG TGW GY PC
Situ Bagendit PH 1 0.596** 0.420* 0.331* 0.509** 0.855** 0.193 0.046

NPT 1 0.665** 0.388* 0.553** 0.580** 0.159 0.189
TC 1 0.505** 0.490** 0.504** 0.188 0.335*
PL 1 0.605** 0.413* 0.532** -0.142
NFG 1 0.679** 0.456** -0.266
TGW 1 0.238 0.124
GY 1 -0.310
PC 1

Towuti PH 1 0.488** 0.496** 0.289 0.461** 0.745** 0.374* 0.224
NPT 1 0.482** 0.370* 0.461** 0.553** 0.478** 0.392*
TC 1 0.394* 0.561** 0.552** 0.645** 0.110
PL 1 0.515** 0.382* 0.602** -0.027
NFG 1 0.808** 0.899** -0.055
TGW 1 0.717** 0.221
GY 1 0.009
PC 1

Batutegi PH 1 0.471** 0.205 0.351* 0.552** 0.788** 0.361* 0.037
NPT 1 0.574** 0.254 0.748** 0.666** 0.772** 0.020
TC 1 0.532** 0.571** 0.369* 0.712** 0.165
PL 1 0.436** 0.259 0.511** 0.008
NFG 1 0.753** 0.848** -0.138
TGW 1 0.578** -0.001
GY 1 -0.054
PC 1

Inpago-8 PH 1 0.456** 0.714** 0.226 0.563** 0.630** 0.391* -0.056
NPT 1 0.556** 0.234 0.480** 0.547** 0.544** 0.286
TC 1 0.327 0.775** 0.685** 0.689** -0.143
PL 1 0.463** 0.348* 0.525** -0.115
NFG 1 0.731** 0.912** -0.355*
TGW 1 0.635** -0.032
GY 1 -0.283
PC 1

Inpago-9 PH 1 0.422* 0.616** 0.385* 0.631** 0.677** 0.429** -0.015
NPT 1 0.588** 0.352* 0.625** 0.651** 0.681** 0.185
TC 1 0.461** 0.657** 0.680** 0.574** -0.022
PL 1 0.547** 0.545** 0.560** 0.014
NFG 1 0.774** 0.894** -0.107
TGW 1 0.695** 0.277
GY 1 -0.071
PC 1

Inpago-10 PH 1 0.381* 0.361* 0.259 0.535** 0.720** 0.371* 0.064
NPT 1 0.695** 0.251 0.590** 0.607** 0.623** 0.212
TC 1 0.273 0.712** 0.652** 0.819** 0.044
PL 1 0.251 0.532** 0.281 0.339*
NFG 1 0.720** 0.900** -0.222
TGW 1 0.699** 0.173
GY 1 -0.152
PC 1

Ciherang PH 1 0.254 0.516** 0.184 0.481** 0.793** 0.435** -0.029
NPT 1 0.257 0.560** 0.801** 0.268 0.811** -0.254
TC 1 0.158 0.329 0.435** 0.267 -0.042
PL 1 0.611** 0.369* 0.486** -0.528**
NFG 1 0.614** 0.827** -0.418*
TGW 1 0.490** -0.313
GY 1 -0.175
PC 1

Inpari-10 PH 1 0.256 0.714** 0.009 0.185 0.622** 0.079 0.342*
NPT 1 0.328 0.436** 0.704** 0.634** 0.708** -0.113
TC 1 0.077 0.299 0.630** 0.238 0.204
PL 1 0.602** 0.451** 0.551** -0.356*
NFG 1 0.742** 0.903** -0.238
TGW 1 0.621** 0.033
GY 1 -0.117
PC 1

**and *Correlation is significant at the 0.01 and 0.05 levels, n: 36 samples, PH: Plant height, NPT: Number of productive tillers, TC: Total chlorophyll, PL: Panicle length,
NFG: Number of filled grain, TGW: Thousand grain weight, GY: Grain yield and PC: Proline content
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influenced by the total chlorophyll of rice plants. According to
Iqbal et al.35 the combination of chemical fertilizers with
organic fertilizers at different doses could increase soil pH,
organic-C, total-N, nutrients availability (nitrogen, 
phosphorus,   potassium)   and   increase   the   rice  yield.
Kumar et al.36 added that the increase in chlorophyll content
and net photosynthetic rate in seed filling required nutrients
faster from chemical fertilizers, while organic fertilizers were
slow and stable in providing nutrients throughout the entire
growth period.

Correlation values: All characteristics of rice plants were due
to the interactions of planting dates, fertilization and varieties
under rainfed lowland (Table 8).

The plant height, number of productive tillers, total
chlorophyll, panicle length, number of filled grain and
thousand-grain weight were positively correlated with grain
yield in all rice varieties under rainfed lowlands. However,
proline contents were negatively correlated with grain yield in
all varieties, except Towuti. It was the interaction of planting
dates, fertilization and varieties that can support soil fertility
and cause rice plants to be more adaptive to drought stress in
rainfed lowland, thus proline content was negatively
correlated with grain yields. Purbajanti et al.11 found that an
increase in drought stress caused a decrease in the number of
tillers, stover weight, grain yield and chlorophyll content, but
increased antioxidant, polyphenol and proline content in rice
plants.

The outcomes of this study proved that rainfed lowland
can be optimized through early planting, combining KCl
fertilizer at a dose of 50 kg haG1 with organic materials, such as
rice straw compost and cattle manure at 2.5 tons haG1

respectively. Among rice varieties, it is evident that upland
rice, especially the Inpago-9 variety had a greater potential in
responding  to  the  early  planting   combined   with
potassium fertilizer and organic matter compared to lowland
rice. The three efforts can be used as short- and long-term
management techniques in improving soil fertility and rice
yields in rainfed lowland.

CONCLUSION

The    increase    in   the   growth   and   yield   characters
of    rice    plants   in   rainfed   lowland   were   greater   found
at  an  earlier  planting  (January  10th),  F3-F5  fertilization
(2.5+2.5 ton haG1 RSC+CM, 50 kg  haG1  KCl+5  ton  haG1  RSC,
50  kg  haG1  KCl+2.5+2.5  ton   haG1   RSC+CM)   and   Inpago-9

variety. The interaction of P1F4 and P1F5 could increase the
highest number of filled grains and grain yields were 37.72
and 39.55%. The interaction of P1V5 could increase the
highest plant height, the number of productive tillers, grain
yield and P1V2, P1V3, P1V8 interactions also increased total
chlorophyll, panicle length and the number of filled grain.
Based on the F×V interaction, the F5V5 and F5V1 could
increase thousand-grain weight and the number of filled
grains by 14.22 and 41.19%. The results also obtained that the
interactions of P1F4V2, P1F4V3, P1F4V4 and P1F5V5 could
increase the number of filled grains. There was a negative
correlation  between  proline  content  and  grain  yield   due
to the interaction  of  the  three  treatments.  These  findings
suggested that early planting with a combination of
fertilization (KCl+RSC+CM) and the Inpago-9 variety can be
used as an alternative to optimizing rice yield under rainfed
lowland.

SIGNIFICANCE STATEMENT

About 27.5% of rice yields in Indonesia are found in
rainfed lowland. The area covered by rainfed lowland should
be managed to support food self-sufficiency through the
planting date, potassium fertilizer both inorganic and organic
and the use of several varieties  of  lowland  and  upland  rice.
It was found that earlier planting, organic potassium fertilizers
combined with KCl and the Inpago-9 variety significantly
increased the highest growth and yield of rice under rainfed
lowland. These findings can be used as an important
alternative for academics, farmers and stakeholders in
mitigating rainfed fields.
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