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Abstract: Linseed is an important industrial crop cultivated for its edible seeds and fiber linen.
Organic fertilizers have beneficial effects on soil properties and quality of crops. Therefore, we
conducted two field experiments during 2018–2019 and 2019–2020 to determine the effect of organic
fertilizers on soil fertility, yield and fiber quality of linseed varieties Roshni, BL1 and Chandni under
low soil moisture conditions. We prepared organic fertilizers from seed cake of Eruca sativa, leaves
of Moringa oleifera and chicken peat in various combinations by composting method. The various
formulations of organic fertilizers included OF1(1 kg seed cake of Eruca sativa), OF2 (1 kg seed cake
of Eruca sativa + 1 kg chicken peat), OF3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken peat + 0.25 kg
Moringa oliefera leaves) and OF4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken peat + 0.5 kg
Moringa oliefera leaves). Compositional analysis of organic fertilizers indicated that OF3 and OF4
had higher and may potentially sufficient quantities of NPK and organic matter. Both of these
fertilizers significantly improved soil total N, available P, K, Zn and Fe contents. Growth response of
linseed varieties to organic fertilizers was evaluated under water deficit stress (40% field capacity of
soil) at tillering stage for one month. Water stress had significantly adverse effects on plant height,
production of tillers per plant, leaf relative water content (LRWC), number of capsules per plant,
thousand seed weight, total seed yield, straw yield, fiber length and fiber weight of linseed varieties.
However, the application of OF3 and OF4 significantly enhanced plant height, tillers production,
LRWC, seed yield, straw yield, fiber length and fiber weight under water deficit stress. Water deficit
stress also resulted in a significant increase in the content of phenolics of both the leaves and roots.
For each measured quality parameter of linseed varieties, organic fertilizer treatments resulted in
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higher values than untreated and irrigated control. We concluded that organic fertilizers particularly
OF3 and OF4 significantly improved soil fertility and minimized negative effect of water deficit stress
on plant height, tillers production, LRWC, seed yield, straw yield, fiber length and fiber weight of
linseed varieties.

Keywords: growth attributes; osmotic stress; phenolics; fiber quality; soil fertility; yield attributes

1. Introduction

Sustainable agricultural production is a major global issue. The application of chemical
fertilizers to get higher crop yields is a popular practice throughout the world. Nitrogen and
phosphorus fertilizers are extensively used by farmers to get higher crop yield. However,
continuous application of chemical fertilizers results in a decline of soil fertility and yield
of crops over time [1]. Frequent use of such fertilizers has undesirable effects on soil health,
such as soil acidification, soil compactions, heavy metals accumulation and suppression
of beneficial soil microbial flora [2]. In present days, policy makers and scientists are
opining on the use of biological materials as alternative sources of nutrients to chemical
fertilizers for improving soil fertility and yield of crops [3,4]. The reason is that organic
farming results in quality food without having any harmful effect on the health of soil and
consumers [5]. Organic fertilizers are used as alternative sources of nutrients to chemical
fertilizers for sustainable agriculture [6].

Organic fertilizers are synthesized from animal manure, animal matter, vegetable
matter and compost [7,8] are good sources of N, P, and K [9], improve soil fertility, and
increase growth and yield of plants [3,10]. Organic fertilizer and plant growth-promoting
rhizobacteria is an better alternative to mineral fertilizers [11–15]. Use of biostimulants
also reduce the need for mineral fertilizers [16–18]. Foliar application of fertilizer and
micronutrient could be better alternative of fast action [19,20]. For the production of
organic fertilizers, biological materials are composted by the action of soil micro-biota. The
compost thus produced has higher content of organic matter and nutrients required for
better growth and establishment of crops [21]. The composted material when applied to
soil improves soil properties and makes available the soil nutrients to plants at a higher
rate resulting in healthy plants with higher seed yield [22].

It improves chemical, physical and biochemical properties of the soil and reduces
nutrients leaching [23]. It also mitigates environmental imbalance which is caused by
increasing CO2 in atmospheres. Organic fertilizers improve water holding capacity of soil
and thus protect plants from conditions of water stress [24,25]. Organic fertilizers also
improve microbial activity in soil and ease the cycling of nutrients in soil [26,27].

Water stress is among the most commonly occurring abiotic stresses adversely in-
fluencing growth and yield of many economically important plant species [28]. Water
deficit stress decreases the content of photosynthetic pigments, decreases turgidity of
leaves, causes damage to cell membranes and inhibits cell division in growing parts
of plants [29,30].

Flax, also called flaxseed or linseed, belongs to the family Linaceae and is cultivated
for food, medicinal oil and fiber purposes [31]. Linseed oil is used industrially for making
paints, polishes, inks, cosmetic products and biodiesel [32,33]. Linseed oil contains 38%
to 42% linoleic acid which is highly beneficial for human beings and other animals [34].
Linseed fibers are much stronger than cotton fibers and used for making clothes, bed
sheet and table linen [35]. However, its production is severely affected by low nitrogen
(N) and phosphorous (P) content of the soil [36]. Moreover, it has been reported that
deficiency of water limited the growth, yield and fiber quality of linseed [37]. A large part
of agriculture lands in Pakistan are arid and deficient in NPK. Organic fertilizers have
potential to improve water holding potential and fertility of soil [3]. For this purpose, we
prepared organic fertilizers having seed cake of Eruca sativa, Moringa oleifera leaves and
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chicken peat in different ratios and evaluated their effect on growth, seed yield and fiber
value of linseed under water deficit conditions.

2. Materials and Methods
2.1. Preparation of Organic Fertilizers

Eruca sativa, Chicken peat and M. oleifera leaves were selected as organic materials due
to their ease of availability and low cost. Seed cake was prepared by grinding the seeds of
Eruca sativa in an electric grinder. For this purpose, oil was first extracted from seeds in
petroleum ether (20 L) using a Soxhlet extractor. After oil extraction, the seed cake obtained
was utilized for the production of organic fertilizers. The chicken peat was collected from
poultry farms in District Bannu KP, Pakistan. The Moringa oleifera (M. oleifera) leaves (10 kg)
were collected from 20 healthy trees and dried in shade for 2 weeks.

For the required amount of seed cake of Eruca sativa, chicken peat and M. oleifera
leaves were put in plastic bags, moistened (70%) and buried deep down in soil (1m deep)
in a moist field near a water body. After 45 days, the bags were opened and the composted
material was dried in the sun. The material was again moistened up to 70% and buried
in same holes for 15 days [22]. After 15 days, the composted material was collected and
spread on to plastic sheets to re-dry. The organic fertilizers made were OF1—seed cake of
Eruca sativa (1 kg), OF2—seed cake of Eruca sativa (1 kg) + chicken peat (1 kg), OF3—seed
cake of Eruca sativa (1 kg) + chicken peat (0.5 kg) + Moringa oleifera leaves (0.25 kg) and
OF4—seed cake of Eruca sativa (1 kg) + chicken peat (0.250 kg) + Moringa oleifera leaves
(0.5 kg).

2.2. Physico-Chemical Analysis of Organic Fertilizers

The organic matter content of organic fertilizers was determined by the method of
Nelson and Sommers [38]. The K, Fe and Zn content in organic fertilizers was determined
by wet digestion method using Nitric-Perchloric acid (HNO3-HClO4) through atomic ab-
sorption spectrophotometer [39,40]. Phosphorus contents were determined by ammonium
vanadomolybdate absorption spectrometry method [41]. Nitrogen content was determined
by the Kjeldahl method [42].

2.3. Assessment of Organic Fertilizers Potential on Growth Of Linseed

Field experiments were carried out under natural conditions during linseed growing
seasons of 2018–2019 and 2019–2020 in District Bannu KP, Pakistan. The total rainfall
during linseed growing season of 2018–2019 was 284.7 mm whereas, total rainfall during
linseed growing season of 2019-2020 was 227.4 mm. The average monthly minimum and
maximum temperature during 2018–2019 was 11.02 and 24.07 ◦C respectively. Similarly,
average monthly minimum and maximum temperature during linseed growing season
of 2019–2020 was 11.19 and 23.29 ◦C respectively. The field soil was clay loam having
pH 8.40, EC 230 µS cm−1, organic matter 0.69%, total nitrogen 0.03%, available phosphorus
4.02%, available potassium 0.40%, Ca/Mg 9.5 meq/L, carbonate 1.4 meq/L and bicarbonate
1.9 meq/L. The soil fertility was also determined after two days of crop harvest [43–48].

Seeds of linseed varieties Roshni and Chandni were obtained from Ayub Agriculture
Research Institute Faisalabad Pakistan. Local genotype BL1 of linseed cultivated in District
Bannu was obtained from Agriculture Research Station Bannu, Pakistan. Uniform size
seeds of linseed were selected and sterilized with 95% ethanol. The seeds were washed
carefully with autoclaved distilled water and sown in the field at 30 kg/ha [49].

The experiment was carried out as a split plot design, having factorial arrangements
of the treatments in three replicates per treatment. Plots measuring 1 × 1 m2, consisting
of four rows each and 20 cm apart were used. The organic fertilizers were applied at
3000 kg/ha two weeks before sowing of seeds in the field. Moreover, recommended doses
of nitrogen (80 kg/ha), phosphorus (40 kg/ha) and potassium (30 kg/ha) were applied
through the broadcast method manually in the field before sowing of seeds. The sources
of fertilizers were urea (for N), diammonium phosphate (for N and P) and potassium
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sulfate (for K) [50]. Water deficit stress was imposed by closing of water supply to plants
up to 40% field capacity of soil at vegetative growth stage (60 DAS) for one month. Two
irrigation regimes, control (normal irrigation as recommended for linseed crop 100% soil
field capacity) and water stress (skipped irrigations to maintain 40% soil field capacity),
represented the main plots. Combination of three linseed varieties (Chandni, Roshni and
BL1) and four organic fertilizers (OF1, OF2, OF3, and OF4) treatments (0 kg/hectare and
3000 kg/hectare) were randomly dispersed in the sub plots. At the end of the water stress
period leaves were collected randomly from plants in all treatments and analyzed for the
following parameters. Leaf relative water content (LRWC) was estimated according to the
method of Gao [51] based on Equation (1).

LRWC (%) = Leaf fresh weight − Leaf dry weight/Leaf turgid weight − Leaf dry weight × 100. (1)

Method of Shen et al. [52] modified by Ma et al. [53] was considered for extraction
of total phenolics content A 2 g tissue of root or leaf was extracted in acidified (1% HCL)
methanol (16 mL) for one day and night at 25 ± 01◦C. After centrifugation of the mixtures at
4000× g for 15 min, a 500 µL of supernatant was added with Folin Ciocalteu reagent (5 mL)
and 4 mL of sodium carbonate solution (7.5 g/100 mL). The mixtures were subjected to
incubation for 120 min and their absorbance was measured at 765 nm (Spectrophotometer
SP-300, Tokyo, Japan). Total phenolics content was stated as mg GAE/g fresh weight.

2.4. Yield and Yield Related Parameters

The plants in all treatments were supplied with water and allowed to grow to maturity.
When the plants turned yellow and their capsules were mature, then they were analyzed for
yield and quality of fiber. Plant height of randomly selected 10 plants/plot was measured
using a measuring tape. Similarly, the number of tillers/plants of 10 randomly selected
plants/plot were counted. The total number of capsules/plants was determined from
counts on 10 plants/plots. The capsules were crushed and cleaned mechanically and
the total number of seeds/capsules were estimated. The 1000 seed weight of 10 random
plants/plot was determined using a digital balance. After the threshing seeds of all plants
in each treatment were dried to 7% moisture content and their weight was determined.
Total seed yield obtained per plot was converted to kg/ha. The total weight in grams of the
air-dried straw of all plants without capsules in area of each plot was measured and the
values were converted into kg/ha. Seed length and width was determined using a digital
Vernier Caliper.

After harvesting, the straw was separated and put into stagnant water for four days.
Then it was washed with water after completely retting and drying in the sun. The fiber was
removed by means of scotching [35]. Fiber length was determined by common measuring
tape whereas, fiber weight was determined using a digital balance.

2.5. Statistical Analysis

The data of two years were combined and analyzed by two-way analysis of variance.
The means of treatments and control were compared by LSD test [54]. Pearson correlation
was determined for growth and yield parameters.

3. Results
3.1. Compositional Analyses of Organic Fertilizers

Our results showed that organic fertilizers have balanced composition with respect
to NPK values (Table 1). The N content of organic fertilizers recorded for OF1 were
2.57%, OF2 3.20 %, OF3 2.75% and OF4 2.74% respectively. Similarly, P content found in
organic fertilizers was OF1 0.71%, OF2 0.46%, OF3 0.81% and OF4 0.84%. The K, organic
matter and Fe content was higher in OF3 than OF1, OF2 and OF4. The EC value recorded
was highest for OF2 13.40 mS/cm and lowest for OF1 7.93 mS/cm. The Fe value for
various formulations of organic fertilizers was OF1 3422.3 mg/kg, OF2 2893.3 mg/kg, OF3
4118.7 mg/kg and OF4 3485.0 mg/kg respectively.
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Table 1. Characterization of organic fertilizers.

Organic
Fertilizer pH EC (mS/cm) N

(%)
P

(%)
K

(%) OM (%) Zn
(mg/kg)

Fe
(mg/kg)

OF1 4.78 ± 0.10 c 7.93 ± 0.08 d 2.57 ± 0.13 b 0.71 ± 0.10 ab 8.21 ± 0.07 c 2.83 ± 0.07 d 230.00 ± 15.27 c 3422.3 ± 12.71 c

OF2 6.50 ± 0.15 a 13.40 ± 0.12 a 3.20 ± 0.11 a 0.46 ± 0.04 b 11.78 ± 0.10 b 4.10 ± 0.11 c 372.00 ± 9.64 a 2893.3 ± 7.50 d

OF3 6.22 ± 0.13 ab 12.90 ± 0.11 b 2.75 ± 0.08 b 0.81 ± 0.09 a 12.43 ± 0.10 a 10.88 ± 0.11 a 322.33 ± 12.46 b 4118.7 ± 11.05 a

OF4 5.93 ± 0.14 b 10.80 ± 0.08c 2.74 ± 0.16 b 0.84 ± 0.04 a 11.58 ± 0.11 b 5.50 ± 0.17 b 324.00 ± 6.65 b 3485.0 ± 11.21 b

Note: a, ab, b, c, d means followed by different letters in each column are significantly differ-ent from each other at α = 0.05. OF1—organic
fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer 2 (1 kg seed cake of Eruca sativa + 1 kg Chicken peat), OF3—organic
fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of
Eruca sativa + 0.250 kg chicken peat + 0.5 kg Moringa oleifera leaves).

3.2. Effects of Organic Fertilizers on Soil Fertility Status

We recorded improvement in soil fertility related parameters after the application
of organic fertilizers (Table 2). The treatments OF3 and OF4 were more responsive and
resulted in a higher soil N, P, K, Zn and Fe contents. Maximum value of organic matter
content was recorded in field soil amended with OF3. Soil pH and EC was significantly
affected by organic fertilizers. The highest EC value (280 µS cm−1) was recorded for
treatment OF2 over the control (230 µS cm−1) whereas, OF4 amended soil had lowest EC
value (240 µS cm−1). The soil pH was significantly decreased due to application of OF3
and OF4.

Table 2. Effect of organic fertilizers on soil fertility status.

Organic
Fertilizers

Total N
(%)

Available P
(%)

Available K
(mg kg−1)

Organic
Matter (%)

Zn
(mg kg−1)

Fe
(mg kg−1) Soil pH Soil EC

(µS cm−1)

Control 0.0343 ± 0.00 c 4.00 ± 0.00 c 150.06 ± 0.18 e 0.69 ± 0.04 d 0.97 ± 0.02 d 0.80 ± 0.03 e 8.40 ± 0.05 a 230 ± 1.09 c

OF1 0.0387 ± 0.00 b 6.03 ± 0.03 a 155.13 ± 0.24 d 0.79 ± 0.01 c 1.05 ± 0.05 d 0.95 ± 0.03 d 7.80 ± 0.05 c 250 ± 2.00 b

OF2 0.0413 ± 0.00 ab 5.10 ± 0.05 b 169.98 ± 0.18 c 0.82 ± 0.09 b 1.32 ± 0.08 c 1.25 ± 0.07 c 8.10 ± 0.05 b 280 ± 1.01 a

OF3 0.0433 ± 0.00 a 5.13 ± 0.08 b 190.03 ± 0.43 b 0.86 ± 0.01 a 2.18 ± 0.09 a 2.45 ± 0.06 b 7.80 ± 0.05 c 270 ± 2.00 a

OF4 0.0403 ± 0.00 ab 6.00 ± 0.00 a 224.93 ± 0.23 a 0.79 ± 0.00 c 1.49 ± 0.08 b 2.75 ± 0.08 a 7.80 ± 0.05 c 240 ± 2.03 bc

Note: a, ab, b, bc, c, d, e means followed by different letters in each column are significantly differ-ent from each other at α = 0.05.

3.3. Organic Fertilizers Effect on Growth of Linseed

Our data showed that water deficit stress decreased plant height of linseed varieties
(Figure 1). The percent decrease in plant height due to water deficit stress was higher
in Chandni (18.01%) than Roshni (13.56%) and BL1 (12.37%) as compared with their
respective untreated and irrigated control. In non-stress conditions all the treatments of
organic fertilizers significantly improved plant height of linseed varieties. All the three
varieties of linseed showed greater response to OF3 and OF4. In response to OF3 and
OF4 applications, Roshni showed 8.52% increase in plant height than its untreated control.
Similarly, BL1 showed 12.6% increase in plant height due to OF4 application over its
untreated and irrigated control. In Chandni treatments OF3 and OF4 showed 10.48% and
9.75% increase in plant height over untreated and irrigated control. The percent decrease
in plant height due to water deficit stress was completely overcome by the application of
organic fertilizers; however, OF3 and OF4 were more effective.

Production of tillers per plant was significantly affected by water deficit stress in all the
three varieties of linseed; however, the percent decrease was more significant in Chandni
(40%) than BL1 (38.33%) and Roshni (37.52%). In non-stress conditions organic fertilizers
significantly improved tillers production per plant of linseed varieties (Figure 2). Of the
three varieties Roshni was more responsive to OF4; whereas BL1 and Chandni showed
greater response to OF2 and OF3. The water stress induced decrease in tillers production
was significantly overcome by the application of organic fertilizers. Under water deficit
stress, the positive response of Roshni and Chandni was more significant to OF3 and OF4;
whereas BL1 was highly responsive to OF1, OF2 and OF4.
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Figure 2. Effect of organic fertilizers on number of tillers per plant of linseed under water stress conditions. Due to
non-significant variations in two years data, we pooled the data together. The different letters above the data columns
indicate significant differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic
fertilizer 2 (1 kg seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg
chicken peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken
peat + 0.5 kg Moringa oleifera leaves).

Leaf relative water content (LRWC) of linseed varieties was negatively affected by
water deficit stress (Figure 3) and the BL1 was more susceptible (12.84%) than Chandni
(5.37%) and Roshni (1.95%) as compared with their respective untreated and irrigated
controls. Under normal irrigated conditions, all the formulations of organic fertilizer did
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not affect LRWC. However, the treatments were more effective under stress conditions and
significantly overcome the water stress induced decrease in LRWC.
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Figure 3. Effect of organic fertilizers on leaf relative water content of linseed under water stress conditions. Due to
non-significant variations in two years data, we pooled the data together. The different letters above the data columns
indicate significant differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic
fertilizer 2 (1 kg seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg
chicken peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken
peat + 0.5 kg Moringa oleifera leaves).

Water deficit stress resulted in a significant increase in root phenolics content as
compared to untreated and irrigated control (Figure 4). The water deficit stress enhanced
the root phenolics content of Roshni, BL1 and Chandni by 37.30%, 28.2% and 36.85%
respectively as compared with their respective untreated and irrigated controls. In non-
stress conditions organic fertilizers boosted production of phenolics in roots; however,
maximum phenolics content was recorded for treatment OF4. In terms of phenolics content
Roshni showed greater response to applied fertilizers than that of BL1 and Chandni.
The treatment OF4 + water stress has significantly more phenolics in roots than any
other treatment.

Similarly, significant increase was observed in the leaf phenolics contents of all three
used linseed varieties (Figure 5). Percent increase in the phenolics content was higher in
leaves of Roshni (44.47%) followed by Chandni (35.94%) and BL1 (35.28%) as compared
with their respective untreated and irrigated control. In a non-stress environment organic
fertilizer treatment showed positive effect on the content of leaf phenolics; however, higher
phenolics content was recorded in the leaves of plants treated with OF4. Under water
stress conditions, the beneficial effects of organic fertilizers on phenolics content were more
pronounced than under non-stress conditions. Significantly higher content of phenolics
was recorded for treatment OF4 applied under water stress conditions.
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Figure 4. Effect of organic fertilizers on root phenolics of linseed under water stress conditions. Due to non-significant
variations in two years data, we pooled the data together. The different letters above the data columns indicate significant
differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer 2 (1 kg
seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken
peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken peat + 0.5 kg
Moringa oleifera leaves).
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Figure 5. Effect of organic fertilizer on leaf phenolics content of linseed under water stress conditions. Due to non-significant
variations in two years data, we pooled the data together. The different letters above the data columns indicate significant
differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer 2 (1 kg
seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken
peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken peat + 0.5 kg
Moringa oleifera leaves).

Our data revealed that yield parameters of linseed like number of capsules/plant,
number of seeds/capsule, seed length and width, 1000 seed weight and total seed yield
was decreased by water shortage in all the three varieties (Figures 6–11). In non-stress
conditions, the soil amendment with organic fertilizers showed pronounced effects on
total seed yield. Superior values of seed weight and total seed yield were obtained for
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treatments supplemented with OF3 and OF4. All the treatments of organic fertilizers
decreased the adverse effects of water deficit stress on yield parameters. However, most
influential organic fertilizers were OF3 and OF4 under water deficit conditions.
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Figure 6. Effect of organic fertilizers on number of capsules per plant of linseed under water stress conditions. Due to
non-significant variations in two years data, we pooled the data together. The different letters above the data columns
indicate significant differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic
fertilizer 2 (1 kg seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg
chicken peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken
peat + 0.5 kg Moringa oleifera leaves).
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Figure 7. Effect of organic fertilizers on total numbers of seeds per capsule of linseed under water stress conditions. Due
to non-significant variations in two years data, we pooled the data together. The different letters above the data columns
indicate significant differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic
fertilizer 2 (1 kg seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg
chicken peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken
peat + 0.5 kg Moringa oleifera leaves).
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Figure 8. Effect of organic fertilizers on seed length of linseed under water stress conditions. Due to non-significant
variations in two years data, we pooled the data together. The different letters above the data columns indicate significant
differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer 2 (1 kg
seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken
peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken peat + 0.5 kg
Moringa oleifera leaves).
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Figure 9. Effect of organic fertilizers on seed width of linseed under water stress conditions. Due to non-significant
variations in two years data, we pooled the data together. The different letters above the data columns indicate significant
differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer 2 (1 kg
seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken
peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken peat + 0.5 kg
Moringa oleifera leaves).
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Figure 10. Effect of organic fertilizers on 1000 seed weight of linseed under water stress conditions. Due to non-significant
variations in two years data, we pooled the data together. The different letters above the data columns indicate significant
differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer 2 (1 kg
seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken
peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken peat + 0.5 kg
Moringa oleifera leaves).
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Figure 11. Effect of organic fertilizers on total seed yield of linseed under water stress conditions. Due to non-significant
variations in two years data, we pooled the data together. The different letters above the data columns indicate significant
differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer 2 (1 kg
seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken
peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken peat + 0.5 kg
Moringa oleifera leaves).

Water stress significantly decreased straw yield of all the three varieties of linseed
(Figure 12). Percent decrease in straw yield due to water deficit stress was higher in Roshni
(24.88%) than BL1 (23.33%) and Chandni (22.56%) as compared with their respective
untreated and irrigated control. In non-stressed conditions, the application of OF3 and OF4
was superior to that of OF1 and OF2 and resulted in a higher straw yield. Among the four
used organic fertilizers, OF4 was more promising in the alleviation of adverse effects of
water deficiency on the straw yield.
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Figure 12. Effect of organic fertilizers on straw yield of linseed under water stress conditions. Due to non-significant
variations in two years data, we pooled the data together. The different letters above the data columns indicate significant
differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer 2 (1 kg
seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken
peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken peat + 0.5 kg
Moringa oleifera leaves).

3.4. Effects of Organic Fertilizers on Fiber Quality of Linseed

Water stress exhibited a major decrease in fiber length of linseed varieties (Figure 13).
Percent decrease in fiber length due to water deficit stress was greater in BL1 (32.7%) than
Chandni (22.40%) and Roshni (19.15%) as compared with their respective untreated and
irrigated controls. Linseed plants supplemented with organic fertilizers had a significantly
higher fiber length over the control both under normal and water deficit conditions. Un-
der non-stress conditions, OF4 increased fiber length (30.8% and 22.67%) of Roshni and
Chandni, respectively. However, BL1 showed greater response to OF3 that caused a 27.5%
increase in their fiber length over untreated control. We noted that organic fertilizers
completely overcame the negative effects of water deficit stress on fiber length.

Fiber weight was decreased in all the three varieties of linseed upon exposure to water
deficit stress (Figure 14). Percent decrease in fiber weight due to water deficit stress was
greater in BL1 (50.51%) than Roshni (37.67%) and Chandni (35.08%) as compared with their
respective untreated and irrigated controls. Under non-stressed conditions, organic fertil-
izer OF4 resulted in higher value (35.4%) of fiber weight over other treatments. Similarly,
decrease in fiber weight after water deficit stress was overcome by all the formulations of
organic fertilizer; however, the OF4 was significantly more effective in the protection of
fiber weight from the damaging effects of water deficit stress.
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Fiber weight was decreased in all the three varieties of linseed upon exposure to wa-
ter deficit stress (Figure 14). Percent decrease in fiber weight due to water deficit stress 
was greater in BL1 (50.51%) than Roshni (37.67%) and Chandni (35.08%) as compared with 
their respective untreated and irrigated controls. Under non-stressed conditions, organic 
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Figure 13. Effect of organic fertilizers on fiber length of linseed under water stress conditions. Due to non-significant
variations in two years data, we pooled the data together. The different letters above the data columns indicate significant
differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer 2 (1 kg
seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg chicken
peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken peat + 0.5 kg
Moringa oleifera leaves).
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Figure 14. Effect of organic fertilizers on fiber weight per plant of linseed under water stress conditions. Due to non-
significant variations in two years data, we pooled the data together. The different letters above the data columns indicate
significant differences among the treatments. OF1—organic fertilizer 1 (1 kg seed cake of Eruca sativa), OF2—organic fertilizer
2 (1 kg seed cake of Eruca sativa + 1 kg chicken peat), OF3—organic fertilizer 3 (1 kg seed cake of Eruca sativa + 0.5 kg
chicken peat + 0.25 kg Moringa oleifera leaves), OF4—organic fertilizer 4 (1 kg seed cake of Eruca sativa + 0.250 kg chicken
peat + 0.5 kg Moringa oleifera leaves).
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3.5. Pearson Correlation for Growth Parameters of Linseed

Plant height exhibited significantly positive relationship with fiber length (r = 0.575),
fiber weight (r = 0.6061), seeds per capsule (r = 0.6444), number of capsules per plant
(r = 0.3979), number of tillers plant−1 (r = 0.62390), seed yield (r = 0.4937), straw yield
(r = 0.4297) and thousand seed weight (r = 0.7229). Seed yield had significantly positive
correlation with number of seeds per capsule (r = 0.3941), number of capsules per plant
(r = 0.5020), number of tillers per plant (r = 0.5323), straw yield (r = 0.8578) and 1000 seed
weight (r = 0.9290). Values of Pearson correlation revealed that correlation of fiber length
was significantly positive with fiber weight (r = 0.5329) (Table 3).

Table 3. Correlations of growth and yield parameters of Linseed.

Attributes FL FW NCP NSC NT PH RWC SY STY

FW 0.5329 **
NCP 0.589 ** 0.255 *
NSC 0.341 ** 0.429 ** 0.355 **
NT 0.691 ** 0.393 ** 0.723 ** 0.568 **
PH 0.576 ** 0.606 ** 0.398 ** 0.644 ** 0.624 **
RWC 0.005 −0.0195 0.153 0.1688 0.0511 0.082
SY 0.437 ** 0.2504 * 0.502 ** 0.394 ** 0.532 ** 0.444 ** 0.191
STY 0.515 ** 0.2501 * 0.616 ** 0.480 ** 0.616 ** 0.4297 ** 0.282 ** 0.858 **
1000 SW 0.428 ** 0.531 ** 0.226 * 0.379 ** 0.449 ** 0.723 ** −0.09 0.0095 0.041

Level of significance at 5% probability. * = significance at p < 0.05, highly significant ** = p < 0.01. FW: fiber weight, FL: fiber length, NSC:
number of seed per capsule, NCP: number of capsules per plant, NT: number of tillers, PH: plant height, RWC: relative water content, SY:
seed yield, STY: straw yield, 1000 SW: thousand seed weight.

4. Discussion

We characterized the various organic fertilizers for NPK content with varying values
of seed cake of Eruca sativa, chicken peat and M. oleifera leaves. Looking into NPK ratings
on organic fertilizers is an important indicator to decide whether the formulated organic
fertilizers are suitable or not for soil and plants [22]. Nitrogen is necessary for better plant
growth with healthy stems and leaves. Phosphorus is necessary for better establishment
of the root system. Whereas, potassium adds in better water flow inside the plants and
is necessary for flowering and fruit set [55,56]. In present study highest level of N was
recorded in OF4 whereas P and K content were higher in OF3. The variations in the content
of NPK among the formulated organic fertilizers may be due to alterations in the content
of chicken peat and M. oleifera leaves. The values of N, P and K were higher than those
reported by Eroa [22] for various formulations of organic fertilizers produced from Jatropha
curcas seeds and chicken manure. Maximum value of organic matter was recorded for OF3
followed by OF4. Organic matter plays an important role in the retention of soil moisture.
Soil enriched with organic matter has greater water retention potential [57,58].

We found that organic fertilizers OF2 and OF3 had higher EC values than OF1 and
OF4. Organic fertilizers of higher EC values may cause soil salinization if applied in larger
quantities [59]. Therefore, such organic fertilizers with high EC values may be used with
great care for preventing soil salinization [60].

Our studies pointed out that organic fertilizers improved soil fertility status, measured
as total soil N, available P, K, Zn and Fe contents after two months of their application.
Increase in soil total N due to application of organic fertilizers has been reported previously
by Angelova et al. [61]. Higher soil organic matter content and acidic pH favors the
availability of N for plants [62]. Improvement in soil P occurs due to the application of
organic compost [63] largely due to improved microbial activity [64]. Our synthesized
fertilizers OF3 and OF4 contained Moringa oleifera leaves along with E. sativa seed cake
and chicken peat. Organic fertilizers OF1 and OF2 did not contain Moringa oleifera leaves.
This has led us to the conclusion that addition of Moringa oleifera leaves has improved soil
fertility potential of the synthesized organic fertilizers.
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The organic fertilizers application increased soil EC by decreasing soil pH. Electrical
conductivity is used as an indicator of total soluble salts present in the soil medium and
gives information about salinity. Soils with EC values less than 1 ds/m are considered as
non-saline. Increase in EC value of soil causes a reduction in soil microbial activity and
nitrogen cycling [65]. The EC values of soil amended with organic fertilizers were lower
than EC range (750 to 3490 µS cm−1) determined for soil fertility status and plant [66].
However, our synthesized organic fertilizers improved soil EC values under normal growth
conditions. Increase in soil EC by organic fertilizers may be due to their high K+ content
and various inorganic N ions present in the seed cake of E. sativa, chicken peat and M.
oleifera. The decrease in soil pH due to organic fertilizers application can be explained
by the number of H+ ions added to the soil due to generation of inorganic acidic species
like HNO3 and H2SO4 during the decomposition of organic material [67]. Moreover, the
alterations in soil pH are linked with the rate of nitrification, organic acids production and
oxidation of various kinds of chemical species during decomposition of organic wastes [68].

In our study, the organic fertilizers prevented decrease in LRWC of linseed. The LRWC
is an important indicator of plant water status [69]. Water deficit stress results in a loss
of cell turgidity resulting in a decrease in gaseous exchange by closing of stomata. Our
findings established that organic fertilizers improved the water holding capacity of soil
which ultimately maintained normal water supply to plants under water deficit stress.
The variations in LRWC of linseed varieties may be due to differences in their genetic
makeup and resistance to water deficit stress. The organic fertilizers were rich in K, which
is necessary for normal water flow inside the plant body [56,70]. We found that water
deficit stress decreased plant height and number of tillers per plant. Water deficit stress
causes decrease in turgor of cell which leads to reduced cell division in growing regions
of plants [71]. However, the organic fertilizers minimized water deficit stress induced
decrease in plant height and production of tillers. This may be due to the fact that our
formulated organic fertilizers were rich in nitrogen and phosphorus. Presence of sufficient
amounts of nitrogen and phosphorus in soil results in taller and healthy plants [72].

In response to low soil moisture availability linseed plants produced high concen-
tration of phenolic compounds in roots and leaves. The plant roots and the microbial
community influence each other [73]. In the control and water stress treatments organic
fertilizers raised the phenolics level. Higher production of phenolic compounds is an
adaptive mechanism of plants to low soil moisture [74]. Phenolic compounds function as
antioxidants to stabilize reactive oxygen species and increase the thickness of cell walls
to prevent water loss from cells [30,75]. Beneficial effects of organic fertilizers on phenolic
compounds in plants have been reported [76]. Our proposed organic fertilizers OF3 and
OF4 have M. oleifera leaves as a component which is also reported for positive effects on
phenolic compounds in maize plants [77]. It is generally accepted that higher production
of phenolic compounds occur in water deficit conditions at the cost of photosynthates
which results in lower dry mass production of plants [78]. In our study, it was noted that
our proposed organic fertilizers not only improved the content of phenolics but also seed
and straw yield in linseed. This dual effect of organic fertilizers can be correlated to its
phytochemical’s makeup and their effect on endogenous hormones.

The yield parameters like number of capsules per plants, number of seeds capsule−1,
1000 seed weight and total seed yield was decreased by water deficit stress. Several authors
have reported yield lessening in linseed due to water stress [79,80]. Our formulated
organic fertilizers particularly OF3 and OF4 prevented losses in seed yield caused by water
stress. This may be credited to the fact that organic fertilizers improved not only water
holding capacity of soil but also improved total N, available P and K content of the soil.
Our formulated organic fertilizers improved seed length and width and thus resulted in
healthy seeds.

Reduction in straw yield of linseed varieties was recorded due to water deficit stress.
Dry season with decrease in irrigation intervals resulted in a reduction of straw yield in
linseed [81]. Our formulated organic fertilizers OF3 and OF4 prevented losses in straw
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yield due to water deficit stress. The higher straw yield in plots supplemented with
organic fertilizers may be partly accounted due to availability of sufficient soil moisture
and nitrogen content in such plots which resulted in secondary growth and biomass
partitioning in favor of stems [82]. Moreover, linseed is a crop in which the root system is
severely affected by water deficiency in soil and produces shallow roots [83].

Fiber quality measured as fiber length and weight was decreased by water deficit
stress. However, our prepared organic fertilizers not only improved fiber quality under non-
stress but also under water deficit stress. Decrease in fiber yield due to low availability of
soil moisture is common in linseed [84]. Organic fertilizers improved nitrogen, phosphorus
and potassium availability to the linseed plants which ultimately led to improved fiber
quality. The beneficial effect of the sufficient availability of soil nitrogen on fiber quality
and yield of linseed has been reported [85]. Kumar et al. [86] found encouraging effects of
vermicomposting on fiber length and weight of linseed.

5. Conclusions

Our prepared organic fertilizers particularly OF3 and OF4 were rich sources of NPK,
Zn, Fe and organic matter, improved soil fertility and resulted in a better establishment of
linseed crop. The water deficit stress has a reducing effect on linseed growth, yield and
fiber quality. It is worthy to note that our prepared organic fertilizers OF3 and OF4 were
highly and nearly equally effective in improving growth, yield and fiber quality of linseed
both under control and water stress environments. The potential of OF3 and OF4 as potent
nutrient careers can be explored to enhance and improve linseed production, soil nutrients
status and water retention capacity.
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