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ABSTRACT

This study aimed to determine the potential residues of the rice crop from the second planting period, which
were fed with a mixture of pistia compost and rice straw of various compositions with the Brassica rapa L.
pakcoy. The study used a factorial randomized block design, the first factor was 7 levels divided into 5
compost mixtures and 2 comparison treatments (NPK fertilizer treatment and control) as follows; control, M,
: 100% pistia, M, : 75% pistia + 25% rice straw, Ms : 50% pistia + 50% rice straw, My : 25% pistia + 75%
rice straw, Ms : 100% rice straw and Mg : NPK ., and the second factor is the presence or absence of addition
of compost in the second rice planting period divided into 2 levels; 1. (+) = addition of compost, 2.(-) = no
addition of compost. The results showed that the residue of composting for the second planting period of rice
had a positive effect on soil fertility, especially in the repeated addition of compost, which showed a very
significant positive priming effect. The highest positive priming effect was shown by the medium of high-
quality compost, namely the treatment of 100% pistia (M1+) seen in the growth parameters and yield of
Brassica rapa L pakcoy. The increase in growth due to the addition of repeated compost was 5.10% to
14.24%, and an increase in yield was 5.41% to 11.11% in various treatments of mixed compost media. The
treatment with repeated addition of compost gave a significant response to the P uptake of Brassica rapa L
plants but the treatment without compost (-) showed 36.72% higher than the treatment with the addition of
compost (+).
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1. INTRODUCTION

For plants, phosphorus does not need nutrients to regulate protein synthesis in the process
of cell division and the development of plant tissues that form the point of growth of plants. In
addition, it is not certain that it functions to strengthen fruit ripening, strengthen stems, for root
development, improve plant quality, metabolism of carbohydrates, nucleoproteins (as the maker of
RNA and DNA) and store and transfer energy such as ATP. Phosphorus also serves to increase
disease resistance.

Phosphorus-deficient plants are stunted, have short stem segments, leaf margins are
purplish or reddish, and yield decreases due to reduced fruit and seed formation. One of the

additions of phosphorus nutrients can be done through plant input as a source of organic matter as
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well as a source of nutrients for plants. Adding plant residues to the soil is one of the important
factors in controlling soil fertility and adding soil organic matter. The introduction of plant residues
into the soil has different effects on plant growth depending on the rate of decomposition and
mineralization of the plant residues. The rate of mineralization of plant residues is a function of the
quality of the residue itself.

In Indonesia, the input of organic matter is often done repeatedly in one year of the
growing season. The addition of new organic matter at the beginning of each growing season can
affect the decomposition rate of previously applied organic matter (Jenkinson et al., 1985;
Kuzyakov, 2002). This effect is called the priming effect where this effect can be positive
(stimulation) or negative (retardation) and can affect the recovery of organic matter by plants.
Another study stated that organic matter can cause residual effects after one year of application into
the soil (Yadvinder-Singh et al., 2005;Daudén et al., 2004).

High residue quality (high N content, low lignin, and polyphenol content) will mineralize
quickly and provide nutrients quickly but often exceeds plant requirements at the beginning of the
growth period (Hairiah et al., 2000). On the other hand, low-quality residues (low P content, high
lignin, and polyphenol content) will experience slow mineralization and little can be absorbed by
plants but have sufficient nutrient reserves for the long term.

The provision of organic matter that is mostly done by farmers is not able to increase crop
production optimally, this is due to the low amount of nutrients provided in a short time, as well as
the low level of synchronization between the time of nutrient release and the plant's need for
nutrients. The results of several studies show that organic matter derived from legume crop
residues only releases about 20-45% of the nutrients contained in it, in one cycle of seasonal crops
of this amount only about 20-30% can be utilized by plants (Handayanto et al., 1997). Under the
same environmental conditions, the rate of mineralization of plant residues is determined by their
physical and chemical properties. The content of N, lignin, and polyphenols are the main factors
that determine whether or not plant residues are easily decomposed and release nutrients
(Handayanto et al., 1997;Palm & Sanchez, 1991). The quality of plant residues can be manipulated
in various ways, one of which is by mixing high-quality organic matter (Pistia stratiotes sp) and
low-quality (rice straw) so that plant residues of varying quality will be obtained.

This study used the remaining planting media of the second planting period of rice plants
that were previously treated with a mixture of rice straw and pistia compost in various mixed
compositions. Considering that rice straw is rich in various organic matter contents but is classified

as low quality, it is possible that rice straw residues in previous studies still exist or there are still
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many reserves of nutrients that have not been mineralized. This study aims to determine the
potential residues of the growing media for rice crop residues in the second planting period which
were fed with a mixture of pistia compost and straw of various compositions the indicator plant
used was Brassica rapa L. which belongs to the potential vegetable group and has a fairly high

nutritional value.

2. RESEARCH METHOD

This study was conducted from March — May 2022, at the Green House at 7,5° South
Latitude and 137,35° North Latitude +500 masl, with day temperature 24-28° C and night
temperature 16-21° C. During the day, relative humidity is approximately 79% and 95% at night,
while the average rainfall is 167.6 mm/day. Furthermore, the analysis of P uptake was carried out
at the Soil Chemistry Laboratory, Department of Soil, Faculty of Agriculture, Universitas
Brawijaya. Analysis of chlorophyll, vitamin C and yield variable were carried out in the laboratory
of the Faculty of Agriculture, Islamic University of Malang. The research was carried out in 2
stages as follows:
Stage 1. Preparation of Planting Media

The planting medium used in this study was the remaining rice planting media for 2

times the planting period which was previously given a mixture of pistia compost and rice straw of
various compositions. After the first rice planting period, it is used as a rice planting medium for
the second period but is divided into two parts, namely the first part of the media plus new compost
(+) as in the first period and the second part without the addition of more compost (-), as shown in

Figure 1 below.

First Period Rice Second Period Brassica rapa L
Plant Treatment* Rice Plant pakcoy growing
Treatment ** media
control control control
M1<: M+ —» M+
Ml_ —> Ml_
Mzi: Mo+ —» My+
My —> M,-
M3 M3+ —_— M3+
: Ms- M-
3" — 3
M4_> M4+ _’ M4+
\ My — M;-
Ms? Ms+ —» Mg+
Mg —> Ms-
Meiz Met —— Me+
Mg- —» M-
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Noted: control = no compost; M;: 100% pistia, M,: 75% pistia + 25% rice straw, Ms: 50% pistia + 50% rice straw, M:
25% pistia + 75% rice straw, Ms: 100% rice straw and Mg : NPK; (+) = addition of compost; (-)= without compost. *First
period polybag size 10 kg; **Second period polybag size 5 kg

Figure 1. Media Used In Research

Furthermore, in this study, without the addition of pure compost, the remainder of the
second planting period (Figure 1). The design used is the same as the design in the second rice
planting period, namely a factorial randomized block design where the first factor is a mixture of
compost (M) and 2 comparison treatments so that there are 7 levels; control = no compost; M:
100% pistia, M,: 75% pistia + 25% rice straw, Ms: 50% pistia + 50% rice straw, M,: 25% pistia +
75% rice straw, Ms: 100% rice straw and Mg: NPK; (+) and the second factor is the presence or
absence of addition of compost, namely 2 levels; 1. (+) = new compost was added and 2. (-) = no
new compost was added. Tools and materials used in this stage; 5 kg polybag, hoe, trowel, digital
scale, rake, water, label paper, stationery and leftover media.
Stage 2. Planting Brassica rapa L pakcoy

This stage aims to determine the growth response, yield of Brassica rapa L pakcoy, and
uptake of P. Tools and materials used; planting media in polybags containing residual media in
stage 1, buckets, digital scales, rakes, water, meters, writing instruments, and seeds of Brassica
rapa L pakcoy. Nurseries were carried out 2 weeks before transplanting into polybags. The
experimental design used a factorial randomized block design with 3 replications and each
replication consisted of 4 plant samples so that there were 84 experimental units. The placement of
treatments was arranged neatly after randomization between groups was carried out. During
growth, maintenance is carried out including; watering, weeding, and eradicating HPT with
preventive and curative measures if an attack occurs. Growth observation variables include; plant
height, number, and area of leaves were measured once every 7 days (DAT) while the yield
variables at harvest around the age of 35-40 days after planting were measured including; the total
fresh weight of plants, fresh weight of consumption, fresh weight of roots, total dry weight of
plants, dry weight of consumption, dry weight of roots and total phosphorus uptake, shoot
phosphorus uptake and root phosphorus uptake. Plant height (measured from the base of the plant
stem to the highest growth point of the plant per polybag in ¢cm), the number of leaves was
measured for each leaf that had fully opened in strands. The leaf area of the plant was measured
using a ruler by measuring the length and width of the leaves. Leaf area is divided into three
categories of leaf area, namely, large, medium, and small. Leaf area calculation can be done by leaf

area meter in cm?.
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The total fresh weight of the plant was measured by weighing the whole plant after the
plant was harvested and cleaned of soil adhering to the roots. Fresh weight consumption was
measured by weighing the upper plant parts after being separated from the roots. Root fresh weight
was measured by weighing the roots after being separated from the upper plant. The total dry
weight of the plants was measured by weighing them as a whole after the plants were harvested
and cleaned of soil attached to the roots and then in the oven for 2x24 hours at 70°C. The dry
weight of consumption was measured by weighing the upper plant parts after being separated from
the roots and then in the oven for 2x24 hours at 70°C. Root fresh weight was measured by
weighing the roots after being separated from the upper plants and then in the oven for 2x24 hours
at 70°C. Uptake P of the crown = % P of the crown x BK of the crown, the P uptake of the root =
% P of the root x BK of the root, and the total N uptake = the uptake of the crown + the uptake of
the root. Phosphor (P) uptake analysis of plants was carried out using the Bray | method.

The experimental data were analyzed using analysis of variance (F test) with a level of 5%

to determine the effect of treatment and continued with the 5% BNJ test if there was a real treat.

3. RESULTS AND DISCUSSION
Plant growth

The treatment with repeated addition of compost in the second planting period (+)
significantly increased plant growth including plant height, the number of leaves, and leaf area
(Figure 2) compared to no additional compost (-) unless the control generally showed the lowest
growth. Treatment of 100% pistia compost (M;) had the highest growth trend and decreased with
decreasing percentage of pistia in the compost mixture in the order M;>M,>M;>M,;>Ms except for
control and Mg (NPK).

Plant growth is an indicator of plant response to fertilizer application, in this study the
application of compost mixed fertilizer from the previous period still showed a very good response
for the third-period plant, namely Brassica rapa L pakcoy. Giving compost to the soil will change
the microbial activity that plays a role in the organic decomposition process of the soil and the
release of nutrients so that it can be utilized by plants to support their growth (Hamilton & Frank,
2001;cKuzyakov, 2002). Pistia is an aquatic weed that contains relatively high nitrogen (N)
nutrients 2.14%, lignin content 6.86%, cellulose 14.92% and polyphenols 0.82% low so that kiapu
can be classified as high-quality organic matter on the other hand rice straw included in the low-
quality group considering the relatively low nutrient (N) content of 1.73%, lignin content 32.65%,

cellulose 35.87% and polyphenols 2.65% high (Lestari et al., 2022). The quality of the compost
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largely determines the level of decomposition and mineralization of the compost (Myrold et al.,
2011;Van Kessel & Reeves, 2002;Stadler et al., 2006). The content of nitrogen, lignin, and
cellulose is a factor controlling the rate of mineralization of nutrients either N or P (Wijanarko et
al., 2012;Handayanto et al., 1997;Talbot & Treseder, 2012). Mineralization is a nutrient release
process carried out by microorganisms under conditions controlled by the environment, the quality
of organic matter, pH and humidity, and other conditions that control the development of microbes
(Melillo et al., 2008;Spohn & Kuzyakov, 2013).

The increase in plant growth of Brassica rapa L pakcoy due to the addition of repeated
compost was 8.59% -17.39% (plant height), 1.85% -7.41% (number of leaves), and 4.86% -
17.95% ( leaf area). The addition of repeated compost in the second planting period of rice
indicates that the newly added compost has a positive effect (stimulation) compared to the addition
of one time, this indicates that the soil organic matter pool is affected by the priming effect. The
addition of a second substrate (repetition) in the soil turned out to produce a higher priming effect
than the first addition, as (Hamer & Marschner, 2005) added, adding a second anelin substrate
caused a higher positive priming effect than the first on Cambisol Oa and Podzol EA soils. organic
carbon was twice as high after the addition of the second alanine, namely 115% and 129%, except
for Cambisol B soils where the organic matter content of Cambisol Oa and Podzol EA soils was
higher than Cambisol B.

Phosphorus Uptake Of Brassica Rapa L Pakcoy

The treatment of adding compost in the second rice planting period gave a real response to
the P uptake of Brassica rapa L pakcoy plants grown on the remaining media of the second
planting period. The total P uptake without the addition of compost (-) showed 36.72% higher than
the treatment with the addition of compost (+) but the treatment with various mixtures of compost
did not show a significant response to the P uptake of roots, shoots and total P of mustard plants
(Figure 3).
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Figure 2. Growth of Brassica rapa L pakcoy on Residual Media Second Period Rice Plants

The M; treatment (50% pistia + 50% rice straw) showed the highest total P uptake
compared to the compost and Mg (NPK) treatment, which was 27291.02 mg.kg™. The input of
compost into the soil will increase microbial activity through organic decomposition and
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mineralization resulting in the release of nutrients which further increases the availability of
nutrients and P uptake (Yakov Kuzyakov, 2002).

The availability of P in the soil is strongly influenced by many factors (Shen et al.,
2011;Spohn & Kuzyakov, 2013). Hairiah et al., (2000) explained that high quality organic matter
will be quickly weathered as a result the released nutrients become available quickly so that high
nutrient synchronization is achieved, on the other hand if the organic matter is of low quality then
low synchronization will occur. Low quality organic matter has a long-term effect, it can be seen
that the media remaining from the second planting period can still be used as a medium for
Brassica rapa L pakcoy which shows P uptake (Figure 3) and significant growth compared to

controls (Figure 2).
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Figure 3. Uptake of Root P, Shoot P, and total P of Brassica rapa L pakcoy Using Plant Residual
Media For The Second Period.

The Content Of Chlorophyll And Vitamin C In The Leaves Of The Brassica Rapa L Pakcoy
Plant
The application of compost from the first and second planting periods showed a significant

residual effect on the chlorophyll and vitamin C content in the leaves of the Brassica rapa L pakcoy
plant planted in the third period. Treatment of 100% pistia compost with the addition of compost in
the second period (M;+) had the highest chlorophyll content (8.89 g/ml) and decreased with
decreasing percentage of pistia in the compost mixture in the order M;>M,>M;>M,;>M5 except for
the control. The addition of repeated compost in the second planting period showed a significant
residual effect on the chlorophyll content of Brassica rapa L pakcoy except for the Ms treatment

(100% rice straw), where the treatment without the addition of (Ms-) 17.49% chlorophyll content
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was higher, higher than the repeated compost treatment (Ms+). This proves that low-quality
organic matter (rice straw) has a long-term residual effect because the mineralization process runs
slowly so that the availability of nutrients in the third planting period will be higher (Figure 4).
Mineralization, decomposition, and nitrification are very important processes in soil that are
controlled by moisture, temperature, and quality of the organic matter (Silver & Miya, 2001;Nufiez
et al., 2001;Yadvinder-Singh et al., 2005). Important factors affecting P availability are P
concentration in soil solution, soil texture, organic matter content, soil pH, presence of other
important nutrients in quantity and proportion, and microbial activity (Chepkwony et al.,
2001;Recena et al., 2015).

12 4
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Figure 4. Chlorophyll Content In The Leaves Of The Brassica Rapa L.Pakcoy Plant Using The
Second Period Plant Residue Media

According to (Augustien & Suhardjono, 2017) in his research on Brassica rapa L plants,
he said that the chlorophyll content was influenced by nitrogen and phosphorus nutrients, which
was also added by Arifiansyah et al., (2020) in his research on the application of organic fertilizer
to the growth and chlorophyll content of wheatgrass plants obtained in sand media treatment has
the lowest chlorophyll content of 1.51 mg/g while the highest chlorophyll content is produced in
the treatment of rabbit manure compost media which is 2.25 mg/g. In line with this research, in this
study, the highest chlorophyll content was in 100% kiapu compost media with repeated additions
(M+) which was compost with high nitrogen and phosphorus content, thereby increasing the
formation of chlorophyll in the leaves and further increasing the rate of photosynthesis (Heil,
2005). Increasing the rate of photosynthesis in plants will increase photosynthesis. Glucose as one

of the photosynthates is used as a precursor for vitamin C biosynthesis (Carr & Frei, 2018).
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The results showed that repeated compost treatment (+) gave a positive response in
increasing the vitamin C content of Brassica rapa L pakcoy plants where treatments M1, M, Ms
and Mg gave the same and higher results than other treatments and treatments without the addition
of compost (-) (Figure 5). The existence of repeated compost treatment will increase the content of
organic matter in the soil thereby increasing the availability of nutrients in the soil. The availability
of nutrients makes it easier for plants to absorb so that it increases the process of photosynthesis
and increases photosynthesis, including vitamin C. The increase in vitamin C content in Brassica
rapa L pakcoy due to composting is related to the increase in plant growth of Brassica rapa L
pakcoy. This is related to the precursor required in the biosynthesis of vitamin C, which is the

product of primary metabolism, namely glucose.
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Figure 5. Vitamin C Content In The Leaves Of The Brassica Rapa L Pakcoy Plant Using The
Second Period Plant Residue Media
Brassica Rapa L Yield

The treatment of adding compost in the second planting period gave a real response to the
parameters observed for the results of Brassica rapa L pakcoy including total wet weight, total dry
weight, wet weight consumption, dry weight consumption, root wet weight, root dry weight, and
harvest index. The addition of repeated compost gave higher yields of 9.93% - 10.28% total
weight, 9.88% - 10.36% consumption weight, and 5.55% - 11.40% root weight than without the
addition of repeated compost. The composting treatment did not have a significant effect on the
harvest index parameter, but the value of the harvest index was relatively high compared to the
control above 90% (Table 2). This shows that the addition of repeated compost has a significant

effect on the rate of mineralization, increased P uptake, growth, and yield of Brassica rapa L
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pakcoy. The increase in P uptake was due to an increase in microbial activity due to the addition of
compost, resulting in a positive priming effect (stimulation).

Vandamme et al., (2013) found a priming effect of 7-10% of the substrate easy to
decompose corn residue on both the source of soil organic matter and the recalcitrant fraction
(difficult to decompose) residue. There is a substitution pool effect that occurs after the addition of
new compost is fully utilized by microbial biomass and stability in the soil. In line with the
research by (Handayanto & Sholihah, 2010) protein binding by polyphenols in Peltoporum can
explain the negative priming effect of Peltoporum and Caliandra, which are rich in polyphenols, do
not cause a priming effect, while high-quality Gliricidia causes a positive priming effect. In this
study pistia (M;) as the high quality was proven to give high results compared to other treatments
(Table 2). This is probably due to a positive priming effect that can increase the accumulation of N
in the soil more than that without the addition of new residues (Heil, 2005) and ultimately increase
mineralization and nutrient uptake.

Tabel 1. Brassica rapa L Pakcoy Yield

Brassica rapa L Pakcoy Yield (g)
Root Root Harvest
Treatments Total wet | Total dry | Wet weight | Dry weight wet dry index
weight weight | consumption | consumption | weight | weight (%)
Control 30,29 4,60 27,39 3,50 2,90 1,10 90,34
M, 42,96 7,52 b 39,24 5,59 3,73 1,93 91,26
M, 40,11 6,38 ab 36,61 4,68 3,50 1,70 91,28
M3 43,45 6,92 ab 39,69 4,95 3,77 1,97 91,21
M, 38,32 6,08 a 35,08 4,63 3,24 1,44 91,47
Ms 39,34 6,60 ab 35,74 4,80 3,60 1,80 90,81
Mg 43,60 7,56 b 39,82 5,57 3,78 1,98 91,25
BNJ 5% ns 1,25 ns ns ns ns ns
(+) 43,25b 7,18 Db 39,55b 529 b 3,70b 1,90 b 91,38
(-) 39,34 a 6,51 a 35,84 a 4,80 a 3,51la 1,71a 91,04
BNJ 5% 2,39 0,48 2,44 0,46 0,25 0,25 ns

Note: The numbers accompanied by the same notation in the same column show that the results are
not significantly different from the 5% BNJ test. ns = non-significant

Correlation Coefficient Relationship Between Growth, Phosphorous Nutrient Uptake,
Chlorophyll & Vitamin C Content And Yield Parameters

The relationship between growth, phosphorus nutrient uptake, chlorophyll & vitamin C
content, and yield parameters determines the basic value of the correlation coefficient (r).

Furthermore, the value of r is shown in Table 3. Table 3 shows the highest or strongest correlation
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that occurs in root P uptake with canopy P uptake, root P uptake with total P uptake, canopy P
uptake with total P uptake with r values successively 0,94; 0.97, and 0.99. The highest or strongest
correlation also occurred in the leaf area with wet weight and root dry weight with a reach of 0.81.
Wet and dry weights of roots with consumption weights and total plant weights with r values are
shown in Table 3.

From the results of correlation analysis (Table 3), P uptake of plants was strongly
correlated with root weight, consumption weight, and total plant weight in both wet and dry
conditions with r values ranging from 0.64 to 0.73. This shows that higher P uptake will increase
root weight, consumption weight, and total plant weight. This is in line with several researchers
who state that the addition of fertilizers to the soil will increase plant uptake and ultimately
increase yields (Recena et al., 2015;Spohn & Kuzyakov, 2013;Sun et al., 2020).

Table 2. The Correlation coefficient of growth, P Uptake, Chlorophyll, Vitamin C
and Yield Variable

Variabel | RU SuU TU PH NL LA RW RD wcC DC TW | TD VC CL HI
RU 1 094 | 097 | 050 | 0,49 | 057 | 0,73 | 0,73 | 0,68 | 0,69 | 069 | 0,72 | 0,61 | 0,36 | 052
SuU 1,00 | 099 | 042 | 049 | 042 | 064 | 064 | 066 | 069 | 0,66 | 069 | 059 | 045 | 0,54
TU 1,00 | 044 | 047 | 045 | 066 | 066 [ 066 | 0,69 | 067 | 0,70 | 0,60 | 0,42 | 0,54
PH 1,00 | 0,37 | 0,70 | 042 | 042 | 0,22 | 0,37 | 0,24 | 0,40 | 0,10 | 0,03 | 0,32
NL 100 | 0,73 | 0,72 | 0,72 | 041 | 0,72 | 0,57 | 0,74 | 0,41 | 0,24 | 0,10
LA 100 ( 081 | 0,81 | 056 | 055 | 0,57 [ 0,65 | 0,10 | 0,30 | 0,14
RW 1,00 | 099 | 087 | 0,86 | 0,88 | 093 | 0,53 | 0,10 | 0,32
RD 1,00 | 087 | 0,86 | 0,88 | 0,93 | 0,53 | 0,14 | 0,32
wC 1,00 | 0,89 | 099 | 092 | 054 | 0,39 | 0,73
DC 1,00 | 090 | 0,99 | 0,63 | 0,44 | 0,55
TW 1,00 | 0,93 | 0,54 | 0,37 | 0,71
TD 1,00 | 0,62 | 0,37 | 0,49
VvC 1,00 | 0,20 | 0,36
CL 1,00 | 0,66
HI 1

Noted=  =0,80-1,00 (very strong) ;  |P.60-0,79 (strong); 0-0,59 (moderate) ; =7 72-0,39 (weak);

=0,00-0,19 (very weak); RU=Root P Uptake; SU=Shoot P Uptake; TU=Total P Uptake; PH=Plant Height; NL=Number of
Leaves; LA=Leaf Area; RW=Root Wet Weight; RD= Root Dry Weight ; WC=Wet Weight Comsumption; DC=Dry Weight
Comsumption; TW= Total Wet Weight; TD= Total Dry Weight; VC=Vitamin C; CL=Chlorophyll;HI=Harvest Index

4. CONCLUSIONS

In general, it can be concluded that the planting residue media with repeated composting
has a positive effect on soil fertility, especially in the treatment of repeated addition of compost in
the second rice planting period, showing a very significant positive priming effect. The highest
positive priming effect was shown by high-quality compost media, hamely the treatment of 100%
pistia (M1+) seen in the growth parameters and yield of Brassica rapa L pakcoy. The increase in

growth due to the addition of repeated compost was 5.10% to 14.24% and an increase in yield was
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5.41% to 11.11% in various treatments of mixed compost media. The repeated addition of compost
gave a significant response to the P uptake of Brassica rapa L pakcoy plants but the total P uptake
without the addition of compost (-) showed 36.72% higher than the treatment with the addition of
compost (+).
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