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ABSTRACT

A field experiment was conducted, during 2020 and 2021 growing seasons, on pepper plants (Capsicum
annuum L.), under net covered greenhouse conditions. Two factors were studied, (a) organic fertilizers and (b)
irrigation levels. The fertilization treatments were: the application of a half dose of mineral fertilizers combined
with different types of organic fertilizer i.e., compost, vermicompost and organic manure in rice straw; compared
with soil. The irrigation treatments were: three irrigation levels i.e., 70, 85 and 100 % based on reference
evapotranspiration (ETo). Both (a and b) factors were distributed in a complete randomized block design with
three replicates. Results indicated that both soil temperature and moisture were more suitable for plant growth in
rice straw after adding compost under 85% irrigation. Growth parameters (plant length, number of leaves, leaf
area, number of branches, stem diameters and fresh and dry weight of plants) were enhanced by using compost
under 85% irrigation level. The same trend was obtained in chemical composition of pepper plants i.e., chlorophyll,
N, P, K and vitamin C in fruits. The yield of fruits, in rice straw treatment with 85% irrigation level, combined with
compost, slightly increased compared with clay soil (control). Water productivity is considered water use
efficiency (WUE), was increased in irrigated rice straw, with compost as fertilizer, with 85% of ETo. The study
stated that, using affordable agriculture crop residues, as cultivation medium, plus organic fertilizers, instead of

mineral fertilizers, it achieved higher sustainable production of green pepper.
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INTRODUCTION

Sustainable agriculture concerned with three main
goals i.e., environmental health, economic profitability and
social equity. The Farm to Fork Strategy aims to accelerate
our transition to a sustainable food system (Schebesta et al,
2020). The increases in agricultural production over recent
decades depended mainly on mineral fertilizers. In addition,
subsidy schemes have made mineral fertilizers much cheaper
in many developing countries trying to improve food security.
So far, the focus on nitrous oxide (N2O) emissions and their
impact on climate change, insufficient attention has been paid
to the adverse effects on the soil and the environment, which
resulted from improper use of mineral and unsuitable
fertilizers. (FAO, 2015).

Egypt produces between 30 and 35 million tons of
agricultural waste annually, of which only 7 million tons are
used as animal feed and 4 million as organic manure. After
harvest, these crops produce leaves, stems, and shelves, which
are classified as coarse (and large) plant by products with low
chemical protein and fat levels. It also contains a lot of lignin
and cellulous material. (Abou Hussein and Sawan 2010). The
contents of rice straw's lignin, hemicellulose and cellulose
were about 12%, 28% and 60%, respectively (Stahl and
Ramadan 2007).

By enhancing the moisture-retention capacity of the
soil, organic matter in the soil controls the flow of water and
supplies vital nutrients to plants and bacteria. (Liu, et al., 2021).
On the other hand, human use of herbicides results in a drop in
soil water content, which happens more quickly in places with
less vegetation. Additionally, soil organic matter enhances and
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regulates the stability of the soil structure and the quantity of
necessary aggregates. Regarding the link between soil
microorganisms and agricultural productivity, nutrient cycling
is a crucial component, and the number of soil bacteria has a
significant impact on the turnover of organic matter. (Chen, et
al., 2019 & Haq, et al., 2021). The application of organic
manure contributes significantly to the enhancement of the
biological, physical, and chemical properties of soil, the
maintenance of agricultural yield, and soil biodiversity (Ou-
Zine et al., 2021, Pifiar et al., 2021, Cano-Ortiz et al., 2021)

In many parts of the world, water for agriculture is in short
supply and/or its getting worse. Overdraft of groundwater results
in disturbance of key riparian zones, while overdraft of surface
water supplies threatens future irrigation capacity. Water can be
used more effectively in sustainable agriculture ecosystems by
managing soils and crops to prevent water loss and using reduced-
volume irrigation systems. Abdel-Sattar (2004 & 2005)
published a new technique, for the first time in Egypt, for growing
some vegetable crops, such as cucumber, tomato, pepper, melon
and strawberry, in greenhouse and open field on compacted rice
straw bales, using only dissolved fertilizers.

The present research deals with the possibility of
using rice straw residue as an alternative cultivation medium,
instead of traditional soils, to improve the productivity of
green pepper plants, in order to escape the problems inherent
in the natural soils.

Hassan, (1988), used straw substrate of wheat and barley
for cucumber and tomato under greenhouses in some European
and Arab countries. Choe, et al. (1991), studied the effect of rice
straw treatment to improved soil characters for growing green
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pepper, under greenhouse conditions. The application of
quality irrigation water and organic manure fertilizers
improved soil properties, such as water holding capacity and
soil microbial biomass C: N: P under stress climatic
conditions (Bhanwaria et al., 2022).

Vermicompost enhanced the growth and yield
performance of pepper plants, followed by poultry manure,
over control and FYM. Chemical fertilizers, however, had
similar yield as the previous mentioned treatments, but was
slow in its flowering and fruiting behavior (Adhikari et al.,
2016 & Khandekar et al., 2017).

The aim of the present work is to study some
affordable sustainable agriculture methods, using domestic
residues of agricultural crops, such as paddy rice straw and
different kinds of organic fertilizers, to improve green pepper
productivity. In addition, measuring water consumptions, for
these cultivation mediums, will help in reducing both water
and nutrients leaching, with the result of alleviating the
negative impacts of future climate changes on agriculture
production.

MATERIALS AND METHODS

Experimental layout:

Field experiments were conducted, to improve the
productivity of green pepper (Capsicum annuum L., Super
Noura F1 hybrid), in the summer seasons of 2020 and 2021,
at EI-Dokki experimental station, Central Laboratory for
Agricultural Climate (CLAC). Pepper seeds were sown in the
nursery on February 15 and transplanted, after 45 days (four-
leaf stage), on 1% of April for the two growing seasons under
greenhouse conditions. The spacing between rows was 0.75
m and between plants was 0.5 m. The area of greenhouse is
360 m? (9 m x 40 m) covered with screen net. The cultivation
area was divided into five equal parts; each part was 40 m?
(Im width x 40 m length). Three parts were selected, each
divided into four equal area (1m width x 10m length). Three
parts were dug to create ditches with 0.5 m depth. Ditches
were covered with black plastic mulch and filled with
separated rice straw bales. The fourth part of each area was
left to make raised bed (Im width x 10m length) for the
control treatment.

Preparation of rice straw bales

Straw bales were first irrigated for six hours to wash
soil particles, and then the dissolved fertilizers ammonium
and potassium sulphate and phosphoric acid 85 % were
injected daily through the irrigation system, 10-12 days before
planting for rice straw fermentation. A half dose (50%) of
chemical fertilizers was added to each rice straw treatments
combined with the double amount (1.4 m?) of used organic
fertilizer, vermicompost, compost and organic manure,
respectively, also were added to the rice straw substrate plots
two weeks before transplanting.

Experimental treatments
Fertilization treatments

Four different fertilization treatments were used as
follows:

1- Rice straw + 50% chemical fertilizers + vermicompost.

2- Rice straw + 50% chemical fertilizers + compost.

3- Rice straw + 50% chemical fertilizers + organic manure.

4- Control treatment (clay soil +100% chemical fertilizers +
50% organic manure).

The chemical fertilizers mixture was 10 Kg calcium
super phosphate + 3.5 Kg ammonium sulphate + 6.5 Kg
calcium sulphate + 6.5 Kg potassium sulphate. Organic
manure was added to the clay soil, two weeks before
transplanting, at the rate of 0.7 m? (Technical Bulletin, 2016).

The chemical analysis estimates of the experimental
site soil, of the rice straw and of the different organic
fertilizers, are presented in Tables (1, 2 and 3), respectively,
according to A.0.A.C., (2005).

Table 1. Characteristics of the soil of experimental site.

Particle size EC CaCO3 OM

distribution Texture  pH 45m) “©6) (%)

Silt Clay  Sandy clay

167 2% loam 82 24 16.0 0.35
Soluble cations and anions (soil paste ext.) (meg/l)

Cat++ Mg++ Na+ K+ CI- HCO3-

6.0 3.0 20.1 12 130 2.6

Table 2. Characteristics of the rice straw substrate of the

experiment.

Moisture C/N EC Ashe Protein N P K Cellulose Lignin
(%) ratio dS/m (%) (%) % % % (%) (%)
84 6125 23 193 53 080604 35 122

Table 3. Characteristics of organic manure, compost and
vermicompost were used in the experiment.

Organic EC pH Total N P K CIN
fertilizer (dS/m) (1:25) C (%) (%) (%) (%) ratio
Organic manure  1.50 772 325 171 0.65 2.81 19.01
Compost 365 716 205 242 074 126 85
Vermicompost 6.88 756 173 350 0.85 152 49
Irrigation treatments:

Three irrigation levels were applied (70, 85 and 100
%) based on reference evapotranspiration (ETo) under
greenhouse conditions.

Estimation of irrigation requirements:

The values of evapotranspiration during the growing
season of pepper plant (from April to September) were
provided by the meteorological station of the Central
Laboratory for Agricultural Climate (CLAC) under open field
conditions. Then, the evapotranspiration under greenhouse
estimated according to (Abou-Hadid and El-Beltagy, 1992).
As follow:

ETGH=0.7xETo

Where:
ETGH = the evapotranspiration under greenhouse conditions, mm/day
ETo = the evapotranspiration in the open field conditions, mm/day

Drip irrigation system was used for irrigation,
according to the evapotranspiration (ETc) values and soil
water balance (Doorenos and Pruitt, 1977) as follow:

ETc=ETGH xKc

Where:
ETc = the water requirements for pepper plant under
greenhouse conditions, mm day-1
ETGH = the evapotranspiration under greenhouse conditions,

mm day-1
Kc = the crop coefficient for pepper plant

The Kc was used according to FAQ, (1998); the Kc
values were varied throughout different plant growth stages
and increased from 0.5 up to 1.1 from transplanting to the
beginning of fruit harvest, then decreased again from 1.1 to
0.8 at the end of the growing season. The different irrigation
requirements for each treatment was calculated according to
FAQO, (1998). Drip irrigation, consisted of disk filter, flow
meter, fertilizer units, PE valves, sub main PV/C line 63 mm,
and 16 mm PE lateral (GR 41/ h), and used from April 1st up
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to the end of the growing season. The total amount of drip
irrigation was estimated by water meter for each treatment
and the total amount of each irrigation treatment is presented
in Table 4.

Table 4. Seasonal irrigation volume for each irrigation

treatment:

Period 70%ETo 85%ETo 100%ETo
April 13230 16065 18900
May 21410 25998 30586
June 29946 36363 42780
July 36560 44394 52229
August 41987 50984 59982
September 32371 39308 46244
Total (L/ GH) 175504 213112 250720
Total (m¥ GH) 176 213 251

Weather conditions:

The following meteorological variables were recorded
daily during the growing seasons of 2020 and 2021; maximum
and minimum air temperature (°C), air relative humidity (%),
and evapotranspiration (ET0), using a meteorological station
(Digital thermo /hygrometer Art. No. 30.5000/30.5002,
Produced by TFA, Germany), located at the CLAC Dokki
experimental site, and the data are presented in Table 5.

Table 5. Meteorological data during 2020 and 2021
growing seasons under greenhouse conditions.

2020 2021

T T ETo T T ETo
Mortth max min (Fé/'_; (mm max min (Fé/'_; (mm

(C) (0C) ‘" day-1) (0€) (0C) ‘¥ day-1)
April 276 154 558 389 296 150 480 4.03
May 330 194 473 467 348 210 436 469
June 355 219 488 468 347 225 512 528
July 36.7 241 605 413 36,6 252 539 513
Aug. 365 250 598 432 370 255 560 4.68
Sept. 352 252 629 433 340 234 565 366
Recorded data

During the two growing seasons, the average soil
temperature (°C) was calculated at a depth of 20 cm and in the
rice straw medium for all treatments. In addition, the soil
moisture (%) was estimated under different irrigation levels
and organic fertilizer applications, during both growing
seasons, using digital thermo/hygrometer (Art. No.
30.5000/30.5002, Produced by TFA, Germany).

Regarding growth parameters, a sample of three
pepper plants from each replicate in different treatments were
collected, after 60 days from transplanting, to determine the
following characteristics: plant length, number of leaves, stem
diameter, leaf area, number of branches, fresh and dry weight
of plant and chlorophyll reading (SPAD). The total fruit yield
per square meter was estimated in both growing seasons.

2020
a0.0
38.0
36.0
34.0
120
0.0
280
26.0
24.0
220
200

Sail temperature (*C)

April May June July August Sept.

5 OM+R C+R VC+R

Vitamin C (ascorbic acid) (mg / 100 cm3 juice), was
determined in the fresh fruits using the 2, 6 di-chlorophenol
indophenol method described in A. O. A. C. (1990). The N, P
and K percentages were determined in leaf samples after
drying at 70 oC, in an air forced oven, for 48 hours. Dried
leaves were digested in H2SO4 and the following mineral
contents were estimated: phosphorous, potassium in the acid
digested solution by Colorimetric method, Ammonium
molybdate by Spectrophotometer and Flame Photometer
(Chapman and Pratt, 1961. Total nitrogen was determined by
Kjeldahl method according to the procedure described by
FAO, (1980).

Water use efficiency (WUE):

According to Srinivas et al. (1989), water use
efficiency was calculated, for fresh yield of pepper fruits for
different treatments using the following equation:

WUE = Total yield (Kg) / Total water consumption (m3)
Data analysis:

All data were subjected to statistical analysis using
ANOVA test, reported by Snedecor and Cochran, (1989).
The means were compared statistically using Duncan’s
multiple range test at 5% level of probability in both seasons
of experimentation.

RESULTS AND DISCUSSION

Results
Climatic Data:
Root zone temperature (°C)

Results in Figure 1, presented the effect of different
organic fertilizers in root zone, in conventional soil as well as
in rice straw. Soil and rice straw cultivated medium
temperature were low at beginning of the growing season in
April. Then, root zone temperature for clay soil and rice straw
increased from May to August and decreased again from
September to the end of the growing season. However, at the
beginning of the season root zone temperature was higher
than rice straw temperature, then increased in rice straw
treatments from mid-season compared with the temperature
in conventional soil. The application of different organic
fertilizers enhanced the values of root zone temperature.
Applying organic fertilizer rice straw caused higher rate of
root zone temperature than the control. The application of
organic manure to rice straw increased temperature followed
by compost and then vermicompost in both growing seasons.
At the end of the growing seasons the clay soil temperature
was higher than rice straw temperature with all other organic
fertilizer treatments.

2021

40.0
38.0
36.0
34.0
32.0
30.0
28.0
26.0
24.0
220
20.0

Soil temperature [*C)

April May June July August Sept.

s OM+R C+R VC+R

S control- OM+R: organic manure+ rice straw- C+R: compost+ rice straw- VC+R: vermicompost+ rice straw

Figure 1. Effect of organic fertilizers on root zone temperature (°C) during 2020 and 2021 growing seasons.
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Moisture content (%0)

Figure 2 shows the effect of different organic
fertilizers on root zone moisture contents (%) in both growing
seasons. At the start of the growth season, the root zone
moisture in the clay soil was better than in the rice straw. The
root zone moisture content increased with plant growth in all
treatments. At the mid of the growing season the moisture
content were static, after that were decreased at the end of the

2020
45.0
40.0
35.0
30.0
25.0
200
15.0

Moisture content (%)

10.0
5.0

0.0

April May June July August  Sept.

5 OM+R C+R VC+R

season. In addition, the treatments with organic fertilizers
increased moisture content in the rice straw medium.
Moisture contents of rice straw were enhanced by applying
the different organic fertilizers. The average root zone
moisture content were 42, 36 and 31 % for Vermicompost,
compost and organic manure, respectively, in the two
growing seasons.

2021

45.0

40.0
__ 350
£ 30.0
= .
2 250
3
@ 20.0
2
-‘é 15.0

10.0

5.0

0.0

April May June July August Sept.
5 OM+R C+R VC+R

S: control - OM+R: organic manure+ rice straw- C+R: compost+ rice straw- VC+R: vermicompost+ rice straw

Figure 2. Effect of organic fertilizers on root zone Moisture contents (%) during 2020 and 2021 growing seasons.

Vegetative growth:

Data in Tables 6 &7 presented the effect of irrigation
level, organic fertilizers and their interactions on the growth
characters of pepper plants. Concerning the effect of
irrigation, level 85% of ETo gave the highest values of growth
parameters i.e., plant height, stem diameter, no. of branches,
no. of leaves, leaf area and plant fresh weight in both growing
seasons. While, 100% ETo treatment came in the second
rank, whereas, 70% irrigation level presented the worst values
in both rice straw and clay soil treatments. Regarding the
organic fertilizers, the application of compost with rice straw
gave the highest increments followed by cultivation in clay
soil (control). The lowest values obtained using
vermicompost with rice straw in both growing seasons. The
interaction between fertilizers and irrigation, the highest
values of growth parameters were obtained by use of 85% of
irrigation level with compost in rice straw, followed by 85%
irrigation level in clay soil. In the contrary, the application of
70% irrigation level with vermicompost gave the lowest
values for growth parameters in both growing seasons.

Nutrients content (%b)

The presented results in Table 8 obtained the effect of
irrigation levels, organic fertilizers as well as the interaction
between them on the nutrient contents (N, P and K) in plant
leaves during the growing seasons of 2020 and 2021. The
irrigation level of 85% ETo resulted in the highest
concentration of N, P and K in plant leaves during both
growing seasons. Regarding the effect of organic fertilizer,
the compost application in rice straw medium provided the
highest values of nitrogen, phosphor and potassium in the
leaves, followed by clay soil. Whereas, the lowest nutrient
contents in plant leaves obtained using the vermicompost in
rice straw medium. Regarding the interaction between
irrigation levels and organic fertilizer applications, nutrients
content (%) in leaves increased using 85% irrigation level
when combined with compost. On the contrary, irrigation
level of 70%, when combined with vermicompost in rice
straw, gave the lowest concentration of nitrogen, phosphor
and potassium in plant leaves, during 2020 and 2021 seasons.

Table 6. Effect of irrigation levels and organic fertilizers on plant height, stem diameter and leaves fresh weight in 2020

and 2021 seasons.

2020
Plant height (cm) Stem diameter(cm) Plant fresh weight (g/plant)

op L Db 8 A% ey 0% 8% 106 nean 7096 EToss%ETo 12970 Mean
VC+R 68.4j 919d  80.8g 804D 76d 124a  108b 102D 48601 6859d 5854h 585.8D
CO+R 774h 1084a 1018 958A 103b 136a 13.1la 123A 55221 7529a 7352b  680.1A
OM+R 712i 88.7e 83.4f 81.1C 89c 118p 112b 106C 5034k 668.0e 61559 595.6C
C 75.3h  97.2¢c 85.4f 86.0B 102b 129a 11.4b 115B 5331 7069c 642.7f 627.6B
Mean 731C  965A 879B 92C 126A 116C 518.7C 703.4A 644.7B

2021
VC+R 675 ~913d 799g 795C  7.0d 12.1a 9.8b 9.6C 479.71 684.7d 583.8k 582.7D
CO+R 76.3h 1083a 101.1b 952A 98b  128a 122a 116A 551.7i 7523a 7338b 679.3A
OM+R 7081  87.6e 82.2f  80.2C 81c 110b  10.0b 9.7C 5034k 6669e 613.1f 594.5C
C 740h  96.0c 84.3f  84.8B 9% 116a 103b 106B 5316] 7044c 64191 626.0B
Mean 721C  958A 79.9B 87C 119A 10.6B 516.6C 702.1A 643.2B

Irrigation level = IL, Organic fertilizer = OF, Vermicompost + rice straw = VC+R, Compost + Rice straw = CO+R, Organic manure + Rice straw =

OM+R and Control (Soil) =C
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Table 7. Effect of irrigation levels and organic fertilizers on no. of leaves, leaf area (cm2) and no. of branches in 2020

and 2021 seasons.
2020
No. of leaves / plant Leaf area (cn?) No. of branches / plant
70% 85% 100% 70% 85% 100% 70% 85%  100%

OF L ETo ETo  ETo  MeM  Ery  ETo  ETo  MeN ETo  ETo  ETo  Mean
VC+R 2322 3254d 2658h 2745C 13321 1553d 1452h 1446D 4.7e 8.7c 6.3d 6.6C
CO+R 253.1i 376.6a 354.1b 3279A 1410i 1623a 159.8b 1544A 5.7d 11.7a 10.7b 9.3A
OM+R 24341 3044e 2743g 2740C 1351k 1529¢ 14909 1457C 5.3d 8.3c 6.7d 6.8C
C 24831 347.1c 2845f 2933B 138.0] 158.0c 1509f 1489B 50d 9.7b 7.0c 7.2B
Mean 244.2C  3384A 294.7B 136.8C  157.1A 151.2B 52C 9.6A 7.71B

2021
VvC 2311 3244d 26459 273.3C 1314k 1543d 1438y 1432D 4.3d 8.0b 6.3c 6.2C
CcO 251.3h 3756a 3535b 3268A 1395h 1614a 159.0b 1533A 6.0c 107a  9.0b 8.6A
oM 24221 303.1e 2729f 2727C 134.1] 1516e 1480f 1446C 53c 7.7b 6.7bc 6.6C
C 247.6h 3458c 2835¢ 2923B 137.0i 156.6c 1499f 1478B 57c 8.3b 7.0b 7.0B
Mean 243.1C  337.2A 293.6B 1355C 156.0A 150.2B 5.3C 8.7A 7.3B

Irrigation level = IL, Organic fertilizer = OF, Vermicompost + rice straw = VC+R, Compost + Rice straw = CO+R, Organic manure + Rice straw =

OM+R and Control (Soil)=C

Table 8. Effect of irrigation levels and organic fertilizers on leave nutrient content percentages of N, P and k in 2020

and 2021 seasons.

2020
N% P% K%
70% 859  100% 70%  85%  100% 70% 100%
OF L E1y ETo ETo M ETg  ETo ETo Mean  prg 85%ETO “gpy Mean
VCiR 780  39ab 223c 30D 036i 060c 0459 047D 170y 279  212d  220C
CO+R 31b  46la 4352 40A 045 071a 0660b 061A 198d 312a 294  268A
OM+R 280 37b 334  33C  03%h 0560 0488f 048C  178f 260ab 217c 218D
C 253c 4la 353 34B 043y 062 052 0528 185 280a  238c  234B
Mean 28C  41A  34B 041C  062A 053B 183C  283A  240B
2021
VCHR 26c 3% 275 31D 035 059c 045¢ 046D 163d 274b 2050  214B
CO+R 31d 44la 426b 39A 044y 07la 0650 060A 192c 3208 276b  263A
OM+R 28e  36c 327c 32C 039 055 048f 048C 164d 230b 202  199C
C 25le  40b 349 338  042h 06lc 05le 051B 174c 2450 212  210B
Mean 28C  40A  34B 040C 0628  052A 173C  267A  224B

Irrigation level = IL, Organic fertilizer = OF, Vermicompost + rice straw = VC+R, Compost + Rice straw = CO+R, Organic manure + Rice straw =

OM+R and Control (Soil)=C
Chemical composition

Some chemical parameters for pepper plants were
measured and data are showen in Table (9). The dry matter of
plants were increased by using irrigation level at 85% ETo in the
rice straw medium, followed by using 85% of irrigation level in
the clay soil. On the contrary, the dry matter of plant was
decreased by using 70% ETo irrigation level in the two seasons.
Dry matter also enhanced by using compost fertilizer in rice straw
medium compared with other organic fertilizers. The use of
vermicompost in the rice straw resulted the lowest amount of dry
matter in the two seasons. Thus, using 85% of irrigation level
combined with compost in rice straw gave the highest amount of
dry matter for pepper plant compared with the other treatments.
Chlorophyll reading (SPAD) for plant leaves was enhanced

when the 85% irrigation level was applied and decreased by
reducing irrigation level up to 70% ETo. Besides, the compost
application with rice straw was the best treatment, which resulted
in the highest chlorophyll reading. The interaction between 85%
irrigation level and compost application was the best treatment
for chlorophyll content. Vitamin C, ascorbic acid is a quality
parameter in pepper fruits. Data in Table 9 clears that irrigation
level 85% ETo enhanced the content of vitamin C in pepper
fruits, while 70% irrigation level decreased the content of vitamin
C, in both growing seasons. Application of compost in rice straw
as well as cultivation in soil gave the highest values of vitamin C,
respectively. The lowest values of vitamin C were obtained using
vermicompost in rice straw, as well as the lowest irrigation level
of 70% ETo in the two seasons.

Table 9. Effect of irrigation levels and organic fertilizers on leaves dry weight (g), chlorophyll SPAD and vitamin C (mg

/100 g F.W) in 2020 and 2021 seasons.

2020
Plant dry matter (g / plant) Chlorophyll SPAD Vitamin C mg/100g
70% 85%  100% 70% 85% 100% 70% 85% 100%
OF IL ETo ETo ETo M E1s  ETo  ETo M g1 ETo  ETo  Mean
VC+R 55.0i 888c 774ef 737C 5853f 6740b 64.27c 6340D 137.1f 147.1b 1422d 142.7C
CO+R 650g 1106a 1052b 936A 6251d 7050a 70.13a 67.72A 141.1d 1521a 1487b  147.3A
OM+R 56.7i  86.4c T77.5e 735C 59.10f 6750b 66.23b 64.28C 139.1e 1449c 1438c 142.6C
C 60.5h 108.0a 8l2d 833B 6043e 6940a 66.70b 6551B 141.1d 1475b 1442c 144.3B
Mean 59.3C 984A 85.3B 60.15C 68.70A  66.83B 137.1f  1471b  1422d  1427C
2021
VC+R 5419 88.4d 76.79 73.1C 5827e 66.53b 63.67c 6282D 133.00f 145.77b 14150d 140.09D
CO+R 63.9h 1095a 1032c 922A 61.37d 69.97a 6940a 66.91A 14043d 150.63a 147.77b 146.28A
OM+R 56.1g 86.le 76.79 73.0C 5867 67.03b 6553b 63.74C 137.73e 14353c 142.93c 141.40C
C 61.7h 1057b  81.1f 828B 59.74e 68.47a 6587b 64.69B 141.43d 146.60b 143.20c 143.74B
Mean 59.0C 974A 844B 59.51C 68.00A 66.12B 133.0C 1458A 1439B

Irrigation level = IL, Organic fertilizer = OF, Vermicompost + rice straw = VC+R, Compost + Rice straw = CO+R, Organic manure + Rice straw =

OM+R and Control (Soil)=C

159



Mona A. M. Ali et al.

Fruityield

Data in Figure (3) present the effect of irrigation
levels, organic fertilizers and their interactions on pepper fruit
yields. Generally, irrigation level of 85% ETo increased total
yield / m2, whereas, fruit yields decreased when using 70%
ETo irrigation level, in both growing seasons. Regarding the
effect of organic fertilizers, using compost with rice straw

cultivated medium gave the highest yield followed by
cultivation in the clay soil (control), whereas, the lowest yield
was obtained from using vermicompost in rice straw medium
during both growing seasons. The highest yield obtained
using 85% ETo, with compost, as an organic fertilizer. On the
contrary, yield was decreased when 70% ETo irrigation level
was combined with vermicompost in both seasons.
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Figure 3. Effect of different irrigation levels and organic fertilizers on total fruit yield (Kg/ m?) in 2020 and 2022 seasons

Water use efficiency (WUE)

Water use efficiency (WUE) affected by different
irrigation levels as well as by organic fertilizers, as shown in
Figure (4). In the 2020 and 2021 growing seasons, 85% ETo
improved WUE for pepper planted in rice straw as well as
clay soil. On the contrary, irrigation at 100% ETo level
decreased the value of WUE, while irrigation level of 70%
ETo presented the worst values of WUE, in the both seasons.
Regarding organic fertilizers, compost was the best treatment
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which gave the highest value of WUE followed by cultivation
in clay soil. Whereas, using vermicompost led to decrease
WUE in all treatments, during 2020 and 2021 growing
seasons. Concerning the interaction between irrigation and
organic fertilization, the best value of WUE obtained by using
85% ETo level, when combined with compost application in
the rice straw medium. In contrast, using 70% ETo combined
with vermicompost application resulted in the lowest WUE
values in both seasons.

4.50
4.00
3.50
"‘E 3.00
250
g
= 2.00
5
z 1.50
1.00
0.50 I
0.00
Vermi Compast Organic Control
n70%ETo n85% ETo 100% ETa

Figure 4. Effect of different irrigation levels and organic fertilizers on water use efficiency (WUE) (Kg/ m?®) in 2020 and

2021 seasons

Discussion

Currently, affordable sustainable agriculture methods,
using domestic residues of agricultural sector, became a
necessary target for the improvement of agricultural crop
production. In addition, rationalizing water consumption, for
alternative cultivation medium, should reduce both water and
nutrients leaching, which may lead to the reduction of the
negative impacts of future climate change on the
environment. Temperature and soil moisture depend on soil
properties, as well as the amount of water applied. In this
regard, rice straw as a cultivation medium led to the decrease

of soil temperature and soil moisture, compared to clay soil.
However, clay soil is rich in microorganism and organic
matter, when compared to rice straws. Therefore, the
enrichment of rice straw, by some organic fertilizers, in this
study, led to the increase in medium temperature and
moisture. On the other hand, using adequate amount of water
led to enhanced both soil moisture and temperature. These
results are matched with those of Abdel — Sattar, (2004 &
2005); Stahl & Ramadan, (2007); Chen, et al., (2019) and
Hag, et al., (2021).
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The Enhancement of vegetative growth parameters
was due to the improvement in soil properties, such as water
holding capacity and soil temperature, through the use of both
suitable organic fertilizers and suitable irrigation levels, which
led to the creation of a suitable conditions surrounding the root
zone of pepper plants (Choe et al., 1991; Abdel-Sattar, 2004
& 2005 and Bhanwaria et al., 2022).

Increasing nutrient and chemical components in
pepper plants were due to the suitable conditions around the
root zone that enhanced absorption and accumulation of these
components in plant parts (Ou-Zine et al., 2021; Pifiar et al.,
2021 and Cano-Ortiz et al., 2021).

Water use efficiency (WUE) is an indicator of
irrigation water productivity. It is a ratio between how much
water were used in irrigation and the quantity of produced
yield. So, the more irrigation water applied, the more WUE
values decreased. Thus, the application of adequate amount
of irrigation water increases water productivity. On the other
hand, the soil conditioner material, such as organic fertilizers,
enhanced soil properties and led to increasing WUE in the
organic manure, compost and vermicompost treatments
medium irrigation level. Opposite results were obtained when
using either high or low amount of irrigation water and gave
lower value of WUE. These results are in agreement with
those of Salama & Mohammedien, (1996).

Crop yield is the net output of crop production and
considered to be the final response of plant growth, nutrients
content and different biological processes in plant. Thus, the
enhancement of different plant growth characteristics
reflexing to the increasing of total yield of plant (Adhikari et
al., 2016 & Khandekar et al., 2017). Therefore, this study
recommended that the yield of pepper fruits were increased
when an adequate level of irrigation water (85%) was
combined with application of compost in the rice straw
medium, due to the enhancement of all previous studied
characteristics

CONCLUSION
Sustainability is maximizing the utilization of
available natural resources. Sustainable agricultural

production may be achieved by reusing and recycling some
of agricultural residues as well as reducing the use of synthetic
fertilizers. Therefore, using organic fertilizers, instead of
chemical fertilizers, reduce harm impacts of emissions on the
environment. This study has investigated the effect of using
one of the biggest crop residues in Egypt, rice straw, as a
cultivation medium, with organic fertilizers i.e., organic
manure, compost and vermicompost; to enhance the
properties of this medium. On the other hands, irrigation
management and rationalization of water use in agriculture
became an urgent necessity because of the water scarcity
conditions in the world. According to the study, using rice
straws with compost as organic fertilizer, combined with the
appropriate amount of irrigation water, resulted in the highest
pepper yield as well as the highest water use efficiency for
pepper production under greenhouse conditions.
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