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Abstract. A field experiment was conducted to assess the impact of cow manure and its vermicompost on
the improvement of rice grain yield and quality in Rasht, Iran in 2015 and 2016. The experimental factors
were devoted to cow manure (0, 10 and 20 t ha*) and vermicompost (0, 5 and 10 t ha™*). The results
revealed that the application of cow manure and vermicompost increased leaf chlorophyll and grain yield
components such as the number of fertile tillers and the number of grain, but, it decreased by 1000—grain
weight. The highest grain yield was obtained from the application of 30 t ha* cow manure + 10 tha*
vermicompost in the first year (3537 kg ha™) and in the second year (3958 kg ha™). In addition, the
application of cow manure and vermicompost increased the grain’s N, P and K content by 8—20%, 22—
23% and 20-33%, but decreased the starch content by 3-7%. Although the combined application of
various rates of cow manure and vermicompost improved plant growth and nutrient uptake, the influence
of vermicompost on the grain yield and quality of gain was much stronger. In poor areas of the world that
experience reduction in rice yield mainly due to lack of soil organic matter, and the farmers cannot buy
vermicompost to improve soil fertility, we recommend the combined application of manure and
vermicompost, which leads to increased grain qualitative traits and milling percentage, resulting in higher
nutritional value of grains and higher grain yield.
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Introduction

Rice is a global grain that is grown in about 89 nations and it is a stable food for
more than half of the global population (Bodh and Rai, 2015). For many years, rice has
been supporting more people than any other cereal. Rice is one of the three most
important food crops in Iran (Toorminaee et al., 2017). Fertilizers are the major source
of nutrients for rice under intensive cultivation. The use of chemical fertilizers in rice
cultivation potentially reduces soil fertility (Biswas et al., 2017). The use of P and K
fertilizers in rice cultivation may in the long run lead to nutrient imbalance in the soil,
resulting in lower rice productivity (Dong et al., 2012). To improve physical, chemical
and biological properties of soil, organic fertilizer can be applied (Mengi et al., 2016).
Several studies have shown that the regular application of organic fertilizer, especially
manure, could increase the soil org—P fraction (Pant et al., 2009), the availability of C
and soil microbial activity and soil organic matter (Dixit and Gupta, 2000), N use
efficiency and rice yield (Zhou et al., 2016). Manures of the animals contain valuable
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nutrients and organic compounds that can restore degraded soils and ensure sustainable
long—term agricultural activity (Lalandera et al., 2015). Properly treating the organic
waste fraction reduces the environmental impact by avoiding greenhouse gas emissions
from landfills (Joshi et al., 2015) and decreasing/avoiding the need for chemical
fertilizer (Xu et al., 2008). Among the various types of animal waste, the amount of cow
manure is 4-9 times than that of pig manure (Guo et al., 2013). Hence, investigating
effective measures for disposing of animal waste, especially cow manure, has become
an important topic. To this end, earthworms have been widely used to recycle animal
manures to vermicompost, thereby rendering the manure harmless. Compared with raw
manure materials and its traditional compost, vermicompost possesses a greater capacity
for cation exchange and a larger surface area, etc (Lalandera et al., 2015; Meier et al.,
2017). Among the various types of animal waste, the amount of cow manure is 4-9
times than that of pig manure (Guo et al.,, 2013). Hence, investigating effective
measures for disposing of animal waste, especially cow manure, has become an
important topic. To this end, earthworms have been widely used to recycle animal
manures to vermicompost, thereby rendering the manure harmless. Compared with raw
manure materials and its traditional compost, vermicompost possesses a greater capacity
for cation exchange and a larger surface area, etc. (Meier et al., 2017). Bejbaruah et al.
(2013) and Mengi et al. (2016) explored rice response to various rates of compost and
animal manure and reported that the application of manure and compost significantly
enhanced plant height, tiller number per plant, spike length, and grain and straw yield of
rice as compared to control. They related these enhancements to the improvement of
soil physical and chemical features and higher availability of nutrients due to the
application of organic fertilizers.

In Iran, 20 million tons of manure is produced by animals per annum. The rate of
vermicompost production is negligible compared to cow manure. Efforts have been
taken in recent years to produce more vermicompost, but its application in farms,
especially in rice farms, has not been increased remarkably (Rezaei, 2013). There are
some quantitative reports on the application of the mixture of cow manure and
vermicompost on grains under field conditions. The present experiment is based on the
premise that the application of cow vermicompost will not only improve the grain yield,
but also the grain quality of rice from the crop nutritional and marketable viewpoints, as
compared to cow manure. Therefore, leaf chlorophyll and grain yield, protein, and NPK
uptake were measured to assess this hypothesis.

Materials and methods
Experimental site and plant growth conditions

The field experiment was conducted on clay—loam soil at the Agricultural Research
Farm of Islamic Azad University, Rasht, Guilan province, Iran in 2015 and 2016. The
area is located at 37°22 N latitude and 49°63 E longitude and 15 m above the sea level.
To simplify the comparison of the growing season weather, we considered the monthly
total precipitation and temperature from May through August at the Rasht Agricultural
Research Farm (Figure 1).
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Figure 1. Monthly precipitation and temperature from May to August for the growing season
(2015-2016) at the Rasht Agricultural Research Farm, Iran.

In order to determine soil characteristics, soil sampling was performed before the
experiment. To do this, field soil sampling was done from the depth of 0-30 and 30-60
cm in eight spots. Then the collected samples sent to the laboratory in order to
determine soil texture and the chemical composition. Properties of experimental soil
samples are given in Table 1.

Table 1. Soil Physical and chemical characteristics of the soil during the two—year study.

Years depth Sand  Silt Clay EC bH Organic Carbon N P K Zn Fe Mn
(cm) (%) (dsm) (%) (%) (mg kg™)

2015 0-30 299 294 407 1.22 7.6 0.99 0.62 132 219 132 532 893
30-60 284 291 425 131 7.9 0.73 0.17 125 167 0.76 6.87 8.30

2016 0-30 303 349 348 0.89 7.7 0.58 058 142 238 069 6.5 8.69
3060 28.1 316 403 1.13 7.7 0.70 0.12 126 204 079 71 7.852
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Preparation and applied of Vermicompost

Cow manure, consisting of a mixture of faeces, urine and straw was obtained from
the agricultural cow complex Sepidar, in Rasht, Iran. Vermicomposting was carried out
in a 3 m* vermireactor containing a stable and very active population of the earthworm
Eisenia andrei. The reactor was fed with different animal manures and mixed
agricultural wastes, and supported a population density of 250 g of earthworms kg in
the top layers. The upper surface of the vermireactor was divided into four independent
compartments and 45 kg of cow manure were placed in three successive layers (15 kg
each) added to each compartment as the waste was processed by the earthworms. The
moisture content of the cow manure in the vermireactor was maintained at 75-80% and
the sample was collected from the last layer (40 days of earthworm processing) of the
reactor once the manure was processed by the earthworms (Lazcano et al., 2008).

Vermicomposting process significantly changed the physical and chemical properties
of cow manure. The vermicompost was much darker in color, had good esthetics and
processed into a homogeneous compound after earthworm activity. The total content of
waste mixture was reduced 1.8-2.7 times after vermicomposting. The vermicomposting
process significantly helps in abatement of organic matter pollution load in the
environment and soil. The physicochemical traits and nutrient status of cow manure and
its vermicompost are given in Table 2.

Cow manure and its vermicompost were applied at 20 days before transplanting. In
control plot, the nutritional requirements were supplied by chemical fertilizers in
accordance with the results of soil analysis.

Table 2. Physicochemical properties and elemental composition of the cow manure and its
vermicompost as well as their detection method.

Parameter* Method Cow manure Vermicompost
pH pH meter 8.10+0.13 7.43 +0.06
EC Conductometer 1.08 £ 0.01 1.26 £0.03
Ash content (g kg %) Burning 197 +10.3 441 +£21.7
Total OC (g kg™) Walkley black 412 +16.9 316+ 6.5
Total OM (%) Nitration 78.6+2.3 49+£43
Total N (g kg ™) Kjeldahl 16.8 +0.51 283+ 1.54
Total P (g kg™) Olsen 6.4+0.91 13.4+0.84
Total K (g kg ™) Film photometry 9.4+ 1.02 13.7+1.11
C:N — 2446 +£2.3 11.3+0.47
Cu (mg kg™ Atomic 135.2+7.92 164.8 +13.8
Fe (mg kg ™) Atomic 2154+ 5.8 496.6 + 5.7
Mn (mg kg ™) Atomic 109.7+11.4 2487+ 4.6
Zn (mg kg™ Atomic 184 +9.83 369 +12.06

*Dry matter basis

Sowing condition

Rice seeds (‘Hashemi‘cultivar) were disinfected with 70% thiophanate—methyl WP
(Sabz Agrochemical Company (PAC); Tehran, Iran) fungicide at 200 g 100 kg ' seed
and were then sown in the nursery. The seedlings were manually transplanted in the
experimental field at the 2—3 leaf stage at a spacing of 25 x 25 cm?. Weeds were
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controlled by hand weeding during the growth season. The permanent flood water level
was maintained at 10 cm during the rice growing period.

Plant sampling

At the soft dough stage, eight randomly chosen plants were removed from each plot
and in the flag leaves, chlorophyll were determined by Arnon (1949) method. At
maturity stage, rice grain yield (based on 14 % humidity) was determined from 2.5 m?
per plot. Moisture content of grains was measured using a digital grain moisture meter
(Model GMK- 303R5-Korea) and grain yield per plot was calculated as ((100 —
moisture content of the sample) x fresh grain weight)/86 to convert the sample to 14 %
moisture content. Yield components, that is, number of tiller, number of filled grains
and 1000—grain weight, were determined from 12 plants (excluding the border ones)
sampled randomly from each plot. To determine aboveground biomass, a 1 m? sample
from each plot was randomly chosen and placed in a separate paper bag, dried at 72 °C
for 48 h, weighed, and expressed as the biological yield (dry weight of above—ground
plant) per hectare. Harvest index was the proportion (percentage) of filled grain weight
to biological yield.

For measuring grain N concentration, rice grains were grounded to pass through a 1-
mm sieve. N, P and K concentration was determined using micro—Kjeldahl,
vanadomolybdate and flame photometry, respectively (Emami, 1996) and were
expressed as the percent of grain dry weight. N, P and K uptake in grain was calculated
by multiplying grain dry weight by grain N concentration. Grain protein concentration
was calculated as 6.25 x nitrogen content measured by the micro Kjeldahl technique.
Similarly grain starch percentage (Amylase) activity is done by using anthrone reagent
as suggested by Reyes et al. (1965).

Paddy samples for milling quality evaluation were harvested from the 2.5 m? per
plot, threshed by a simple motorized thresher and dried up to 8 %, wet basis (w.b.)
using the laboratory dryer (Memmart Model 600, Germany) set at 45 °C. Paddy
moisture content was determined using the digital grain moisture meter (Model
GMK-303R5-Korea). After drying process, 200 g of dried paddy from each treatment
were dehulled by a laboratory rubber roll huller (SATAKE Co. Ltd, Japan) and then
was milled using a laboratory rice whitener (McGill Miller, USA). The milling
percentage was calculated by using the following formula and presented in percentage
(Zhao and Fitzgerald, 2013):

Total weight of milledrice(g)

- - - %100 (Eq.1)
Total weight of rough ricewith usk

Milling (%) =

It should be noted that vermicompost and cow manure in the second year were used as
the first year and all the works done in the first year in the second year were repeated.

Experimental design and statistical analysis

The experiments were carried out in a factorial trial based on randomized complete
block design (RCBD) with 3 replications. Experimental factors included
vermicompost (V0 =0, V1 =5 and V2 = 10 t ha ') and cow manure (MO0 = 0, M1 = 10,
and M2 =20tha™).
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Basically, various levels of manure and vermicompost as independent variable and
measured characters such as seed yield, biologic yield, tiller number, seed number, leaf
chlorophyll and the content of nitrogen, potassium and phosphorus as dependent
variable were contemplated. In the meantime, plants harvested from 1 m? of each plot
included experimental samples to measure the mentioned above characters.

All data were subjected to analysis of variance (ANOVA) using SAS 9.3 software.
When F test indicated statistical significance at P<0.01 or P<0.05, the least significant
difference (LSD) was used to separate the means.

Results
Leaf chlorophyll

According to the results of ANOVA, the interaction effect of vermicompost X cow
manure x year had significant impact on the chlorophyll a + b at the 5% probability
level. Means comparison revealed that at vermicompost rates of 0 and 5 t ha*, the
chlorophyll was increased with cow manure, but at vermicompost rate of 10 t ha™*, 20
t ha* cow manure in the first year was the only treatment that increased the chlorophyll
a + b as compared to no cow manure application. It did not result in significant
differences in the second year (Table 3).

Tiller number, 1000—grain weight, grain number

The interaction effect of vermicompost x cow manure had significant impact on the
number of tillers per hill, the 1000—grain weight, and the number of grains per panicle
in both years. The application of cow manure and vermicompost, both as a mixture or
individually, increased the number of tillers per hill and the number of grains per
panicle as compared to the control, but vermicompost had a stronger influence on
increasing these two traits so that the application of vermicompost in addition to cow
manure further enhanced the number of tillers and the number of grains per panicle than
the control. The highest number of tillers and the highest number of grains per panicle
were observed in M,V,, so that the tiller number was 22.36% higher in the first year and
27.32% higher in the second year than the control, and the number of grains per panicle
in the first and second years was 81.22 and 61.52% higher than the control, respectively.
However, the application of cow manure and vermicompost reduced the 1000—grain
weight as compared to the control (Table 3).

Harvest index, grain yield and biological yield

The interaction effect of vermicompost x cow manure x year had significant impact
on the harvest index, the grain yield, and the biological yield. According to means
comparison, 10 and 20 tha™* cow manure improved the biological yield by 5.3 and
8.1% in the first year and by 4.3 and 18.1% in the second year as compared to the
control, respectively. Also, the application of 5 and 10 t ha™* vermicompost increased it
by 9.0 and 17.9% in the first year and 12.3 and 24.8% in the second year, respectively.
Likewise, the grain yield showed an 11.26 and 52.66% increase in the first year and a
36.1 and 61.2% increase in the second year when 10 and 20 t ha™* cow manure was
incorporated, respectively. The application of vermicompost at the rates of 5 and 10
t ha* increased grain yield by 41.4 and 69.6% in the first year and by 49.2 and 93.0% in
the second year, respectively. The highest grain yield (3537 kg ha™* in the first year and
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3958 kg ha in the second year) was obtained from M,V,. The highest harvest index
was observed in M1V, in the first year and in M;V; in the second year (Table 4).

Table 3. Mean comparison of cow manure and its vermicompost interaction effect on tiller
number, 1000 — grain weight, number of filled grain, grain yield, biological yield and
harvest index in 2015 and 2016.

MxV 2015
chlorophyll  Tiller number 1000 —grain  Number of  Seed yield Blolog|cal Harvest Index
a+h in hill Weight (g)  filled grain (kg ha %) %’l'(‘;'?]a,l) (%)
VOMO 2.35e 56.66 Cc 26.26 a 64.64 e 1754 d 5283 e 35.0c
VOoM1 3.67d 59.73 bc 2356 e 74.96 de 1958 d 5566 e 35.1¢c
VOom2 4.46 c 61.63 bc 2543 ¢ 84.56 cde 2616 bc 5716 de 457 a
V1iMO 4.79 be 60.33 bc 24.43d 94.72 cd 2400 cd 5862 de 416b
ViM1l 3.36d 63.33 abc 23.23¢e 110.6 ab 2825 abc 5737 de 484 a
Vim2 4.55 be 63.65 abc 25.63 bc 91.3cd 2895abc 6858 bc 42.2b
V2MO 439¢c 62.33 abc 25.73 abc 93.3cd 2666 bc 6229 cd 428b
V2Mm1 5.23b 64.33 ab 26.16 ab 98.0b 3312 ab 7075 ab 46.8 a
V2M2 6.57 a 69.33 a 23.63 e 1229a 3537 a 7670 a 46.1a
LSD (0.05) 0.72 7.19 0.589 20.8 851 637 2.88
2016
VOMO 5.61cd 64.66 e 25.06 a 87.12e 2208 e 7275¢ 30.8d
VOM1 7.12 be 70.33 cde 2546 a 97.6cd 2879d 7166 c 385a
VOM2 8.43 ab 72.33 cd 25,50 a 1114bcd 3012 cd 8470 b 35.5hc
ViMO0 4.59d 67.33 de 23.36 bc 107.8 bcd 2937 cd 8250 bc 36.4b
ViM1l 5.65 cd 74.66 bc 23.40 be 109.7 bcd 3150 bed 8641 b 36.4b
Vim2 6.70 c 75.66 bc 2253¢ 105.8bcd  3516abc 9016 b 39.0a
V2MO0 8.52a 73.00 cd 25.63 a 112.9 bc 3429 abcd 8945 b 38.3a
V2M1 8.87a 80.66 ab 23.43D 128.6 ab 3708 ab 10895 a 340c
V2M2 9.66 a 82.33a 23.53Db 140.7 a 3958 a 10979 a 36.0b
LSD (0.05) 1.52 6.543 0.872 24.5 585 1121 1.33
F value
YxMxV 2.76* 5.61** 24.12** 7.70** 6.48** 8.92** 6.12**
CV (%) 11.8 5.85 1.75 12.84 14.4 6.99 16.21

Different letters in the same column indicate significant differences by LSD test (p < 0.05). (V,, V7 and
V,: 0, 5 and 10 t ha * vermicompost, respectively; Mo, M; and M,: 0, 15 and 30 t ha™ cow manure,
respectively).

*, ** Significant at p < 0.05 and p < 0.01, respectively. Y: Year, V: Vermicompost, M: Cow manure
and CV: Coefficient of Variation.

NPK concentration and uptake by grains

The concentration and uptake of the elements were changed significantly under the
interaction effect of vermicompost x cow manure x year. When 10 t ha* vermicompost
and 20 t ha™* cow manure were applied individually, N, P and K concentrations of the rice
grains showed improvements in both years, but the maximum concentrations were
obtained when 20 t ha™* cow manure + 10 t ha™ vermicompost were applied so that this
treatment increased N concentrations from 1.34% to 2.02% in the first year and from
1.35% to 2.35% in the second year, K concentration from 0.28% to 0.78% in the first year
and from 0.266% to 0.750% in the second year, and P concentration from 0.190% to
0.375% in the first year and from 0.186% to 0.355% in the second year. The uptake rate
of N, P, and K by grains was also increased with cow manure and vermicompost rates
(although some treatments did not exhibit significant differences with the control) so that
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plants fertilized with 10 t ha* vermicompost + 20 t ha™ cow manure resulted in higher
uptake rate of the nutrients as compared to other organic fertilizer treatments (Table 4).

Table 4. Mean comparison of cow manure and its vermicompost interaction effect on N, P
and K concentration and their uptake by rice grain.

2015
K P N
MxV . . . K uptake P uptake N uptake
concentration concentration concentration (ki ha’l) (ki ha’l) (k ha’l)
(%) (%) (%) ’ J J
VOMO 0.280c 0.190e 1.680 ab 24.58 a 14.01a 55.65 ab
VOoM1 0.420 bc 0.300 bc 1.340b 7.72¢C 8.27 bc 2356 ¢
VOM2 0.500 bc 0.300 bc 1.676 ab 19.47 ab 12.66 a 52.08 bc
ViMO 0.490 bc 0.232 de 1.676 ab 28.21a 1356 a 43.76 d
ViM1l 0.400 bc 0.232 de 2.023 a 10.61 bc 6.17 c 34.99 ef
V1iM2 0.500 bc 0.325ab 1.700 ab 18.33 abc 11.00 ab 4533 cd
V2MO0 0.570 ab 0.262 cd 1.340b 19.38 ab 8.92 bc 32.16 f
V2M1 0.570 ab 0.325ab 1.343 b 18.74 ab 8.89 bc 41.86 de
V2M2 0.780 a 0.375a 1.700 ab 19.65 ab 8.31 bc 60.13 a
LSD (0.05) 0.230 0.057 0.577 10.67 3.39 7.37
2016
VOMO 0.350d 0.186d 2.350 a 9.62d 5.77d 51.89 bc
VOoM1 0.600 b 0.250 ¢ 1.680d 23.27 bc 1260 b 48.37 cd
VOM2 0.600 b 0.187d 1.690c 26.57 b 8.30 cd 57.95b
V1iMO0 0.266 e 0.262 c 1.400 e 7.08d 11.22b 41.12d
ViM1l 0.470c 0.300 abc 1.350 f 18.85¢c 12.03b 40.66 d
V1iM2 0.750 a 0.285 bc 1.350 f 24.01 bc 1760 a 53.43 bc
V2MO0 0.580 bc 0.262 ¢ 1.350 f 26.19b 11.85b 47.47 cd
Va2M1 0.580 bc 0.325ab 2.010b 27.30b 12.35b 7453 a
V2M2 0.575 bc 0.355a 1.690c 37.18a 10.30 be 53.23 bc
LSD (0.05) 0.0854 0.0577 0.0026 5.9952 2.5893 7.9604
F value
YXxMxV 6.18** 4.90** 3.29* 8.19** 7.05%* 11.38**
CV (%) 20.7 12.14 14.45 24.54 16.19 9.29

Different letters in the same column indicate significant differences by LSD test (p < 0.05). (V,, V7 and
V,: 0, 5 and 10 t ha * vermicompost, respectively; Mo, M; and M,: 0, 15 and 30 t ha™ cow manure,
respectively).

*** Significant at p < 0.05 and p < 0.01, respectively. Y: Year, V: Vermicompost, M: Cow manure and
CV: Coefficient of Variation.

Starch and protein content

The results of the analysis of variance showed that the interaction effect of
vermicompost x cow manure X year on starch and protein content was significant
(Table 5). According to the results, the increase in cow manure and vermicompost rate
reduced the grain starch content. The lowest starch contents were obtained from M,V,
and M;V,. The application of vermicompost also resulted in a significant loss of grain
starch so that M,V reduced it by 3.3% in the first year and by 7.4% in the second year
versus MgVo. Grain protein content was also influenced by cow manure and
vermicompost so that they improved grain protein content. When cow manure was
applied individually, it did not change protein content significantly, but its incorporation
with vermicompost — especially with 10 tha™ vermicompost — was associated with
higher protein content of the grains. This effect of vermicompost was stronger in the
second year (Table 5).
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Table 5. Mean comparison of cow manure and its vermicompost interaction effect on on
starch content, protein content, milling percentage of rice grain.

M xV 2015. —
Starch content (%) Protein content (%) Milling percent (%)

VVOMO 26.97c¢ 6.834 b 69.6d
VOM1 27.06 bc 6.851b 713 cd
VOM2 27.67 abc 6.851b 75.7 abc
V1MO 27.12 abc 6.834 b 71.7 bed
V1iM1 27.74 ab 6.852 b 76.2 abc
V1iM2 27.70 ab 6.859 b 77.3ab
V2MO 27.56 abc 8.201 a 77.4 ab
V2M1 27.8la 8.985a 77.4 ab
V2M2 27.83a 8.670 a 78.1a

LSD (0.05) 0.717 0.969 5.78

2016

VVOMO 26.29¢ 6.88b 65.40 e
VOM1 26.79 cde 7.21b 69.99 cd
VOM2 26.62 de 7.33b 70.45 bed
V1MO 27.06 cd 7.14b 67.22 de
ViM1 27.30 bc 8.25a 72.14 abc
ViM2 27.77 ab 8.61a 71.60 abc
V2MO0 27.20c 8.65a 74.58 ab
V2M1 28.16 a 8.56 a 75.81a
V2M2 28.26 a 8.6la 7592 a

LSD (0.05) 0.533 0.671 4.38

F value

YXxMxV 5.84** 3.04* 3.24*

CV (%) 1.33 6.05 4.69

Different letters in the same column indicate significant differences by LSD test (p < 0.05). (V,, V7 and
V,: 0, 5 and 10 t ha * vermicompost, respectively; Mo, M; and M,: 0, 15 and 30 t ha™* cow manure,
respectively).

*, ** Significant at p < 0.05 and p < 0.01, respectively. Y: Year, V: Vermicompost, M: Cow manure
and CV: Coefficient of Variation.

Milling percent

Milling percent was influenced by cow manure x vermicompost x year (Table 5) so
that the application of cow manure and vermicompost increased milling percent in both
years. In both years, maximum milling percent was obtained from M;,V, and it was
12.21% higher than the control in the first year and 16.8% higher in the second year
(Table 5).

Discussion

The reason for difference of mean of treatments between two years was because
there was rain in the first year at the time of plant pollination, also at the time duration
of seed filling, temperature in the first year was more than that of the second year.
Meanwhile, there was cooler temperature in the second year than the first year at the
time of plant tiller formation. Thus, there was a difference between the plant reaction to
treatments during the first and second years, so the mean of the most characters in first
year was less than second year.

Soil fertility plays a prominent role in the improvement of nutrient uptake by rice,
whilst soil organic matter is responsible for soil fertility (Zhou et al., 2016). In addition
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to increasing the organic matter, our aim was to improve soil physical and chemical
properties.

EC (Electrical conductivity) of vermicompost was higher than farm soil, which may
be due to the presence of more salts in the feed of cow. The micronutrients content was
significantly higher in vermicomposts than soil but was within permissible limits as
recommended by Iran limits of micronutrients in the compost (Sudkolai and
Nourbakhsh, 2017). The C:N ratios of the vermicompost was 11.3 that it was in range of
a stabilized product for all types of organic manures. It is reported that if C:N ratio is
>20 plants cannot assimilate mineral N (Edwards and Bohlen, 1996) and may affect the
growth and yield of rice in field condition.

We observed that applying vermicompost and cow manure can improve the
qualitative traits of grains in addition to enhancing NPK uptake and grain vyield.
Numerous researchers have reported improvement in the growth of the plants in
substrates that contain more organic matter. According to Gupta et al. (2014), one
consequence of applying organic fertilizer is the reduction of soil C:N. On the other
hand, higher soil organic matter increases the activity of soil microorganisms and
improves the availability of nutrients to plants (Srivastava et al., 2010).

In both years at various levels of vermicompost (except 10 t ha* in the second year),
higher cow manure rate was related to higher total chlorophyll content of leaves. The
impact of cow manure and vermicompost on increasing leaf chlorophyll content has
been reported for marigold (Gupta et al.,, 2014) and pak choi (Pant et al., 2009).
Vermicompost stimulates plant growth possibly through supplying nutrients and
increasing chlorophyll which, consequently, improves photosynthesis or through having
such plant growth hormones as auxin and cytokinin (levinsh, 2011). Higher chlorophyll
content enhances photosynthesis rate and carbohydrate production, which in turn
increases 1000—grain weight, spike number per m?, grain number per spike, leaf number
per plant, and spike length (Xu et al., 2008; Tejada and Gonzalez, 2009). Basha et al.
(2017) demonstrated that the application of organic matter increased the number of
fertile tillers and the number of grains per rice plant. They related higher number of
tillers and grains to the influence of vermicompost and green manure on the
improvement of PNK uptake. On the other hand, Kumar et al. (2016) related the effect
of organic matter on increasing tiller number in rice to the improvement of soil physical
features. We also observed the highest number of tillers and grains in plants treated with
5 tha* vermicompost + 20 t ha™* cow manure (M,V,). Cow manure had a negligible
impact on the number of tillers and grains per plant when it was applied in the absence
of vermicompost, but when it was mixed with vermicompost, the number of tillers was
increased by 16-27% as compared to control in both trial years.

The main grain yield components include the number of tillers, the number of
grains per panicle, and grain weight (Zhao and Fitzgerald, 2013). Therefore, any
parameter that can improve this component can increase grain yield. Although 1000
grain weight was lower in plants fertilized with cow manure and vermicompost, it was
offset by the increase in tiller number and grain number per plant. Lower 1000—grain
weight in plants treated with cow manure and vermicompost than control may be
connected with the inter—grain competition for the uptake of photosynthesis at grain
filling phase because when the number of tillers and the number of grains per plant are
increased, grains compete more during grain filling period resulting in the loss of their
weight (Rusdiansyah and Saleh, 2017). The same fact may be the reason for lower
grain starch in plants treated with organic fertilizer as compared to control. Hao et al.
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(2007) reported that grain starch showed a reverse relationship with grain protein and
higher N uptake resulted in the loss of starch reserve. We also observed that the
treatment with organic fertilizer increased grain protein content. The impact of
vermicompost and cow manure on the improvement of grain protein has been reported
by Bejbaruah et al. (2013) and Tejada and Gonzalez (2009), too. Thus, when plants
are not faced with N uptake constraint, more N is absorbed and mobilized to grains,
resulting in high grain protein content (Bejbaruah et al., 2013). The incorporation of
organic matter with soil, especially vermicompost, stimulates the activity of beneficial
soil microorganisms and ensures continuous and sustainable supply of mineral
nutrients, especially N, to plants. Then, the nutrient availability to roots, soil physical
features, and its vital processes are enhanced and the roots are provided with an
optimum substrate. Consequently, chlorophyll content is increased and the growth of
vegetative parts is induced (levinsh, 2011).

Vermicompost contains the nutrients like P, K, Ca, and Mg in a readily available and
absorbable form to plants (Gupta et al., 2014; Amanullah, 2016). We observed that P
and K content and uptake were higher in grains of plants treated with cow manure and
vermicompost, so that the highest P and K content and uptake were obtained from
M,V,. As well, some researchers have reported that organic matter enhances available P
and indirectly hinders the precipitation of phosphate, which is unavailable to plants, in
the pH range of 6-9 (Mkhabela and Warman, 2005).

Antil and Singh (2007) stated higher grain P and K content of rice under organic
fertilization. In addition, vermicompost contains a considerable amount of
micronutrients (Amanullah, 2016), humic acid (Maji et al., 2017) and growth
stimulators like auxins, gibberellins, and cytokinins and phosphate, enzyme, and
vitamin dissolving bacteria (Tejada and Gonzalez, 2009; Liu et al., 2017). These
compounds improve leaf area, tiller number and finally, biological yield (Joshi et al.,
2015). Our results revealed that M,V, which received the highest amount of cow
manure and vermicompost exhibited the maximum biological yield and grain yield.
These findings are consistent with Hasanuzzaman et al. (2010) and Bejbaruah et al.
(2013). It should be noted that the effect of vermicompost on the improvement of rice
grain yield and quality was stronger in the presence of cow manure, i.e. when only 10
tha* vermicompost was applied (V2My), grain yield was increased at 51% in the first
year and at 55% in the second year versus control and when vermicompost + 20 t ha™
cow manure (V,M) was applied, grain yield was increased at 32% in the first year and
at 15% in the second year versus V,;My,. The influence of cow manure on the
improvement of nutrient uptake and rice grain yield has been reported by
Hasanuzzaman et al. (2010) and Sudarsono et al. (2014).Organic fertilizers increased
nutrient uptake and grain protein, resulting in higher milling percentage and grain
hardiness so that the highest milling percentage in both years was associated with M, V5.

Rice grain milling percentage is one of the major qualitative traits of grain and its
loss results in considerable loss of cooking quality and crop price (Ravi et al., 2011;
Kumar et al., 2016). Dixit and Gupta (2000) and Yuan et al. (2014) reported milling
percentage gain as one effect of organic fertilizers on the quality improvement of rice
grains. Davari and Sharma (2010) reported that the integrated application of farmyard
manure + vermicompost + plant residue led to the improvement of yield, net profit, and
grain quality of basmati rice.
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Conclusion

The results showed that the mixture of vermicompost and cow manure improved the
physical and chemical properties as compared to only cow manure. Applying a mixture
of cow manure and vermicompost increased the leaf chlorophyll and NPK uptake by
rice. Although the organic fertilizers that were used in this study reduced grain starch
content, they resulted in grain yield gain and improved the qualitative traits of grains
like the milling percent and protein content. In spite of the fact that cow manure, when
applied with vermicompost, enhanced nutrient uptake and grain yield, vermicompost
was much more efficient than cow manure. In addition, plots that were fertilized with
cow manure had more weeds than those fertilized with vermicompost. Since the soil of
most paddy farms are suffering from organic matter deficiency, the application of
animal residue as vermicompost can improve their organic matter content and can
increase the grain quality and yield. On the other hand, the vermicomposting of animal
residue curbs environmental problems and cuts down the cost of weed management of
the farm. Although vermicompost is a farm input with high cost for farmers, its cost is
offset by grain yield gain and it maintains soil organic content at high levels for several
years. Though vermicompost has a high potential to sustain rice production, further
research is required to find out the long—term effects of the application of
vermicomposts derived from plant and animal residue.
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