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ABSTRACT

Water considers the most important component of life, it is rapidly
becoming a critically short commodity for humans and crop production.
Drought is one of the major a biotic stresses in agriculture worldwide. In order
to study the effect of water stress (skipping one irrigation at vegetative,
flowering and fruits formation growth stages) in comparison with traditional
irrigation in addition to foliar application of chelated iron , zinc , manganese
and their combination on growth , productivity of dark roselle (Hibiscus
sabdariffa, L.) plants and some water relations under surface irrigation
system. Two field experiments were conducted at the Experimental Farm of
Sakha Horticulture Research Station, Kafr EI-Sheikh Governorate during the
summer seasons of 2014 and 2015. The results revealed that skipping one
irrigation at any of the three studied stages significantly reduced all the tested
growth parameters and yield production as compared with unstressed plants
(control). However, subjecting roselle plants to water stress at flowering stage
had the most negative effect on growth parameters and yield production. On
the other hand, water stress had a stimulating effect on chemical composition
(total anthocyanin, T.S.S, acidity%, pH and T.S.S acidity ratio). The present
study also indicated that foliar application of chelated Fe ,Zn, Mn and
combination among them had a positive effect on growth parameters, yield
and chemical composition but chelated Zn application surpassed the other
nutrients in counteracted the deleterious effects of stress on chemical
composition. Application of chelated Fe+ Zn + Mn showed the significant
increasing in calyxes vyield/fed, fibers yield/fed and seeds yield/fed. Also, the
highest overall mean values for seasonal amount of water applied,
consumptive use, water productivity and productivity of irrigation water for all
plant organs were recorded under traditional irrigation. Meanwhile, the lowest
overall mean values were recorded under water stress treatments and the
amount of water saving is 8.89%. Concerning, micronutrients as foliar
application, the highest overall mean values were recorded under application
of chelated (Fe+Zn+Mn) in comparison with non-application and application
every nutrient as alone. Regarding, consumptive use efficiency, the highest
mean values were recorded under skipping one irrigation at vegetative growth
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stage, but the lowest were recorded under traditional irrigation. Also, the
highest values were recorded under foliar application treatment (Fe+Zn+Mn)
comparing with non- application and application every nutrient as alone .This
study can be concluded that skipping one irrigation at vegetative growth stage
when cultivated roselle plants under studying region with chelated ( Fe+ Zn+
Mn) foliar application which counteracted the deleterious effects of stress and
chelated Zn foliar application only to increase chemical component
.Nevertheless, reduction in yield offset saving nearly 9% of water applied.

Key wards: roselle , water stress, iron, zinc ,manganese , foliar
application
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INTRODUCTION

Roselle, Hibiscus sabdariffa, L (Karkadeih) is an annual or
perennial bushy sub shrub, about 5-8 feet height, with branched, erect,
smooth and often purplish stem, belonging to Family Malvaceae . This
plant is indigenous to tropic Africa (Kirby, 1963) . It is widely cultivated
in Egypt, China and Thailand for different purposes. The plant parts
including seeds, leaves, fruits and roots are used in various foods such
as wine, juice, jam, jelly, syrup gelatin, pudding, cake, ice cream, tea,
spice and other desserts. roselle is a good source of natural
antioxidants (protocatechuic acid and anthocyanins) that protect the
body from damage by free radicals and lipid. (Ali et al., 2005). It is
used for the treatment of several ailments, including high blood
pressure, liver diseases, fever, urinary tract infection, pain of the
muscles of the uterus and intestine (Herrera-Arellano et al., 2004).
Environmental stresses such as water and nutrition deficiency are the
most important factors that limit plant growth and productivity in arid
and semi-arid regions. Most of agricultural areas in the world suffer
from low water supply and irTraditional distribution of rainfall during the
growing season, so some resident crops and cultivars are used.
Drought tolerance can be defined as the ability of plants to grow
sufficiently and produce high yield even when exposed to water stress
(Bagci et al., 2007). Due to drought and competing water demands in
Egypt have put enormous pressure on irrigation water .Conserve both
the quality and quantity of water appropriate strategies will have to be
developed to avoid the risk of future water supplies. Reducing irrigation
water is to employ practices that improve water productivity (crop yield
per unit volume of water used) Maheshwari and Grewal (2009) .
However, the world population is expanding rapidly and is expected to
be around 8 billion by the year 2025 (Pinstrup-Andersen et al., 1999)
It affects nearly all the plant growth processes. However, the stress
response upon the intensity, rate and duration of exposure and the
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stage of crop growth (Wajid, et al 2004). Identification of the critical
irrigation timing and scheduling of irrigation based on a timely and
accurate basis to the crop is the key to conserving water and
improving irrigation performance and sustainability of irrigated
agriculture (Ngouajio et al., 2007)

Increasing crop tolerance to water limitation would be the
most economical approach to enhance productivity and reduce
agricultural  use of fresh water resources (Gao,et al
2008).When considering a watering regime for a crop, it is wise
to understand the sensitive growth stages for water stress and
the water requirements of the crop in order to achieve
maximum yield and maintaining adequate soil moisture
conditions during moisture-sensitive stages of growth, so
irrigation water may be saved if soil water(Thalooth, et
al.2006). Abiotic stress especially Water stress represents an
oxidative stress and Kkills plants by inducing production of ROS,
especially during photosynthesis and enzyme activity (
Hajlaoui, et al., 2010). Currently, foliar-applied nutrients have
limited direct use for enhancement of stress resistance
mechanisms in field crops. Nevertheless, the interactions
between plant nutrient levels and stress repair mechanisms are
now being studied (Lavon, et al 1999). Micronutrients spraying
led to increasing macro and micronutrients uptake as a result of
improving root growth which consequently led to greater
absorbing surface (Abdalla et al., 1992). Zinc (Zn), iron (Fe)
and manganese (Mn) deficiency are common nutrient problem
in crop production in arid and semi-arid regions where always
soil pH is high and organic matter is low (Hajlaoui et al., 2010).
Some reports suggest that the secondary metabolites of
medicinal plants can be improved by foliar application of
micronutrients  (Zehtab-Salmasi et al, 2008). In the cited
literature, no works on the effects of water stress on roselle
plants under Northern Middle Nile Delta region conditions were
found. Therefore, the objectives of this work were undertaken to
evaluate the efficiency of foliar application with iron, zinc,
manganese and their combinations to the harmful effect of
skipping one irrigation at different growth stages on growth,
yield and some water relations of roselle plants.

MATERIALS AND METHODS
Two field experiments were performed at the Experimental Farm of
Sakha Agricultural Research Station, Kafr EI-Sheikh Governorate. The
experimental site is located at Sakha 31 -07' N Latitude, 30 -57'E
Longitude, with an elevation of about 6 metres above mean sea level.
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This location is representative of conditions in the Northern Middle Nile
Delta region during the two successive summer growing seasons of
2014 and 2015 to study the effect of water stress (skipping one
irrigation at vegetative, flowering and fruits formation growth stages) in
addition to traditional irrigation and foliar application of chelated (iron
zinc, manganese and Fe +Zn +Mn) on growth ,yield , chemical
composition and some water relations on dark roselle (Hibiscus
sabdariffa , L.) plants under surface irrigation system. Seeds of roselle
were obtained from Medicinal and Aromatic plants Department, ARC,
Egypt and were sown in the field on May 10" and18™ in the first and
second seasons, respectively. The seeds were planted in hills at 30
cm distance on rows 60 cm apart in plot. The irrigation area is 123.2m?
(5.6m width x 22m length) and the irrigated plots were isolated by
ditcher of 1.5m in width to avoid lateral movement of water. The area
of micronutrients foliar application was 22.4m?(5.6m width x 4m
length). The physical and chemical properties of the experimental site
were determined before cultivation, as shown in Tables (A and B).Soll
samples from different depths at the experimental site were collected
at each 15cm ,soil depth up to 60cm and analyzed for some physical
properties Table(A) particle size distribution was determined according
to the international method Klute, (1986). Soil field capacity (FC%),
Permanent wilting point (PWP%),soil available water (AW%) were
determined according to James (1988) , Soil bulk density(Bd, Mg/m?®)
were determined according to Klute, (1986) .Other soil samples were
also collected from the same experimental site for each 15cm ,soil
depth up to 60cm and analyzed for some chemical properties
,Table(B) shown total soluble salts(soil ,EC),soil reaction (pH) both
soluble cations and anions were determined according to Jackson
(1973).While ,SO,” was calculated by the difference between cations
and anions .

Table A: The mean values of some physical properties of the
experimental site before cultivation of roselle Hibiscus
sabdariffa, L. in the two growing seasons (2014-2015)

Soil depth (cm.) P:;:Z'i/:&;ﬁ;mtgzs:/o XU IF.C 94PWP 96Bd Mgl Ao po;"s‘ig',%
0-15 12.30 |33.30| 54.40 |Clayey|46.90] 25.49 | 108 [p1.41] 59.25
15-30 20.20 |34.20| 4560 |Clayey[39.72] 21.49 | 112 [1823 s7.74
30-45 2040 |41.40| 38.20 |Clayey[38.00[ 20.65 | 117 [17.35 55.85
45-60 2110 |41.50| 37.40 |Clayey|35.48] 19.28 | 122 [16.20] 53.96
Mean 18,50 |37.60] 43.92 | Clayey|40.08| 21.76 | 115 |18.27_56.60
Total porosity (%) = Redl _density - Bulk densty .
Real density

Real density in mineral soils = 2.65 Mg/m®
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Table B: The mean values of some chemical properties of the
experimental site before cultivation of roselle Hibiscus
sabdariffa, L. in the two growing seasons (2014-2015)

Soil EC ds/m 1-2-5S;'|_|W3ter Cations meq/! Anions meq N

depth, cm | at 25C suspension Ca Mg Na K CO;” HCO4 cr S04~
0-15 3.86 8.55 14.80 9.68 13.71 0.41 0.0 4.50 15.00 | 19.10
15-30 4.38 8.46 17.76 9.60 15.97 0.47 0.0 4.00 16.00 23.80
30-45 4.49 8.47 20.72 9.20 14.55 0.43 0.0 4.00 12.00 | 28.90
45-60 4.83 8.45 14.80 19.80 13.28 0.42 0.0 4.00 16.00 | 28.30
Mean 4.39 8.48 17.02 14.07 14.38 0.43 0.0 4.13 1475 | 25.03

SO, was estimated by difference

Meteorological conditions:
Meteorological conditions during the two experimental growing
seasons (2014 and 2015) for Sakha area are presented in Table (C)

Table C: Mean of some meteorological data at Kafr El-Sheikh area
during the two growing seasons of 2014 and 2015

T(c%) RH (%) Ws Pan i
Months m/sec Evap. Rain
Max. Min. Mean Max. Min. Mean at 2 m (mmida mm
height y)
2014
May 30.47 19.57 25.02 77.20 48.60 62.90 1.14 587 | -
June 32.65 20.6 26.63 86.23 52.30 69.27 0.95 6.56 0.00
July 33.15 23.64 28.40 83.19 55.11 69.15 1.13 7.73 0.00
Agus 34.10 21.80 27.95 92.40 53.50 72.95 1.15 8.14 0.00
Sep. 32.49 20.76 26.63 87.57 52.20 69.89 1.03 6.65 0.00
Oct. 29.75 18.75 24.25 80.92 53.39 67.16 0.95 451 0.00
Nov. 24.30 13.79 19.05 87.80 60.50 74.15 0.78 2.77 24.6
2015

May 30.19 18.79 24.49 77.3 46.1 61.7 1.33 7.15 0.00
June 30.85 214 26.13 78.8 51.2 65.0 1.22 6.95 0.00
July 33.0 22.4 27.7 85.2 54.3 69.8 1.13 6.86 0.00
Agus. 35.1 25.0 30.1 83.8 51.7 67.8 1.06 8.15 0.00
Sep. 34.6 23.8 29.2 82.7 46.5 64.6 1.14 6.64 0.00
Oct. 29.9 20.6 253 80.9 54.1 67.5 1.01 4.53 65.9
Nov. 24.4 14.42 19.4 87.0 64.2 75.6 0.81 3.19 52.4

* Source: Meteorological Station at Sakha 31-07' N Latitude, 30-57'E Longitude with an. Elevation
of about 6metres above mean sea level.

The experimental design was split plot design, with four replications.
The treatments were:

A- Main treatments :( irrigation, 1)

lp: control treatment (traditional irrigation like practice by local farmers
in the studied area )
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I;: skipping one irrigation at the vegetative growth stage,
I,: skipping one irrigation at the flowering growth stage and
I5: skipping one irrigation at the fruits formation growth stage.

B-Sub treatments: micronutrients foliar application
1- Spraying with tap water (check treatment) 2- Spraying with
chelated Fe
3- Spraying with chelated Zn 4- Spraying with
chelated Mn
5- Spraying with chelated Fe +Zn + Mn

Micronutrients fertilizers (Fe, Zn and Mn) at the concentration of
(250, 200 and 200g/ fed), respectively were obtained from Soil Fertility
and Plant Nutrition Department, Sakha. Agric. Res .Station. These
doses were splitted into three equal doses, one after 45 days from
planting, one at the starting of flowering and the third one after two
weeks later.

Mineral fertilization at the recommended dose of 75 kg N/fed in
form of Urea (46.5 % N) was splitted into two equal doses, the first
dose was added after one month from planting, the second dose was
added after the first dose with one month and half of 100kg K/fed in
form of potassium sulfate (48%K,0) was added as one dose with the
first dose of nitrogen application and 150 kg calcium superphosphate
(15.5 % P,0s) per fed was added during soil preparation.

Roselle plants were harvested on 9" and 14™November in both
seasons, respectively. The following data were recorded per plant

A. Vegetative and flowering growth characters:
1. Plant height (cm).
2. Number of main branches/plant (effective tillers).
3. Number of fruits/plant
4. Weight of 1000 seeds (g)
5. Fresh and dry weight of fruits (g/plant).

B. Yield characters :( fiber, calyxes and seeds)

1. Fresh and dry weight of calyxes g/plant.

2. Calyxes yield kg/ fed.

4. Dry weight of the aerial parts of plant without fruits (fiber yield
ton/fed).

5. Seeds yield/plant

6. Seeds yield/fed
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C. Chemical analysis:
1. Total Anthocyanin Content (mg/100g): was determined
calorimetrically according to the procedure described by Du and
Francis (1973) .
2. Total soluble solids (T.S.S): was measured by a hand refract
meter according to method out lined in A.O.A.C. (2005).
3. Acidity%: titratable acidity were determined according to
standard method as described by Kirk and Sawyer, 1997
4. The pH values: were measured by pH-meter
5. Total soluble solids (T. S. S) acidity ratio= calculated as T. S. S
/acidity

D. Water relations:
1. Amount of irrigation water applied  (Wa ,cm and m %/fed).

Amount of irrigation water applied was measured for each irrigation
treatment and then seasonal water applied was recorded by using cut-
throat flume (30*90cm) through the whole growing season and
calculated as m®fed according to Early (1975)

2. Water consumptive use (CU, cm and m */fed).

To compute the actual consumed water of the growing plants, soil
moisture percentage was determined (on weight basis) before and
after each irrigation as well as at harvesting. Soil samples were taken
from successive layers in the effective root zone(0-15,15-30,30-45 and
45-60cm) . This is a direct method for calculating water consumptive
use by growing plants based on soil moisture depletion (SMD) or
actual crop water consumed (ETC) according to Hansen et al. (1979).

cu =swp =3 7 £ Fie Db v DI v 4200

Where
CU: Water consumptive use (Cu, m*/fed.) in the effective root zone (60

cm),
@ : Gravimetric soil moisture percentage 48 hours after irrigation,

(ﬂ- : Gravimetric soil moisture percentage before the next irrigation,

Dbi: Soil bulk density (Mg/m?®) for depth.

Di: Soil layer depth (15 cm) and

1: Number of soil layers (1-4)

4200 = Fadden area m?
3- Consumptive use efficiency (Ecu %)

Values of consumptive use efficiency were calculated according to
Doorenbos and Pruitt(1975)

Ecu% =CU/Wa *100
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Ecu= Consumptive use efficiency (%): CU=water consumptive use
(m3/fed)

Wa = irrigation water applied to the field (m*/fed)

4- Water productivity (WP, kg/m 3)

Water productivity is generally defined as crop yield per cubic meter
of water consumptive . Concept of water productivity in agricultural
production systems is focused on producing more food with the same
water resources or producing the same amount of food with less water
resources .It was calculated according to Ali et al, 2007.

WP =Y/CU
Where: WP = water productivity (Kilogram fibers, seeds and
calyxes/m®)
Y= Dry weight of the aerial parts of plant without fruits (fiber yield),
calyxes yield Kg/fed, seeds yield and for whole plant.
CU = Water consumptive use (m*/fed)
5- Productivity of irrigation water (PIW, kg/m %)
Productivity of irrigation water was calculated according to Ali et al
(2007).
PIW=Y/Wa
Where: Y= Dry weight of the aerial parts of plant without fruits (fiber
yield), calyxes yield Kg/fed, seeds yield and for whole plant.
Wa = irrigation water applied (m®/fed)

Data of both seasons were tabulated and statistically analyzed
according to procedure described by Steel and Torrie (1980). L.S.D.
test was used to compare the average means or treatments using
COSTAT computer program.

RESULTS AND DISCUSSION

Effect of irrigation treatments and some micronutri ents
foliar application on growth:  The growth characters as affected by
irrigation  treatments and foliar application of the different
micronutrients are presented in Table (1). However, all growth
parameters i.e. plant height, number of main branches, weight of 1000
seeds, number of fruits/plant as well as fresh and dry weight of fruits
/plant were significantly reduced by skipping one irrigation at the
different stages of growth as compared with the control plants in the
two seasons .The magnitudes of reduction differed from character to
another according to the growth stage. However, subjecting plants to
water stress at flowering stage caused the highest reduction in all
growth parameters in the two seasons. The adverse effect of drought
stress on growth roselle parameter may be attributed to the decrease
in net photosynthetic rates (photo inhibition) in Plants due to stomatal
closure, which decreases or prevents water loss but reduces CO,
availability for chloroplast, Bertamini, et al (2007). These results were
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agreed with those reported by EI- Boraie et al. (2009) on roselle plant.
Water deficit decreased the growth rate ,stem elongation and leaf
expansion. Moreover, under the water stress conditions, IAAandGA3
decrease while ABA increases in different plants, Shao et al. (2007).
Cell division and cell enlargement were inhibited leading to a reduction
of growth which drought stress influences the normal physiology and
growth of plants in many ways. Waraich et al (2011)

Foliar application of the different micronutrients results in Table
(1) revealed also that foliar application of chelated Fe ,Zn ,Mn and the
combination between them significantly increased all growth
parameters in the two seasons .Spraying with chelated ( Fe + Zn +
Mn ) was superior in all features i.e. plant height, number of main
branches ,weight of 1000 seeds , number of fruits/plant, fresh and dry
weight of fruits /plant followed by Mn treatment as comparing with the
control .These results coincide with those obtained by Kassab (2005)
Thalooth et al (2006) and El-Fouly, et al. (2011), It can be concluded
also that the enhancement effect of spraying roselle by Fe ,Zn ,Mn
and the combination between them on growth parameters was very
clear ,hence treated plants resulted in taller plants, greater number
and weight of plant and fruits/plant .Such enhancement effect might be
attributed to the favorable influence of these nutrients on metabolism
and biological activity and its stimulating effect on photosynthetic
pigments and enzyme activity which in turn encourage vegetative
growth of plants (Cakmak, 2000). The interaction between irrigation
treatment and foliar application of the different nutrients significantly
affected all the studied growth parameters. However, foliar application
of ( Fe + Zn + Mn ) recorded the highest values for all growth
parameters under normal irrigation treatment (control) in the two
seasons .0On the other hand, skipping one irrigation at flowering stage
of growth x foliar application of distilled water treatment gave the
lowest values for all growth characters. Similar results were obtained
by Babaeian et al (2011). Such differences might be due to the Fe
plays a key role in chlorophyll synthesis. In addition, iron enters in
many plant enzymes that play dominant roles in oxidoredox reactions
of photosynthesis and respiration (Curie and Briat, 2003) . The
superiority of Mn treatment resulted from the fact that manganese
(Mn), is regarded as an activator of many different enzymatic reactions
and takes part in photosynthesis Manganese activates decarboxylase
and dehydrogenase and is a constituent of complex PSIlI protein |,
SOD and phosphatase. Deficiency of Mn induces inhibition of growth
chlorosis and necrosis, early leaf fall and low reutilization (Sajedi et
al., 2009).
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Table 1: Effect of skipping one irrigation and foliar application of some
micronutrients on  plant  height, number of main
branches(effective tillers), dry weight of the aerial parts of plant
without fruits, number of fruits, fresh weight of fruits /plant and

dry weight of fruits /plant of roselle plants in 2014 -2015 seasons

.| Dry weight of the Fresh weight of
Number of main aerial parts of fruits /plant(g) Dry weight of fruits
Irrigation . Plant height(cm) | branches(effectiv pe Number of fruits p 9 Yy welg
Treatment Foliar e tillers) plant without Iplant(g)
application fruits Ton/fed
S 1 > 1 > 1 o 1 > IR > 1 >
Season | Season [ Season | Season | Season | Season | Season | Season | Season | Season | Season | Season
Control 205.33 181.33 7.67 5.33 3.67 3.05 61.67 56.00 238.24 208.78 59.66 46.98
Traditional Fe 217.00 194.67 | 11.00 8.33 4.56 3.46 81.00 59.67 | 257.99 | 212.69 96.64 83.82
irrigation Zn 224.33 206.67 | 12.00 8.67 5.90 4.39 89.00 89.00 | 339.83 | 262.90 | 137.98 | 92.99
(control)ly Mn 234.67 209.67 12.00 8.33 6.56 6.44 148.33 | 109.00 | 397.85 318.83 201.53 | 117.80
Fe+Zn+Mn | 263.00 243.33 27.67 20.33 9.37 7.39 163.33 | 128.33 | 842.46 628.67 242.24 | 191.93
Skipping | Control 207.00 182.67 8.67 6.33 2.92 3.94 61.67 47.33 | 147.67 | 103.08 65.50 54.60
irrigation Fe 216.67 186.00 | 10.00 7.33 3.94 3.90 63.67 46.33 | 173.93 | 114.70 72.30 66.81
at Zn 214.00 192.33 13.00 8.33 4.99 4.39 78.33 64.67 355.48 229.07 92.13 86.01
vegetativ Mn 210.00 191.33 11.67 9.00 6.06 4.54 88.00 73.33 381.68 274.78 110.21 90.33
e growth | Fe+Zn+Mn | 222.33 197.33 | 21.00 | 14.67 7.35 7.67 128.33 | 105.00 | 639.66 | 527.89 | 231.97 | 190.92
stage |,
Skipping Control 170.00 139.33 7.00 5.00 3.53 3.27 63.33 52.67 216.45 144.67 51.74 45.14
irrigation Fe 210.33 176.00 9.33 6.33 4.29 3.82 73.67 52.67 286.49 168.78 69.16 57.92
at Zn 204.67 151.67 8.00 5.67 4.70 4.32 84.67 62.67 | 333.12 | 185.30 78.99 63.47
flowering Mn 211.00 182.00 | 10.00 8.33 4.55 4.45 103.33 | 92.67 | 470.42 | 287.51 | 115.75 | 92.63
growth |Fe+Zn+Mn | 218.00 194.33 16.67 11.67 5.27 4.86 134.67 | 105.00 | 535.60 455.39 126.04 | 100.96
stage |,
Skipping Control 202.00 183.67 9.33 6.33 2.41 3.34 66.00 52.67 156.44 140.14 67.77 56.43
irrigation Fe 211.67 185.33 | 11.67 7.33 4.09 4.09 64.67 55.67 | 192.90 | 183.04 92.80 85.72
at fruits Zn 211.33 182.00 | 11.00 7.33 5.86 5.03 89.67 75.00 | 223.37 | 230.61 | 111.29 | 92.83
formation Mn 206.00 191.00 10.67 7.33 5.31 4.99 99.33 82.00 393.94 346.43 121.19 96.95
growth |Fe+Zn+Mn | 210.00 197.67 | 13.33 9.00 6.77 5.63 136.67 | 95.33 | 556.22 | 452.72 | 158.87 | 107.45
stage I3 | LSD 0.05 | 18.17 *** | 14.19* | 2.13*** | 1.92*%* | 0.64** | 0.28** | 14.61*** | 5.34** | 22.82** | §5.49** | 13.97** | 7.08**
lo 228.87 207.13 | 14.07 | 10.20 6.01 4.95 108.67 | 88.40 | 415.28 | 326.37 | 147.61 | 106.70
Irrigation Iy 214.00 189.93 12.87 9.13 5.05 4.89 84.00 67.33 339.68 249.90 114.43 97.73
mean I, 202.80 168.67 10.20 7.40 4.47 4.14 91.93 73.13 368.41 248.33 88.34 72.02
I3 208.20 187.93 | 11.20 7.47 4.89 4.62 91.27 72.13 | 304.58 | 270.59 | 110.38 | 87.87
LSD0.05 | 8.13* | 6.35** | 0.95* | 0.86** | 0.29** | 0.12** | 6.53* | 2.39%* | 20.06*** | 29.29*** | 6.25** | 3.17***
Control 196.08 171.75 8.16 5.75 3.13 3.40 63.17 52.17 189.70 149.17 61.17 50.79
Foliar Fe 213.92 185.50 10.50 7.33 4.22 3.82 70.75 53.58 227.83 169.80 82.72 73.57
applicatio Zn 213.58 | 183.17 11.00 7.50 5.36 453 85.42 7283 | 312.95 | 226.97 | 105.10 | 83.82
N mean Mn 215.42 | 193.50 11.08 8.25 5.62 5.10 109.75 | 89.25 | 410.97 | 306.89 | 137.17 | 99.43
Fe+Zn+Mn 228.33 208.17 19.67 13.92 7.19 6.39 140.75 | 108.42| 643.49 516.17 189.78 | 147.81
LSD 0.05 5.65 *** 3.90%* | 1.39%*| (0.78**| 0.25%*| (0.33**| 5.18%* | 4.21**| 22.82%* | 20.18%*| 5.33** | 3.01**

Effect of different treatments on production:

It is clear from Table (2) that skipping one irrigation at any stage
of growth significantly decreased all yield characters i.e. fresh weight
of calyxes /plant , dry weight of calyxes /plant , calyxes yield/fed, fibers
yield/fed , seeds yield/plant and seeds yield/fed in the two seasons.
Higher reduction of all abovementioned characters was registered
when roselle plants were exposed to skipping irrigation at flowering
growth stage. Water stress at fruits formation came in the second
order with respect to these features, while early stress at vegetative
growth stage has less detrimental effect on these attributes except
that of fresh weight of calyxes /plant which the higher reduction were
obtained when plants exposed to skipping irrigation at fruits formation.
Water stress at flowering came in the second order and early stress at
vegetative has less detrimental effect compared with the traditional
irrigation (control) which promoted production characters and resulted
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in higher fresh weight of calyxes /plant , dry weight of calyxes /plant ,
calyxes vyield/fed, fibers vyield/fed , seeds yield/plant and seeds
yield/fed in the two seasons. These results are in agreement with
those obtained by EI- Boraie et al. (2009). The expected depression
as a result of water stress on yield of roselle plants may be due to the
reduction of growth criteria as indicated in Table (1) in addition,
irrigation is critical during fruits filling and flowering stages in roselle
plants mainly because of the higher leaf area index during these
periods and consequently, the greater demand for water. .In this
concern Mafakheri et al. (2010) stated that Plants grown under
drought condition have a lower stomatal conductance in order to
conserve water. Consequently, CO, fixation is reduced and
photosynthetic rate decreases, resulting in less assimilate production
for growth and yield of plants.

Irrespective to water stress, foliar application of Fe ,Zn, Mn and
their combination significantly increased all the yield characters (fresh
weight of calyxes /plant , dry weight of calyxes /plant , calyxes
yield/fed, fibers yield/fed , seeds yield/plant and seeds yield/fed )
compared with the control plants in the two seasons. Fe+ Zn +Mn
foliar application had the greatest stimulatory effect on all yield
attributes. The mean values of foliar application can be descended in
order to combination, Mn >Zn >Fe > control. These results showed
the significant increase in calyxes yield/fed, fibers yield/fed and seeds
yield/fed from 552.06 kg/fed,3.13 ton /fed and 945.49 kg/fed in control
to 1486.57kg /fed,7.19 ton/fed and3224.10 kg/fed in the first season ,
respectively with application of Fe+ Zn +Mn which estimated by 62.86
,56.47 and 70.67 % higher calyxes yield/fed, fibers yield/fed and
seeds yield/fed ,respectively over the control .The increase in yield
characters by Fe +Zn + Mn foliar application might be related to its
effect on water plant relationship as well as metabolic and
physiological activities of roselle plant . Moreover, a sufficient zinc and
iron nutrition also has protective effects on photo oxidative damage
catalyzed by ROS in chloroplasts and other important organs during
photosynthesis (Wang and Jin 2005) . Such results confirmed the
data reported by El-Fouly et al. (2011). Rehm and Albert (2006)
reported that, vyields were higher for the treatments with
micronutrients. Concerning the effect of interaction, data presented in
Table (2) indicated that the highest values of fresh weight of calyxes
/plant , dry weight of calyxes /plant , calyxes yield/fed, fibers yield/fed ,
seeds yield/plant and seeds yield/fed were recorded by irrigating the
plants Traditionally (control) and sprayed with Fe +Zn +Mn in the two
seasons ,While the highest reduction in all characters were recorded
by skipping irrigation at flowering stage with distilled water spraying
except that of fresh weight of calyxes /plant which reduced by skipping
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irrigation at vegetative growth stage with distilled water spraying in the
two seasons . Similar results were obtained by Hussein et al. (2013)
who observed a significantly higher yield of barley at amino (Amino
acids + Zn(24%) +Mn(2%) + Fe (2%)+Mg(1%) at the rate of
liter/fed.(Am) + potassium foliar application treatment under normal
irrigation .Such increase in yield may be attributed to the foliar applied
nutrients have limited direct use for enhancement of stress resistance
mechanisms in field crops, Lavon, et al. (1999). Furthermore,
Grewall and Williams (2000) found that adequate Zn nutrition
enhanced alfalfa plants growth under the condition of water stress
during early vegetative stage. Zn and Fe are involved in detoxification
of reactive oxygen specious (ROS) and they are also important for
reducing the production of free radicals by superoxide radical
producing enzymes (Cakmak, 2000).

Effect of different treatments on chemical composit ion: Table (3)
illustrated that with holding one irrigation at any growth stage led to
increasing in total anthocyanin, T.S.S, acidity%, pH and T.S.S acidity
ratio in calyxes roselle plants as comparing with traditional irrigation
(contral) in the two seasons. It is worthy to note also that high total
anthocyanin and pH in the two seasons and T.S.S in the first season
and T.S.S acidity ratio in the second one in calyxes roselle plants
subjected to water stress at fruits formation growth stage in the two
seasons .Furthermore, early stress at vegetative growth stage has
increased acidity% in the two seasons and T.S.S in the second
seasons .While, stress at flowering stage recorded the highest T.S.S.
acidity ratio in the first season .The obtained results are in agreement
with the findings of Nabizadeh et al , 2012.
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Table 2: Effect of skipping one irrigation and foliar application of some
micronutrients on fresh weight of calyxes /plant , dry weight of
calyxes /plant, calyxes vyield/fed, weight of 1000 seeds, seeds
yield/plant and seeds yield/fed of roselle plants in 2014-2015

seasons
irrigation Fresh weight of Dry weight of Calyxes Weight of Seeds Seeds yield/fed(kg)
Foliar calyxes /plant(g) | calyxes /plant(g) yield/fed(kg) 1000seeds yield/plant(g)
Treatment | application 17 2™ 17 1™ 2™ 17 1% 2™ 1™ 2M 17 2M
s Season | Season | Season | Season| Season | Season |Season |Season| Season |Season| Season | Season
Control 118.25 98.59 37.23 | 30.80 | 856.37 | 708.48 | 37.43 | 32.10 46.10 38.13 | 1060.30 | 877.07
Traditional Fe 124.79 106.4 48.23 34.69 | 1109.29 | 797.79 37.93 | 33.90 72.67 53.99 | 1671.33 | 1241.77
irrigation Zn 141.74 117.96 48.68 36.73 | 1119.72 | 844.71 39.13 | 35.37 90.76 66.69 | 2087.40 | 1533.95
(control)ly Mn 305.87 | 205.67 | 61.55 | 51.87 | 1415.73 | 1193.09 | 39.63 | 36.40 | 137.36 | 99.53 | 3159.28 | 2289.27
Fe+Zn+Mn | 455.95 | 366.35 | 95.47 | 84.32 | 2195.73 | 1939.44 | 42.70 | 38.33 | 176.05 | 140.81 | 4049.23 | 3238.55
Skipping Control 62.50 60.88 20.23 17.49 | 465.21 402.35 36.40 | 31.00 43.18 37.80 993.14 869.40
irrigation Fe 91.75 74.66 33.97 21.85 781.31 502.55 37.10 | 31.60 50.97 38.33 | 1172.39 | 881.67
at Zn 147.42 | 106.45 | 51.07 | 36.30 | 1174.69 | 834.82 | 38.70 | 32.60 63.71 46.77 | 1465.41 | 1075.79
vegetative Mn 186.97 | 174.75 | 61.46 | 51.87 | 1413.50 | 1252.50 | 39.30 | 34.43 83.25 65.42 | 1914.83 | 1504.66
growth Fe+Zn+Mn | 257.23 206.84 73.38 84.32 | 1687.89 | 1493.54 | 40.83 | 35.13 166.51 | 134.26 | 3829.65 | 3087.98
stage |,
Skipping Control 95.33 74.39 16.85 | 13.59 | 387.55 | 312.49 | 32.97 | 29.97 34.00 27.82 | 782.00 | 639.86
irrigation Fe 123.67 | 105.01 | 1893 | 1549 | 435.39 | 356.27 | 34.07 | 31.23 38.57 30.41 | 887.03 | 649.43
at Zn 142.43 115.80 21.09 18.73 | 485.15 430.71 36.83 | 32.47 50.74 42.05 | 1167.02 | 967.23
flowering Mn 201.33 190.90 38.33 33.95 881.67 780.93 37.38 | 32.63 84.43 63.77 | 1941.81 | 1466.79
growth | Fe+Zn+Mn | 239.31 | 195.21 | 41.28 | 38.15 | 949.44 | 877.37 | 38.80 | 33.60 99.13 95.40 | 2279.91 | 2194.28
stage |,
Skipping Control 82.60 66.29 21.70 | 20.17 499.1 463.91 | 32.43 | 28.60 41.15 31.22 | 946.53 | 718.14
irrigation Fe 90.86 75.86 29.29 27.77 673.59 638.63 39.20 | 32.07 68.01 57.97 | 1564.23 | 1333.23
at fruits Zn 116.33 106.99 31.52 29.35 724.88 674.97 40.33 | 33.10 78.56 61.96 | 1806.88 | 1425.08
formation Mn 149.96 | 122.75 | 38.13 | 28.85 | 876.91 | 663.47 | 41.67 | 35.00 95.43 72.84 | 2194.97 | 1675.32
growth | Fe+Zn+Mn | 253.27 | 205.67 | 48.40 | 43.78 | 1113.2 | 1006.94 | 42.80 | 38.50 | 119.03 [104.89 | 2737.61 | 2412.47
stage I3 LSD .05 65.27** | 10.26*** | 5.37*%* | 4.41%* |131.73%* [101.43*** | 1.43** | 1.48*** | 11.93*** | 6.00*** | 274.33***| 138.02***
Irrigation lo 229.32 178.99 58.23 47.68 | 1339.37 | 1096.70 | 39.37 | 35.22 104.59 79.83 | 2405.51 | 1836.12
mean Iy 160.41 | 136.27 | 48.02 | 39.01 | 1104.52 | 897.15 | 38.47 | 32.95 81.52 64.52 | 1875.08 | 1483.90
I, 149.11 | 124.72 | 27.30 | 23.98 | 627.84 | 551.56 | 36.01 | 31.98 61.37 51.89 | 1411.56 | 1193.52
I3 138.60 115.51 33.81 29.98 777.54 689.59 39.29 | 33.45 80.44 65.78 | 1850.04 | 1512.85
LSDO0.05 29.19% | 4.59%* | 2.56%* | 1.79*%* | 58.91** | 45.36*** | 0.64** | 0.66* 5.33%* | 2.68** | 122.68***| 61.72**
Foliar Control 89.67 75.04 2400 | 20.51 | 552.06 | 471.81 | 34.81| 30.42 41.11 33.74 | 94549 | 776.12
applicatio Fe 107.77 90.48 32.60 | 24.95| 749.90 | 573.81 | 37.08 | 32.20 57.55 45.18 | 1323.75| 1039.03
n mean Zn 136.98 111.8 38.09 30.27 876.11 696.31 38.75 | 33.38 70.94 54.37 | 1631.68| 1250.51
Mn 211.03 173.52 49.87 42.24 | 1146.95( 972.50 39.50 | 34.62 100.12 75.39 | 2302.72| 1734.01
Fe+Zn+Mn | 301.44 | 24352 | 64.63 | 57.80 | 1486.57 | 1329.32| 41.28 | 36.39 | 140.18 | 118.84| 3224.10| 2733.32
LSDO0.05 17.74%* | 4.74** | 252%*| 1.58**| 57.89**| 35.50**| 0.49** | 0.46**| 4.19*** | 2.20***| 96.34***| 50.60***

It is clear from Table (3) that there was significant increase in

chemical composition of roselle due to foliar application as comparing
with the control .However, spraying plants with Zn recorded the highest
total anthocyanin, acidity, pH and T.S.S in the two seasons. While,
distilled water spraying in the first season and Mn spraying in the
second one recorded the highest T.S.S. acidity ratio. The positive
effects of Zn on plant may be due to their effects as a metal
component of some enzymes or regulatory for the others. Moreover,
they have essential roles in plant metabolism (Abd El-Hady 2007) .
These results are in full agreement with those obtained by Nasiri et al.
(2010) and Akbari et al. (2013). Furthermore, Abdalla et al., 1992
pointed out that in addition micronutrients spraying led to increasing
macro and micronutrients uptake as a result of improving root growth
which consequently led to great absorbing surface.
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Table 3: Effect of skipping one irrigation and foliar application of some

micronutrients on total anthocyanin, T.S.S, acidity, pH and T.S.S acidity
ratio of roselle plants in 2014-2015 seasons

Total anthocyanin . L T.S.S Acidity ratio
irrigation Foliar (mg/100g) . TSS (an)d :_\Cldlty% . PH .
H : st n st n S n n
Treatments application S 1 2 1 2 1 2 15 Season 2 1% Season| 2" Season
eason Season | Season | Season | Season | Season Season

Control 265.35 262..49 5.90 4.97 3.24 2.82 3.06 2.96 1.82 1.76
Traditional Fe 269.52 263.68 6.03 5.27 3.75 3.05 3.26 3.01 1.62 1.73
irrigation Zn 316.64 310.08 6.33 6.00 4.01 3.56 3.27 3.10 1.58 1.69
(control)ly Mn 314.73 281.57 6.10 5.57 3.50 3.00 3.23 2.98 1.74 1.86
Fe+Zn+Mn 311.51 264.64 6.23 5.73 3.75 3.15 3.25 3.02 1.66 1.83
Skipping Control 262.97 262.73 5.20 4.80 2.90 2.65 3.09 2.82 1.79 1.82
irrigation at Fe 264.40 263.69 6.13 5.77 4.01 3.16 3.16 3.12 1.53 1.83
vegetative Zn 270.72 271.91 7.10 6.40 4.52 3.56 3.44 3.21 1.57 1.80
growth stage | Mn 268.33 271.91 6.27 5.60 3.50 3.23 3.25 2.92 1.79 1.73
1| Fe+Zn+Mn 265.95 267.14 6.40 6.00 4.01 3.73 3.31 3.10 1.60 1.61
Skipping Control 267.98 261.18 5.30 4.50 2.90 2.20 3.16 3.02 1.83 2.05
irrigation at Fe 273.10 262.61 6.50 5.60 3.41 3.07 3.20 3.06 191 1.83
flowering Zn 314.01 305.66 6.90 6.00 3.75 3.17 3.42 3.21 1.84 1.89
growth stage I Mn 311.39 305.07 5.60 5.00 3.24 2.82 3.25 3.10 1.73 1.77
Fe+Zn+Mn 307.69 263.45 6.53 5.67 3.50 3.00 3.29 3.15 1.87 1.89
Control 273.10 262.97 6.00 5.00 2.99 2.22 3.27 3.07 2.01 2.26
Skipping Fe 276.68 264.28 6.50 5.40 3.50 2.99 3.28 3.18 1.83 1.81
irrigation at Zn 314.61 310.08 6.90 6.27 4.52 3.73 3.52 3.24 1.73 1.68
fruits formation Mn 313.65 307.69 5.60 5.73 3.50 2.99 3.28 3.15 1.75 1.92
growth stage I;| Fe+Zn+Mn 312.58 267.14 6.53 5.80 4.01 3.13 3.33 3.08 1.67 1.85

LSD 0.05 3.24%** 2.90%** 0.13%** 0.19*** 0.41%* | 0.16*** 0.04*** 0.03*** 0.18*** 0.12%+*
lo 295.55 276.49 6.12 5.51 3.65 3.12 3.21 3.01 1.68 1.77
Iy 266.47 267.47 6.22 5.71 3.79 3.27 3.25 3.03 1.66 1.76
Irrigation mean I, 294.83 279.59 6.17 5.36 3.36 2.85 3.26 3.11 1.83 1.89
I3 298.13 282.43 6.61 5.64 3.70 3.01 3.37 3.14 1.80 1.90

LSD0.05 1.45%* 1.30%** 0.06*** 0.09*** 0.18** 0.07*+* 0.02** 0.02%*+* 0.08** 0.05%+*
Control 267.35 262.34 5.6 4.82 3.01 2.47 3.14 2.97 1.86 1.79
Foliar Fe 270.93 263.57 6.27 5.52 3.67 3.07 3.22 3.09 1.76 1.80
application Zn 303.99 299.43 7.03 6.17 4.20 351 3.41 3.19 1.68 1.77
mean Mn 302.03 291.56 6.03 5.48 3.43 3.01 3.26 3.04 1.76 1.82
Fe+Zn+Mn 299.43 265.59 6.47 5.80 3.82 3.25 3.30 3.09 1.70 1.79

LSD0.05 1.15% 0.96** | 0.06*** | 0.07*** [ 0.11*** [ 0.09*** 0.01*** 0.01** | 0.05*** 0.07**

The interaction between water stress and foliar application had a
significant effect on all chemical composition. The highest values of
total anthocyanin, acidity, PH and T.S.S were recorded by skipping
irrigation at fruits formation growth stage with Zn spraying in two
seasons. While, the highest values of T.S.S acidity ratio were recorded
by Skipping irrigation at fruits formation growth stage without spraying
(control) in the two seasons. Such enhancement effect of Zn spraying
on roselle plants grown under water stress conditions counteracted the
deleterious effects of stress on chemical composition, especially the
stress at fruits formation growth and helped stressed plants to grow
successfully under these adverse unfavorable conditions. These
results were in harmony with those obtained by Thalooth et al. (2006)
and Zaki et al. (2013) Moreover, Said-Al Ahl and Mahmoud (2010)
reported that basil plants sprayed with zinc and /or iron under normal
and saline conditions were superior compared with non-sprayed
plants.
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D. Water relations:
1. Amount of Seasonal irrigation water applied (Wa,  cm &m */fed).
Presented data in Table (4) clearly showed that the highest

values for (Wa) were recorded under traditional irrigation and the
values are 91.98 cm (3863.33 m®fed.) and 88.31 cm (3709.13
m/fed.). Meanwhile, the lowest values for (Wa) were recorded under
skipping irrigation at vegetative growth stage I; and the values are
83.80 cm (3519.69 m® fed.) and 81.17 cm (3409.08 m® fed.) in the
first and second growing seasons, respectively.

Table (4): Effect of irrigation treatments and some micronutrients foliar
application on seasonal amount of water applied (cm and m®/fed)
and percentage of saving water (%) for roselle plants in the two

seasons
1% season 2" season The overall mean values through
- the two seasons
Irrigation
treatments
Water Water Percentage | Water Water Percentage Water Water | Percentage
applied apj)lied of saving applied apflied of saving applied apflied of saving
cm (m°/fed) water (%) .cm (m°/fed) water (%) cm (m°/fed) | water (%)
lo 91.98 3863.33 - 88.31 3709.13 - 90.15 3786.23
|
* 83.80 3519.69 8.89 81.17 3409.08 8.09 82.49 3464.39 8.50
I, 84.60 3553.13 8.03 81.66 3429.68 7.53 83.13 3491.41 7.79
I3 87.02 3654.69 5.40 83.33 3499.65 5.65 85.17 3577.17 5.52

Generally, the values of seasonal water applied can be descended
in order Ip>13>1,>1; in the two growing seasons. Increasing the values of
seasonal amount of water applied under traditional irrigation I, in the
two growing seasons in comparison with other irrigation treatments I,
I, and I3 might be attributed to increasing number of irrigations under
irrigation treatment Iy because it did not expose to water stress through
the growing season. These results are in a great harmony with those
obtained by Sidky et al. (2007), Mazrou et al. (2002), Meowad et al.
(2005), Thalooth et al. (2006), Younis et al. (2009) Rashed and
Moursi (2012), Hussein et al. (2013), Soha and Yousef (2014) and
Moursi et al. (2014).

2-Water consumptive use. Cu (cm &m 3/ fed.):

Tabulated data in Table (5) illustrated that the values of
water consumptive use (Cu) were greatly affected by both irrigation
treatments and micronutrients foliar application in the two growing
seasons. Regarding, the effect of irrigation treatments, the highest
seasonal values of water consumptive use were recorded under
traditional irrigation I, and the values are 64.79 cm , 2721.03 m?/ fed
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and 63.42 cm , 2663.75 m®/ fed in the two seasons , respectively. On
the other hand, the lowest values were recorded under skipping
irrigation at vegetative growth stage |, which consumed 59.78 cm,
2510.96 m3/ fed and 59.19 cm, 2485.81 m®/ fed in the first and second
seasons, respectively. Generally, the values of water consumptive use
can be descended in order lp>Is>1,>1; in the two growing seasons.
Increasing the values of Cu under irrigation treatment I, in comparison
with other treatments I, I, and I3 which exposed to water stress during
the growing season may be due to increasing amount of seasonal
water applied under the conditions of traditional irrigation I,. Also,
under increasing irrigation water applied, the plants become healthy
with a thick vegetative cover. So, the exposed area to the sunlight
increases. Consequently, increasing the rate of evaporation which
considers one of the components of Cu. Therefore, increasing the
values of Cu. These results are in a great harmony with those obtained
by Sidky et al. (2007), Younis et al. (2009), Hussein et al. (2013)
Soha and Yousef (2014) and Moursi et al. (2014) .

Concerning, the effect of micronutrients foliar application on the
values of water consumptive use. Data in the same Table showed that
under all irrigation treatments, the highest values for water
consumptive use were recorded under foliar application of (Fe+ Zn+
Mn) comparing with application every nutrient as alone or without
application (control) and the highest overall mean value is 65.15 cm
(2736.46 m® fed.) under irrigation treatment |, . Generally, the overall
mean values can be descended in order 15>15>1,>1; and the values are
65.15 cm. (2736.46 m?/ fed.), 60.63 cm (2546.37 m® fed.), 59.81 cm
(2511.99 m¥ fed.) and 59.47 cm (2498.39 m* fed.), respectively.
Increasing the values of water consumptive use under foliar application
treatment (Fe+ Zn+ Mn) could be attributed to increasing vegetative
cover and hence, increasing evaporation rate. So, increasing the
values of Cu. These results are in a great harmony with those reported
by Thalooth et al. (2006), Hussein et al. (2013) and Moursi et al.
(2014).

3-Consumptive use efficiency (Ecu %):

Consumptive use efficiency (Ecu) is a parameter which
indicates the capability of plants to utilize the soil moisture stored in the
effective root zone .Presented data in Table (5) showed that the overall
mean values of consumptive use efficiency (Ecu %) through the two
growing seasons were affected by both irrigation treatments and
micronutrients foliar application. Concerning, the effect of irrigation
treatments on (Ecu %), the highest overall mean value was recorded
under irrigation treatment |, and the value is 72.13%. Meanwhile, the
lowest overall mean value was recorded under irrigation treatment Iy
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(traditional irrigation) and the value is 71.13%. Generally, the overall
mean values for Ecu can be descended in order |;>I,>l3>l, and the
overall mean values are 72.13, 71.97, 71.20 and 71.13%, respectively.
Data in the same Table declared that the mean values of Ecu were
higher under water stress conditions I, I, and |3 in comparison with
non-stress one ly. Increasing the values of Ecu under water stress
conditions might be attributed to decreasing the amounts of water
applied, higher amounts of irrigation water could be beneficially used
by the growing plants which results in minimizing water losses. These
results are in the same line with those reported by Kassab and
Ibrahim (2007), Younis et al. (2009) and Moursi et al. (2014.)

Regarding, the effect of micronutrients foliar application on
consumptive use efficiency. Data in the same Table indicated that the
overall mean values for Ecu were increased under micronutrients foliar
application in comparison with non-application (control treatment). The
highest overall mean value was recorded under foliar application
treatment (Fe+ Zn+ Mn) comparing with application every nutrient as
alone and without application (control). These results are in the same
line with those obtained by Moursi et al. (2014)

Table (5): Effect of irrigation treatments and some micronutrients foliar
application on seasonal amount of water consumptive use (cm
and m*fed) and consumptive use efficiency % for roselle plants
in the two seasons

. 1% season nd The overall mean values through the
c o |Micro 2™ season
S E |nhutients two seasons
=3 © foliar Water Water Consumptiv Water Water Consumptive Water Water Consumptiv
E E «E application consumptive |consumptive e use consumptive |consumptive| use efficiency |consumptive |consumptive e use
pp use .cm | use (m*/fed) | efficiency % use cm. use (m3/fed) % use, cm/._|use (m3/fed) | efficiency %
Control 63.73 2676.63 69.28 62.53 2626.28 70.81 63.13 2651.46 70.05
lo Fe 64.17 2695.26 69.77 63.11 2650.77 7147 63.64 2673.02 70.62
Zn 64.55 2710.90 70.17 63.35 2660.84 71.74 63.95 2685.87 70.96
Mn 65.48 2750.13 71.19 63.81 2680.18 72.26 64.65 2715.16 71.73
Fe+Zn+Mn 66.01 2772.22 71.76 64.30 2700.70 72.81 65.15 2736.46 72.29
Mean 64.79 2721.03 70.43 63.42 2663.75 71.82 64.10 2692.39 71.13
Control 58.03 2437.27 69.25 57.40 2410.88 70.72 57.72 2424.08 69.99
Fe 58.98 2477.33 70.38 58.58 2460.17 72.17 58.78 2468.75 71.28
Zn 59.78 2510.78 71.34 58.46 2497.23 73.25 59.62 2504.01 72.30
Mn 60.69 2549.17 72.43 59.77 2510.48 73.64 60.23 2559.83 73.04
Fe+Zn+Mn 61.43 2580.24 73.31 60.72 2550.27 74.81 61.01 2565.26 74.06
Mean 59.78 2510.96 71.34 59.19 2485.81 72.92 59.47 2498.39 72.13
Control 58.58 2460.43 69.25 57.39 2410.30 70.28 57.99 2435.37 69.77
Fe 59.30 2490.72 70.10 58.22 2445.37 71.30 58.76 2468.05 70.70
Zn 60.01 2520.47 70.94 59.30 2490.39 72.61 59.65 2505.43 71.78
Mn 60.96 2560.18 72.05 59.78 2510.87 73.21 60.37 2535.53 72.63
Fe+Zn+Mn 61.67 2590.31 72.90 62.88 2640.78 77.00 62.28 2615.55 74.95
Mean 60.10 2524.42 71.05 59.51 2499.54 72.88 56.81 2511.99 71.97
Control 59.78 2510.77 68.70 58.59 2460.60 70.31 59.19 2485.69 69.51
Fe 61.20 2570.33 70.33 59.12 2483.20 70.96 60.16 2526.77 70.65
Zn 61.67 2590.23 70.87 59.48 2498.17 71.38 60.58 2544.20 71.13
Mn 62.15 2610.50 71.43 59.77 2510.27 71.73 60.96 2560.39 71.58
Fe+Zn+Mn 63.34 2660.48 72.80 61.17 2569.12 7341 62.26 2614.80 73.11
Mean 61.63 2588.46 70.83 59.63 2504.27 71.56 60.63 2546.37 71.20
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4-Water productivity (WP, kg/m %) and productivity of irrigation
water (PIW, kg/ m )

Both (WP) and (PIW) are parameters which indicate the
productivity of water unit. This function could be evaluated in the two
terms of water productivity which relates yield to water consumed.
Productivity of irrigation water which relates to yield with the water
applied. Presented data in Tables (6 and7) which showed the values of
WP and PIW for different plant organs (fiber, calyxes, seeds/ fed and
also for whole plant), both the studied treatments (irrigation and
micronutrients foliar application), showed a great effect on the overall
mean values for WP and PIW. Concerning, the effect of irrigation
treatments on WP and PIW, data in Table (7) indicated that, the
highest overall mean values for the two studied parameters were
recorded under irrigation treatment I, and the values are 3.26 and 2.31
kg/ m® for WP and PIW, respectively. Meanwhile, the lowest values
were recorded under irrigation treatment I3 and the values are 2.79 and
1.98 kg/ m® for WP and PIW, respectively.

Table (6): Effect of irrigation treatments and some micronutrients foliar
application on water productivity WP (kg/m® and productivity of
irrigation water PIW (kg/m®) for fibers, calyxes, seeds yield / fed
in the two seasons (2014-2015)

Treatments Water productivity(kg/m °) | productivity of irrigation water (kg/m )

fibers | calyxes | Seeds | Wholeplant | fibers [ Calyxes | Seeds [ Whole plant
1% season

o 221 0.49 0.88 358 156 0.35 0.62 253

Iy 2.01 0.44 0.75 3.20 1.43 0.31 0.53 227

A 1.77 0.25 0.56 258 1.26 0.18 0.40 1.84

I3 1.89 0.30 0.71 2.90 1.34 0.21 0.51 2.06
Control 1.24 0.22 0.38 1.84 0.86 0.15 0.26 1.27
Fe 1.65 0.29 0.52 2.46 1.16 0.21 0.36 1.73
Zn 2.08 0.34 0.63 3.05 1.47 0.24 0.45 2.16
Mn 2.15 0.44 0.88 3.47 154 0.31 0.63 248
Fe+Zn+Mn 2.71 0.56 1.22 4.49 1.97 0.41 0.88 3.26

2" season

o 1.84 0.41 0.68 2.93 131 0.29 0.48 2.08

Iy 1.96 0.36 0.59 291 1.41 0.26 0.43 2.10

A 1.65 0.22 0.48 235 1.19 0.16 0.34 1.69

I3 1.81 0.27 0.59 267 1.29 0.19 0.42 1.90
Control 1.36 0.19 0.31 1.86 0.95 0.13 0.22 1.30
Fe 1.51 0.23 0.41 2.15 1.07 0.16 0.29 1.52
Zn 1.77 0.27 0.49 253 1.27 0.19 0.35 1.81
Mn 1.97 0.38 0.67 3.02 1.42 0.27 0.48 217
Fe+ZN+Mn 2.43 0.50 1.04 3.97 1.79 0.37 0.76 2.92
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Table (7): The overall mean value of water productivity WP (kg/ m®)
and productivity of irrigation water PIW (kg/m® for fibers,
calyxes, seeds and whole roselle yield plants in the two seasons

Treatment

The overall mean values through

The overall mean values The overall mean values the two seasons The overall mean values

through the two seasons through the two seasons through the two seasons
fibers Calyxes Seeds Whole roselle plant

we (Tg/ M PIW (kg/im®) | WP (kg/im®) | PIW (kg/m®) WP (kg/m®) PIW (kg/m®) | WP (kg/m®) | PIW (kg/m®)

lo 2.03 1.44 0.45 0.32 0.78 0.55 3.26 2.31
:; 1.99 1.42 0.40 0.29 0.67 0.48 3.06 2.19
I3 1.71 1.23 0.24 0.17 0.52 0.37 2.47 1.77
1.85 1.32 0.29 0.20 0.65 0.47 2.79 1.98
Control 1.30 0.91 0.21 0.14 0.35 0.24 1.85 1.29
;ﬁ 1.58 1.12 0.26 0.19 0.47 0.33 231 1.63
Mn 1.93 1.37 0.31 0.22 0.56 0.40 2.84 1.99
Fe+Zn+Mn 2.06 1.48 0.41 0.29 0.78 0.56 3.25 2.33
2.57 1.88 0.53 0.38 113 0.82 4.23 3.09

Regarding, the effect of micronutrients foliar application, the highest
overall mean values were recorded under micronutrients foliar
application ((Fe+ Zn+ Mn) comparing with other treatments and control
and the values are 4.23 and 3.09 kg/ m® for WP and PIW, respectively.
But the lowest overall mean values were recorded under control
treatment (without application and the values are 1.85 and 1.29 kg/ m®
for WP and PIW, respectively. Increasing the overall mean values for
WP and PIW, under irrigation treatment l, and micronutrients foliar
application ((Fe+ Zn+ Mn) may be attributed to increasing yield under
the conditions of these treatments in comparison with other treatments.

Conclusion
It can be concluded that skipping one irrigation at vegetative
growth stage when cultivated roselle plants under studied region
combined with chelated Fe+ Zn+ Mn foliar application which
counteracted the deleterious effects of stress and chelated Zn foliar
application only to increase chemical component. Nevertheless,
reduction in yield offset saving nearly 9% of applied water.
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