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Abstract

Production of safe food through organic farming while maintaining soil sus-
tainability is the crucial challenge of recent time. As such a pot experiment
was conducted using animal manure (TAM), neem-cake (TNC), vermicom-
post (TVC), biochar (TBC) and urea (TU) with control (TC) to assess their
capacity to stimulate Spinacia oleracea growth under field condition and their
impact on soil fertility. Six treatments: TC, TAM, TNC, TVC, TBC, TU with
three replications were used in completely randomized design (CRD). All the
plant growth parameters were measured at regular interval up to maturity.
Complete chemical analysis of plant tissue, amendments and soil was carried
out. Nitrogen use efficiency (NUE) under different treatments was calculated
at 45 and 60 days. All the treatments showed statistically significant (P <
0.001) increase in yield over control and urea. The highest plant height (24
cm), leaf area index (0.154), and dry weight (1254 kg/ha) were found at TNC
which increased respectively 132%, 258%, 450% over control and 125%,
431%, 448% over urea. TVC was the second best treatment followed by TBC
for plant growth. NUE was significantly (P < 0.001) higher in treatment TVC
than any other treatments and was higher at maturity than vegetative state.
TNC had lower NUE than TVC and TBC but the inherent N content was
higher in TNC than TVC and TBC. Uptake of certain macro nutrients
showed significant (P < 0.05) positive correlation with plant growth parame-
ters Ze., plant height with P (R = 0.887); leaf area with N (R = 0.957) and P (R
= 0.985); dry weight with N (R = 0.996), P (R = 0.994) and K (R = 0.860). Sig-
nificant (P < 0.001) increase in post-harvest soil C and CEC content was
found with all the treatments. The highest availability of N, P and S was ob-
served under treatment TNC. For short duration crop like spinach, TNC is
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the best option followed by TVC as they release nutrient quickly than TBC
and TAM.
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1. Introduction

Soil is the foundation for food production, so ensuring sustainable management
of this resource is crucial to achieve “sustainable development goal” like “zero
hunger” and “no poverty” set by UN for countries like Bangladesh. The organic
matter status of Bangladesh soil is one of the poorest in the world, ranging be-
tween 0.05% - 0.9% in most cases with some exception in peat lands and low-
lands with more than 2% on average [1]. Hence, agricultural production in the
country largely depends on inorganic fertilizer use, mostly on nitrogen fertilizer.
In fact, consumption of nitrogen fertilizer grew substantially from 14.7 - 318.5
kilograms per hectare from 1969-2018 [2]. This trend threatens responsible
consumption of the resource and protection of the environment as it can be a
source of agricultural non-point pollution through unreasonable fertilization [3]
[4].

The key point of soil sustainability is to use the organic resources in an effi-
cient way while decreasing/nullifying the dependence on inorganic amendments
and chemicals which is also the main principle of “organic farming”. Increasing
demand for organic food is causing gradual increase in the number of agricul-
tural land and farm under organic production, which was 43.1 million ha in
2015 [5]. However, the extent of organic farming is too low till today in Bangla-
desh and horticulture crops are the major organic production. Annual produc-
tion of 151.3 million ton of cattle manure and 4.52 million ton of poultry ma-
nure can be a great resource for organic farming [6]. Use of vermicompost is
gaining popularity in Bangladesh due to its easy production, availability and
biodegradability. Neem cake, a plant based organic manure, is also getting atten-
tion due to its nitrogen richness. Biochar made from field crop residues can also
be a good solution to improve soil health and promote plant growth. Addition of
these organic manures can significantly contribute to carbon sequestration in
soil [7] [8] [9]. The nutrient content in organic manure may be varied due to its
composition, source material, moisture percentage, handling method, presence
of readily biodegradable compounds etc. Though use of organic manure is good
for both soil health and plant growth but improper use may also led to nutrient
deficiency or toxicity in soil, groundwater pollution through leaching last but
not least economic loss. One of the main challenges in the selecting and using
organic manure in the field is to reduce the loss of nitrogen as well as increase

nitrogen use efficiency (NUE) and uptake or recovery efficiency [10].
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Comparative assessment of nutrients for plant uptake and residual soil con-
tent from organic amendments like animal manure, vermicompost, neem cake,
biochar (made from field available residues) is needed to determine the best or-
ganic option available in terms of NUE, soil carbon and nutrient status. Consi-
dering all these, the objectives of this work were: 1) to evaluate effects of differ-
ent organic fertilizers on spinach growth and yield; 2) to assess the comparative
effects of organic amendments and inorganic fertilizer on the nutrient uptake
and nitrogen use efficiency (NUE) of spinach; 3) and to determine the physical

and chemical changes of the soils.

2. Materials and Methods
2.1. Selection of Soil Sampling Site

To conduct the following research soil sample was collected from a local vegeta-
ble field of Rangpur district, Bangladesh which was a medium highland
(25.4560°N and 89.3551°E). The soil belonged to non-calcareous grey floodplain
of the Gangachara series which was medium textured, poorly drained, and in-

termittently flooded.

2.2. Collection and Preparation of Organic Amendments

Animal manure (TAM) was prepared by mixing cow-dung and poultry manure
in 1:1 ratio. Cow-dung and poultry manure were collected from Pirganj upazilla
under Rangpur district, Bangladesh. Neemcake (TNC), a plant based amend-
ment was collected from local market namely Siddique Bazar, Dhaka. The
process of neem cake preparation was cold pressing of neem tree fruits and ker-
nels, and the solvent extraction processed for neem oil cake. Vermicompost is
the product of the decomposition process using various species of worms,
usually red wigglers, white worms, and other earthworms, to create a mixture of
decomposing vegetable or food waste, bedding materials, and vermicast. Ver-
micompost was collected from Nilphamari district. Biochar was prepared from
field crop residues by mixing biomass of saw dust, rice husk and rice stubble in
2:2:1 ratio. Biochar was produced by following a simple version of pyrolysis
process. Chemical properties of all organic amendments were determined by

following standard method, listed in Table 1.

Table 1. Chemical composition of different organic manures.

Sample pH
Animal manure (TAM) 7.65
Neem cake (TNC) 5.55
Vermicompost (TVC) 6.91
Biochar (TBC) 8.92
LSD o, 0.11

C CEC N P K S Ca Mg Fe Mn Zn
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

22.14  38.00 2.70 0.25 0.40 0.43 2.46 0.08 0.02 0.005  0.007
19.71 27.25 1.65 1.59 0.14 0.30 3.01 0.16 0.23 0.013  0.005
6.50 10.25 0.78 0.89 0.06 0.71 2.87 0.17 0.31 0.029  0.012
1.83 8.45 0.76 1.77 0.89 0.07 1.22 0.93 0.41 0.159  0.022

3.24 2.58 0.28 0.29 0.06 0.06 0.16 0.03 0.02 0.00 0.00

DOI: 10.4236/ajps.2021.128088

1261 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2021.128088

M. Salma, S. Hossain

2.3. Experimental Design and Treatments

Six different treatments were applied in this experiment, namely, animal manure
(TAM), neem cake (TNC), vermicompost (TVC), biochar (TBC), urea (TU) and
control (TC). A total of 18 pots with three replications were used to set up the
experiment in the net-house of the department of Soil, Water and Environment

at the University of Dhaka following a complete randomized design.

2.4. Pot Preparation and Plant Material

Plastic pot of 5 kg sized filled with 4 kg air dried soil samples were used for this
experiment. Each pot was first washed, dried and marked in accordance with the
treatments. A leafy-vegetable locally known as Palong Shak, Spinacia oleracea,

was selected for this purpose.

2.5. Application Rate of Organic Amendments and Urea in Soil

The soil was mixed with different types of organic amendments at a rate of 5
t/ha, that is, each pot with 4 kg soil received 10 g of amendments as per standard
recommended practice whereas urea was applied at a rate of 60 kg/ha, that is,

each pot received 0.12 g.

2.6. Crop Management

Registered seeds of Spinach were collected from local market of Siddique Bazar,
Dhaka and about 9 - 10 seeds were sown in each pot at the net house on January,
2020. The plants were irrigated regularly with tap water and always kept in field
capacity condition. The average temperature of the growing season ranged from
16°C - 26.5°C and relative humidity from 37% - 55%. Thinning and weed re-
moval was done as and when necessary. Adequate plant protection measures
were taken during the growing period. No chemicals or pesticides were used.
Visual observations and record of general growth parameters like plant height,
leaf area etc., were noted during the whole growth period. The plants were har-
vested at maturity (60 days). Leaf area index (LAI) was calculated from the mul-
tiplication of the length of leaves to width of leaves and dividing the product by
the ground area occupied by the plant.

2.7. Collection and Preparation of Plant Samples

Plant samples were collected and labeled carefully at 45 days and at 60 days for
chemical analysis. The plants were first washed with tap water and then with
deionized distilled water followed by separation into two parts: roots and shoots.
Fresh weights of both parts were taken. Then all samples were air-dried as well
as oven dried at 80°C + 5°C for 48 hours and dry weights of both parts were
taken. The dried samples were then ground with mortar and pestle, mixed tho-
roughly and passed through a 0.25 mm sieve and stored in plastic containers for
analysis. Standard Nitric-Perchloric acid digestion was carried out for the plant

samples for analysis of nutrients like P, K, S, Ca and Mg and heavy metals [11].
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2.8. Analysis of Plant Samples

Total nitrogen of the plant samples was determined by Kjeldahl’s digestion with
concentrated sulfuric acid (H,SO,) as described in Jackson (1973) [11]. The total
K content was determined by using flame photometer (JENWAY, PFP 7) from
the digests. The total Phosphorus content of treatments and plant samples were
determined colorimetrically using a HACH spectrophotometer (model no.
DR5000) at 490 nm by developing yellow color with vanadomolybdate after di-
gesting as described in Jackson (1973). Total sulfur content of plant samples
were determined by turbidity of suspended barium sulfate using Tween-80 stabi-
lizer. The turbidity was measured by HACH spectrophotometer (model no.
DR5000) at 420 nm [12]. Total contents of calcium, magnesium and heavy met-
als of plant samples were determined from the digest by the Varian Atomic Ab-

sorption Spectroscopy (AAS) [11].

2.9. Computation of Nutrient Uptake and Nitrogen Use Efficiency
(NUE)

Using nutrient content data derived from chemical analysis, nutrient uptake was
calculated as follows:

Nutrient uptake (kg/ha) = Nutrient content (%) x Dry matter (kg/ha)/100

Nitrogen use efficiency of the plants was calculated in two ways using nitro-
gen uptake data and fresh weight data. They are as follows:

1) Apparent NUE (NUE,,) = (N uptake by plant with N application — N up-
take by plant without N application)/the amount of N applied

2) Agronomic NUE (NUE,) = {Fresh weight treated (kg/ha) — Fresh weight
in control plot (kg/ha)}/Quantity of Nitrogen applied (kg/ha)

2.10. Analysis of Soil and Organic Amendment Samples

Various physical, chemical and physicochemical properties of the soil and or-
ganic amendments were analyzed in the laboratories. pH of the samples were
measured electrochemically by using a glass electrode pH meter at a ratio of
1:2.5 for soil and 1:15 for other organic amendments. The CEC of soil and or-
ganic amendments were determined by 1 M ammonium acetate extraction me-
thod [13]. Total organic carbon was determined by wet oxidation method of
Walkley and Black. Total nitrogen was determined by Kjeldahl’s digestion me-
thod with concentrated sulfuric acid [11] and Micro-Kjeldhal’s distillation ap-
paratus was used for distillation. Available phosphorus was determined by ex-
tracting the samples using Bray and Kurtz method (pH < 6.0) and Olsen method
(pH > 6.0) and then the extracts were used to estimate P colorimetrically by fol-
lowing the ascorbic acid blue color method using a spectrophotometer at 880
nm. Available S was determined by extracting the samples with calcium dihy-
drogen phosphate monohydrate [Ca(H,PO,) and then the turbidity was meas-
ured by HACH spectrophotometer (model no. DR5000) at 420 nm. Available K

was determined by a flame analyzer after extracting the samples with 1 M am-
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monium acetate at pH 7.0. Total P content of the samples were determined colo-
rimetrically using a spectrophotometer at 490 nm by developing yellow color
with vanadomolybdate after digesting the biomass with ternary acid mixture.
Total S content of the samples were determined turbidity metrically by a spec-
trophotometer at 420 nm after digesting with concentrated nitric and perchloric
acid.

Available Calcium and Magnesium of the samples were extracted with 1 N
ammonium acetate at pH 7.0 and determined by the Varian Atomic Absorption
Spectroscopy and heavy metals like Iron, Manganese, and Zinc were extracted
with DTPA solution at a ratio of 1:2 and determined by the Varian Atomic Ab-

sorption Spectroscopy.

2.11. Statistical Analysis

Statistical analysis of the experiment data was done by using SPSS (version 20)

software and Microsoft Excel (statistical tool pack version 2010).

3. Results

3.1. Effect of Different Organic Amendments on Plant Height and
Leaf Area Index

Growth of plant height remains visibly unaffected by the treatments up to first
10 days but then gradually with time significant differences (P < 0.001) were ob-
served with each treatment (Figure 1(a)). Plant height was consistently higher
from germination to maturity with treatment TNC and TBC followed by TVC
and TAM whereas TC and TU were consistently lowest; in fact, there was no
significant difference between control (TC) and urea application (TU) at matur-
ity (60 days). Though final plant height significantly varied (P < 0.001) among all
treatments the variation between TNC and TBC was not statistically significant
(Figure 1(b)).

In case of Leaf area index (LAI), the effects of TNC was consistently higher,
followed by TVC then by TBC and TAM and statistically significantly different
at 1% level. Surprisingly, the lowest LAI was found with TU which were 32.56%
lower than control (TC) and there was no significant difference between treat-
ment TC and TU in terms of LAI (Figure 2(a)). The highest plant height and
LAI both were recorded with treatment TNC but with treatment TBC only the
second highest plant height and third highest LAI was recorded which showed
treatment TBC was not equally effective on both plant height and LAI (Figure
2(b)). The maximum plant root length (4 cm) was observed in TVC which was
100% higher than control and the second maximum plant root length was 3.2
cm under treatment TBC which was 60% higher over control. The lowest root
growth (1.9 cm) was observed under treatment TU which was 5% decreased
than control. The ANOVA test showed that significant differential effects of

various treatments on root length at 5% level.
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Figure 1. Plant height of spinach in response to various treatments: (a) Plant height at
different days; (b) Plant height at maturity (LSD = 2.61).

3.2. Effect of Different Organic Amendments on Fresh Weight and
Dry Weight

Differential responses of fresh and dry weight of spinach were recorded under
various treatments as shown in Table 2. The maximum fresh weight as well as
dry weight of shoot and root was found under treatment TNC followed by TVC
then by TBC. Treatment TC and TU had lowest fresh and dry weight. Statisti-
cally significant difference in fresh and dry weight was recorded for all the
treatments (P < 0.001). However, there was no statistical difference between the
highest fresh/dry weight and the second highest fresh/dry weight obtained by
treatment TNC and treatment TVC. Similarly, the lowest fresh/dry weight was
obtained by TC and TU and there was no statistically significant difference be-

tween those two treatments.
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Figure 2. Leaf area index of spinach under various treatments: (a) LAI at different days
and (b) LAI at maturity (LSD = 0.04).

Table 2. Fresh and dry weight of Spinacia oleracea under various treatments.

Fresh Weight Dry Weight
Total Total
Shoot fresh Root fresh o Shoot dry Root Dry N
X K Fresh . . dry
weight weight . weight weight .
Treatment Weight weight
10C* 10C* I0C* I0C*
kg/h: kg/h: kg/h: kg/h: kg/h: kg/h:
(kg/ha) %) (kg/ha) %) (kg/ha)  (kg/ha) %) (kg/ha) %) (kg/ha)
TC 3647 - 237 - 3883 214 - 18 - 232

TAM 10,267 181 398 68 10,665 549 157 38 111 587
TNC 22292 511 1053 345 23,345 1155 440 99 450 1254
TVC 20,967 474 880 272 21,847 1096 412 84 367 1180
TBC 15532 325 697 194 16,228 769 259 76 322 845
TU 4183 15 207 12 4390 209 2 20 11 229
LSDygs 5000 - 190 - 5080 99 - 17 - 112

(TC = Control, TAM = Animal manure, TNC = Neem cake, TVC = Vermicompost, TBC = Biochar, TU =
Urea). IOC* indicates increase over control in percentage.
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3.3. Effect of Different Organic Amendments on Macro and
Micronutrient Uptake

Plant nutrient uptake highly depends on the nutrient release from the soil solid
phase in the form of mineral and organic materials to the soil solution. The re-
lease of nutrients from organic matter occurs biochemically through the balance
of mineralization and immobilization processes. The uptake of macronutrients
like nitrogen (N), phosphorus (P), potassium (K), sulfur (S), calcium (Ca), and
magnesium (Mg) and micronutrients like iron (Fe), manganese (Mn) and Zinc
(Zn) by Spinacia oleracea under different treatments are shown in Table 3.

ANOVA test showed significant differential effects of various treatments on
nitrogen uptake at 5% level. Total nitrogen uptake at 45 days and 60 days was
consistently highest under same treatment TVC which were 207.64% and
533.11% higher than control (TC) respectively. However, the second highest to-
tal nitrogen uptake at 45 days and 60 days were accounted for two different
treatments which were TBC and TNC respectively with 118.15% and 528.01%
increase over control (T'C). Nitrogen uptake was consistently second lowest at 45
and 60 days under treatment TU and there was no significant difference between
TU and TC uptake. Though nitrogen uptake under TNC initially was lower than
TVC and TBC but at maturity uptake spikes up, reached second maximum value
and calculated LSD value showed, there was no significant difference between
TNC and TVC uptake at 60 days.

The highest uptake of total P, S, Ca, Fe and Mn were measured at treatment
TNC followed by second highest at TVC (except S). Again, highest uptake of to-
tal K, Mg and Zn were measured at TVC followed by second highest at TNC
(except K). However, LSD analysis showed that like N there was no significant
difference in uptake of P, Ca and Mg between TVC and TNC. Overall, total ma-
cro and micro nutrient uptake were higher in TNC and TVC treatments, espe-

cially micro nutrient uptake were higher in TNC. The lowest S, Fe and Zn

Table 3. Macro and micronutrient uptake by Spinacia oleracea under various treatments.

Macronutrient uptake (kg/ha) Micronutrient uptake (kg/ha)
N
Treatment
45 60 P K S Ca Mg Fe Mn Zn
days  days
TC 2.338 7.430 0.556 2.660 0.053 4.790 3.090 0.528 0.124 0.089

TAM 3.811 21.866 1.920 6.190 0.513 11.92 7.476 1.084 0.142 0.139

TNC 4.674 46.661 4.880 17.67 0.783 26.16 15.06 6.770 0.410 0.217
TVC 7.192  47.040 4.090 2557 0.473 2451 1642 1987 0.272 0.331
TBC 5.100 27.426 2.760 2291 0.183 11.90 11.15 1.212 0.227 0.143
TU 2952  9.610 0.760 3.230 0.046 6.750 3.520  0.430 0.173 0.074

LSD g5 227 2037 078 436 031 6.28 3.86 1.11 0.16 0.09

(TC = Control, TAM = Animal manure, TNC = Neem cake, TVC = Vermicompost, TBC = Biochar, TU =
Urea).
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uptake were measured at the treatment TU and lowest P, K, Ca, Mg were at con-
trol (TC). ANOVA analysis showed that the effects of different treatments on
uptake of P, K, Ca, Mg, and Fe were significant at 1% level and S, Mn, Zn were at
5% level.

3.4. Effect of Different Organic Amendments on Nitrogen Use
Efficiency (NUE)

Although nitrogen use efficiency was calculated by two different methods the
results found were similar (Figure 3). Apparent nitrogen use efficiency (NUE,,)
and agronomic nitrogen use efficiency (NUE,;) measured at 45 days showed the
highest efficiency was recorded with treatment TVC followed by TBC and the
variation between those two treatments was statistically significant. However,
there was no significant difference either in NUE,, (LSD = 0.04) or NUE, (LSD
= 22.73) at 45 days among treatment TNC, TAM and TU (Figure 3(a), Figure
3(c)). At maturity, the highest value was recorded with treatment TVC followed
by TBC then by TNC in both NUE,, and NUE, and there was no significant
difference between TAM and TU in terms of NUE in both methods (Figure
3(b), Figure 3(d)).

3.5. Effect of Different Organic Amendments on Soil Carbon and
Other Nutrients

The physicochemical properties of harvested soil changed from the initial soil
after amendments application and plant cultivation as presented in Table 4.
Post-harvest soil pH did not change significantly for any of the treatments and
highest increase (0.11) was found for TNC.

One of the main aspects of organic amendment application and agricultural
production is to improve soil carbon (C) status. Soil C content increased signifi-

cantly (P < 0.001) for all the treatments while highest significant increase was

Table 4. Physicochemical properties of post-harvest soil under different treatments
(available nutrients status are shown all in mg/kg unit).

Treatment pH % C CN %CEC N* P* &t K* Ca* Mg* Fe* Mn* Zn*
In 56 039 4.9 53 18.0 44.1 12.0 377.8 242.0 200.0 970.4 190.6 10.4
TC 57 0.89 6.6 6.7 60.0 383 9.6 409.8 626.0 132.4 782.4 139.6 8.2
TAM 56 112 84 5.7 70.0 52.1 8.0 426.7 596.0 139.2 800.7 134.3 8.2
TNC 58 1.03 6.4 9.9 100.0 71.8 15.4 358.9 595.0 154.1 761.3 159.5 7.8
TVC 56 114 7.9 6.8 100.0 61.8 9.3 412.5 569.0 155.8 710.5 129.5 8.0
TBC 58 127 8.1 104 70.0 55.6 5.6 412.6 632.0 189.1 723.7 162.7 6.7
TU 55 111 8.1 47 700 469 9.3 390.0 472.0 142.7 880.9 158.0 7.4

LSDes 0.41 0.07 - 0.5 47 62 2.0 196 893 142 423 186 0.5

(TC = Control, TAM = Animal manure, TNC = Neem cake, TVC = Vermicompost, TBC = Biochar, TU =
Urea). *indicates unit in mg/kg.
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Figure 3. Nitrogen use efficiency of Spinacia Olercea under different treatments: (a)
NUE,; at 45 days and (b) NUE,; at 60 days (P < 0.001); (c) NUE,; at 45 days and (d)
NUE,; at 60 days (P < 0.001).

recorded with TBC followed by TVC and lowest was with TC. The highest
available N content was determined at treatment TNC and TV C simultaneously
and lowest N was determined at TC (P < 0.05). The ratio of total soil C and N
content (C: N) increased due to amendment application and highest C: N value
was 8.36 found with TAM while lowest was 6.40 found with TNC. To maintain
good soil health and productivity in agricultural soil higher C: N (at least 10) is
preferred and this increase was found with all treatments in post-harvest soil.
Application of organic amendments significantly (P < 0.001) increased cation
exchange capacity (CEC) of the soil. The highest CEC value was found with TBC
and TNC whereas lowest with urea. The available P content increased from ini-
tial soil in all the treatments significantly (P < 0.001) except control. The highest
and second highest available P content were recorded in treatment TNC and
TVC which was 87.55% and 61.49% higher over the control. The available S
content decreased in all most all treatments significantly (P < 0.001) except TNC
and this increase was 61.13% higher over the control. The available K content
increased in all most all treatments significantly (P < 0.001) except TNC. The
highest available K content was recorded in treatment TAM and second highest
in treatment TVC, TBC. The available Ca content increased from initial soil in
all the treatments significantly (P < 0.05). The highest content of Ca was found
in TBC followed by control. Like S, the available Mg content decreased from ini-
tial soil in all the treatments significantly (P < 0.001) and the highest content was
found in TBC. Following the same trend, the available heavy metal like Fe, Mn,
Zn content in post-harvest soil decreased from initial soil significantly (P <
0.001) and the highest value for Fe, Mn and Zn were found with TU, TBC and
TAM respectively. It should be mentioned that initial and post-harvest soil had

heavy metal content well below critical limit.
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4. Discussion

This study showed that all the growth parameters like, plant height, leaf area in-
dex (LAI) and root length of spinach were significantly (P < 0.001) increased
under organic amendments application compare to control and urea treatment.
However, mixed responses have been reported for applications of organic ma-
nures for vegetable production. Vermicompost, cow dung, poultry manure,
neem cake, mustard cake were found effective in the production of cowpea and
yield was as good as those found with inorganic fertilizer application [14]. Let-
tuce yield increased under organic amendment application compare to unferti-
lized soil [15]. Again, decreased in lettuce growth with increasing rates of the
organic fertilizer was also found [16]. Similarly, cattle manure was found less ef-
fective compare to diammonium phosphate in amaranth yield [17] while poultry
manure increased amaranth growth and nitrogen uptake compared to urea [18].
Animal (sheep) manure increased nitrogen content and yield of rapeseed signif-
icantly over control [19]. In this experiment, application of animal manure
(cow-dung and poultry manure in 1:1 ratio) increased fresh yield significantly (P
< 0.001) over control and urea which was in agreement with the previously men-
tioned studies but this increase was lower than biochar, vermicompost and neem
cake applications.

Reportedly, biochar treatment had significantly higher yield, plant N uptake,
and NUE in water spinach ([pomoea aquatica L.) compare to chemical fertilizer
and reduced N loss in open field trial [20]. Conversely, Biochar also reduced
maize dry matter yield by 15.6% in comparison to the untreated control with
lower NUE indicating N immobilization by biochar at low N rates [21]. Total
yield and N uptake of Chinese flowering cabbage were significantly higher under
combination of composted cow dung and biochar (8.5 t/ha) treatment than
composted cow dung treatment alone [22]. In this experiment, application of
biochar also increased yield significantly (P < 0.001) over control and urea but
this increase was 34.62% and 43.85% lower than vermicompost and neem cake
treatment, respectively.

The second highest dry and fresh yield was recorded with vermicompost ap-
plication largely due to higher LAI and the yield difference between highest and
second highest was not significant. Previously, spinach plants with 10% vermi-
compost as soil amendment had highest leaf number, area, and fresh weight
which were similar to this experiment [23]. Vermicompost application increased
yield of bell paper [24] eggplant [25] and maize [26] under water deficit condi-
tions alone or in combination with biochar.

Under the treatment TNC (neem cake) the plant height (24 cm) and the leaf
area index (0.154), fresh weight of shoot (22,292 kg/ha) and root (1053 kg/ha)
were highest. Dry biomass is the indication of organic matter of a particular
plant. The maximum dry weight for shoot (1155 kg/ha) and root (99 kg/ha) of
spinach were highest at treatment TNC. Some studies showed that by applying

neem seed cake significantly affected the growth and yield parameters of okra
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[27]. Neem Cake (NC) application also been reported to increase the dry matter
yield of wheat significantly [28]. Dissimilar result was reported that the increase
in nitrogen fertilizer resulted in a decrease in dry matter percentage [29].

Uptake of maximum macro and micronutrient occurred under the treatment
TNC followed by the treatment TVC. In comparison with the inorganic fertilizer
urea (TU), organic amendment showed better result in macronutrient uptake
under various treatments. Nitrogen uptake showed highly positive correlation
with plant height (R = 0.828), leaf area (R = 0.9568), dry weight (R = 0.996) and
uptake of P (R = 0.983), Ca (R = 0.985), Mg (R = 0.9897), Mn (R = 0.8342) and
Zn (R = 0.9113) that were significant at 5% level. There were no statistically sig-
nificant relationships among nitrogen uptake and potassium, sulfur and iron
uptake. It was clearly observed that high nitrogen uptake can increase plant
height, leaf area, dry weight as well as other macro and micronutrient uptake as
it had a synergistic relationship with plant growth and yield parameters and ma-
cro and micro nutrient uptake. Previous studies found that application of or-
ganic manures favored the uptake of N, K and S in wheat [30] and they showed
significant effects on N, P and K content of the cabbage crop than control [31].

In this study, nitrogen use efficiency (NUE) increased significantly (P < 0.001)
with the addition of organic amendments compare to control and urea. The
highest NUE was recorded with TVC (vermicompost) although total nitrogen
content in TVC was lower than TAM and TNC. Then again, TNC had lower
NUE compare to TVC and also to TBC. All these revealed that, there was a neg-
ative correlation (R = —0.732) between nitrogen uptake and total content in the
organic amendments. NUE of spinach also varied with days as it increased at the
later part of the growth period than earlier.

It was observed that the application of organic amendments in this experi-
ment significantly increased soil cation exchange capacity (P < 0.001) and soil
organic matter content (P < 0.001) and also changed the availability of macro
and micro nutrients for plant growth. Similar findings were reported for vermi-
compost and poultry manure application in okra-rice cropping system which
also exhibited liming effect to some extent [32]. The available macronutrients
content increased under organic amendment treatments compare to initial soil
content, particularly soil available P content increased significantly (P < 0.001).
Biochar (TBC) was the best treatment in terms of increasing soil C content and
CEC. Treatment TNC and TVC had the highest soil available nitrogen content
compared to other treatments. It should be mentioned that highest percentage of
C, N and CEC was found with animal manure (TAM) but the result was not re-
flected on the changes of post-harvest soil nutrient status and also on plant
growth. Neem cake (TNC) showed best results for restoring most macro nu-
trients like available N, P, S content except K and vermicompost (TVC) closely
followed.

5. Conclusion

After analyzing the plant morphological properties and yield parameters, the
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best results were recorded in the Neem cake (TNC) treatment. It was also the
best treatment for improving soil nutrient (C, N, P, S) status as plant height; leaf
area and dry weight were highly correlated with N and P uptake. This treatment
was statistically the best treatment among other treatments. Vermicompost
(TVC) treatment had the second best result in terms of plant growth and soil
fertility which might be due to higher NUE of spinach plant under this treat-
ment. Although, urea is commonly used nitrogen fertilizer, here it was shown
that the organic amendment worked better than the area in the terms of nitro-
gen use efficiency. It indicated that, organic amendments might be better source

with high NUE for long duration crops than short duration crops like spinach.
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