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ABSTRACT

The response of growth and photosynthetic pigments of jojoba plants due to potassium sulphate (KS) and
ammonium phosphate (AP) and salt stress was studied in a pot experiment which was conducted in the
greenhouse of the National Research Centre, Dokki, Cairo, Egypt in the 2012 and 2013 summer season. The
treatments of salinity were: irrigation by diluted seawater, 6000 and 3000 ppm and tap water (290 ppm) as a
control, and fertilizers treatments were spraying of AP and KS in the rate of 1g/L more than distilled water as a
control. Results revealed that increasing of salt concentration led to decrease the dry mass of stem, leaves, top
and whole jojoba plant dry weight. Root dry mass which seemed to be without effect. Irrigation jojoba plants
with water contains 6000 ppm decreased stem, leaves, top and whole plant dry weight by 4.9, 13.5, 0.3 and
1.6% compare with those irrigated by tap water. Top to root ratio decreased considerably with the increase of
salts in the diluted seawater. Spraying plants by potassium fertilizer increased vegetative characters i.e. dry
weight of root, stem, top and whole plant. Salt stress decreased chl.a, chl.b, total chlorophyll and
chl.atchl.b:carotenoids as the concentration of salts increased. The reverse was true in carotenoids
concentrations, however, chl.b increased with moderate salt stress and tended to decrease with high salt levels
but still more than the control. Application of AP showed the highest concentration of chl.a, chl.b and
chl.a+chl.b as well as total carotenoids. On the opposite side, KS showed the lowest chl.a value and distilled
water showed the lowest valus of chl.b and carotenoids. The highest ratios (Chl.a:chl.b and
chl.a+chl.b:carotenoids) were obtained by distilled water spraying and the values resulted from spraying KS
came in between.
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Introduction

As result of increment of the population in Egypt (84.7 million in July, 2013), the need to energy resources
increased. Egypt suffers today from the increasing of food gap due to the limited water resources and the high
competition between food crops of the cropping system in the agricultural seasons.

Accumulation of salts in soil has a negative effect on the production of a wide variety of crops. For various
reasons the area of salt affected soils will rapidly expand in the near future. As the world population continues to
grow, the availability of renewable freshwater resources for agriculture will decrease, and simultaneously the
area of irrigated land will increase in the attempt to satisfy the need for more food (FAO, 2010).

Salt stress results in a reduction in biomass production, a decrease in shoot length, induction of senescence
response or earlier plant death. Studies over the last years have revealed a humber of important strategies to
improve salt tolerance. One strategy is the controlled influx of Na™ into the root cells (Jaarsma et al., 2013).

Supplying optimal quantities of mineral nutrients to growing crop plants is one way to improve crop yields.
Nutrients need to be used rationally in order to avoid a negative ecological impact and undesirable effects on the
sustainability of agricultural production systems (Sawan et al., 2008).

Potassium (K) is one of the most important influence crop metabolism, growth, development and yield. The
K application is very important in high-yield plant production because indeterminate growth habit of cotton
plants (Oosterhuis, 1994 and Zhuo et al., 2001). K play an important role in osmotic adjustment and maintaining
cell turgor. The vacuole and the cytosol are the two major pools of K in plant cells.(Walker et al., 1996). The K
supply is thus associated with other minerals nutrients and is essential for the detoxification of active oxygen
under stress (Marschner and Cakmak, 1989). K also, essential to the performance of multiple enzymes function
and it regulates the metabolite pattern of higher plants, ultimately changing metabolite concentrations (Mengel,
2001).

Therefore, the objective of this work was to evaluate the effect of foliar fertilization in enhancing salt stress
tolerant for jojoba plants which are irrigated by diluted seawater.

Material and Methods

The evaluation of growth and photosynthetic pigments of jojoba plants to potassium sulphate and
ammonium phosphate and salt stress was studied in a pot experiment which was conducted in the greenhouse of
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the National Research Centre, Dokki, Cairo, Egypt in the 2012 and 2013 summer season. The treatments were
as follows:

Salinity:
Irrigation by diluted seawater, 3000 and 6000 ppm, and tap water (290 ppm) as a control treatment.
Foliar fertilizer:

Spraying of potassium sulphate (KS) and ammonium phosphate (AP) in the rate of 1g/L more than distilled
water (DW) as a control.

The experiment included 9 treatments which represented the combination of three salt stress treatment and
three foliar fertilizer treatments.

Seeds of jojoba (Simondsia chinensis (Link) Shnider) were sown in 1% of June 2012. Calcium super
phosphate (15.5% P,0Os) potassium sulphate (48.5% K,0) were added before sowing, sulphate Ammonium was
added in two equal portions, the 1% two weeks after sowing and the 2" four weeks later. Irrigation by diluted
seawater started after four weeks, where one irrigation by mixed water followed by fresh water alternatively.
Foliar fertilizers were sprayed twice, the first was done at one month from sowing and the second was added
one month later.

Chlorophyl (chl) a, chl.b and total carotenoids were calculated according to the methods mentioned by von
Witistien, et al. (1957).

All collected data were subjected to the proper statistical analysis described by Snedecor and Cochran,
(1992).

Results and Discussion
e  Salt stress:
e  Growth:

Increasing salt concentration led to decrease the dry mass of stem, leaves, top and whole jojoba plant dry
weight. Root dry mass which seemed to be without effect. Irrigation jojoba plants with water contains 4000 ppm
decreased stem, leaves, top and whole plant dry weight by 4.9, 13.5, 0.3 and 1.6% compare with those irrigated
by tap water. Top to root ratio decreased considerably with the increase of salts in the diluted seawater. Nelson
et al. (1993) found that the wet treatment produce 43 and 75 % more growth in height then the medium and dry
treatment. Ossas-Anderson et al. (2013) noticed that plants grown under control condition exhibited the highest
growth characters while the more severe stress conditions gave the lower growth.

Table 1: Effect of salt stress on different plan parts of jojoba plants.

Salinity Dry weight (g) of Top/root ratio
Root Stem Leaves Top Whole plant
Tap water 13.99 35.94 27.41 58.07 72.06 4.15
3000 13.81 34.39 26.91 61.30 75.11 4.44
6000 13.03 34.16 23.71 57.90 70.93 4.44
LSD at 5% N.S. N.S. N.S. 1.94 217 -

Hussain et al. (2011) revealed that minimum values of plant height, number of leavers or number of
branches/plant were obtained with the highest concentration of brackish water (9 dS/m). Faykm et al. (2010)
found that salinity level of 2000 ppm in sweater gave the highest significant average number of shoots while
increasing salt concentration decreased it. Similar results were obtained with shoot length, leaf number and fresh
weight of jojoba plants. On the other hand, Thomas (1982) concluded that jojoba plants tolerate 4 dS/M (2440
ppm) salt in the irrigation water. Yarmanos (1979) reported that jojoba plants can tolerate salts in brackish water
up 8 dS/m (4880 ppm).

Chlorophyll and carotenoids:

It is clearly shown from Table (2) that salt stress decreased chl.a, chl.b, total chlorophyll and
chl.a+chl.b:carotenoids as the concentration of salts increased. The reverse was true in carotenoids
concentrations however, chib increased with moderate salt stress and tended to decrease with high salt levels but
still more than the control.



Middle East J. Agric. Res., 3(2): 221-226, 2014

Table 2: Effect of salt stress on chlorophyll and cxarotenoids of jojoba plants.
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Salinity Chl.a Chl.b Carotenoids Chl.a+chl.b Chl.a:chl.b Chl.a+chl.b:
carotenoids
Tap water 3.69 1.40 4.46 5.12 2.69 1.30
3000 3.57 2.08 3.42 5.65 1.75 1.64
6000 3.57 1.75 2.89 5.31 2.10 1.81
L.S.D. at 5% N.S. N.S. 0.93 N.S.

Mitra and Banergee (2010) found that the depression in total chlorophyll from 63.39 to 73.33 % and
carotenoids from 27.87 to 36.84 % on Heritiera fomes with the increase in salinity from 2000 to 20000 ppm
and concluded that chlorophyll and carotenoids exihibeted negative correlation with salinity. Rodriguez, et al.
(2006) subjected rice plants to salt stress and concluded that chlorophyll content did not affected with the
moderate salinity but chlorophyll concentrations nearly doubled upon exposure to high salt. Ayala-Astorga and
Alcaraz-Melendez (2010) indicated that chlorophyll a, chlorophyll b, B-carotene, and violaxanthin significantly
decreased with exposure to higher sodium chloride concentrations at 15 and 30 days in both species In work
done with the halophyte Atriplex centralasiatica with sodium chloride concentrations ranging from 0 to 400
mM, the content of chlorophyll a + b and B-carotene remained unchanged at increased sodium chloride
concentrations (Qiu et al., 2003). Stoeva and Kaymakanova (2008) observed with beans that chlorophyll a,
chlorophyll b, and carotenoids decreased with increasing salinity (100 mM NacCl).

Foliar Fertilizers:
Growth:

Data in Table (3): showed the effect of potassium foliar fertilizer on growth of jojaba plants, the growth
vegetative parts i.e. plant height number of branches and fresh weight of root, stem, top and whole plant and
root, stem, top and whole plant dry weight. Potassium application increased the vegetative character and dry
mater of plants.

Table 3: Effect of foliar fertilizers on dry mass of different plant parts of jojoba.

Fertilizers Dry weight of | Dry weight of | Dry weight of | Dry weight of | Dry weight of | Top/root ratio
root, g stem, g leaves, g top, g whole plant, g
DW 12.74 25.06 22.21 47.30 60.04 3.71
KS 12.51 30.15 25.88 56.03 68.54 4.48
AP 15.58 45.29 29.94 79.24 84.82 5.09
L.S.D. at 5% N.S. 18.2 N.S. N.S. N.S.

Spraying of potassium sulphate (KS), Ammonium phosphate (AP) in the rate of 1g/L , and Distilled water (DW) as a control.

Salt stressed root growth is restricted by osmotic effects and toxic effects and toxic effects of ions, which
resulted in lower nutrients uptake and inhibits the salt translocation of mineral nutrients, especially K. At a result
of the similarities in physiochemical properties between Na+ and K+, Na+ could compete with K for or
building sites in key metabolic processes (Shabala and Cuin, 2008). It is also essential to the performance of
multiple plant enzymes function.

Dry, matter yield, total chlorophyll concentration, K, Zn and P uptake per plant, number of opened bolls per
plant, boll weight, seed index, lint index, seed cotton, yield per plant, seed cotton and lint yield ha™* and
earliness of harvest increased with the application of K (Sawan, et al., 2008). K foliar fertilizer resulted in high
K plant tissue concentration (Jefon and Lester, 2011).

Chlorophyll and carotenoids:

Application of ammonium phosphate showed the highest concentration of chl.a, chl.b and chl.a+chl.bas
well as total carotenoids. On the opposite side, AP showed the lowest values. The highest ratios were by
distilled water spraying and the values resulted from spraying potassium sulphate came in between (Table, 4).

Zhau, et al. (2001) concluded that decreased photosynthetic rate of deficient-K leaves of cotton plants was
mainly associated with dramatically low chl.a content and poor chloroplast ultrastructure. Abo Zinada (2009) K
application did not affect chlorophyll content.

Table 4: Effect of fertilizers on dry mass of chlorophyll and cxarotenoids of jojoba plants.

Fertilizers Chl.a Chl.b Carotenoids Chl.a+chl.b Chl.a:chl.b Chl.a+chl.b:
carotenoids
D.W. 2.86 1.25 2.72 411 2.29 1.50
KS 3.50 1.69 3.11 5.19 2.07 1.67
AP 4.48 2.29 4.94 6.77 1.96 1.35
LSD at 5% 0.77 0.42 0.91 1.88

Spraying of potassium sulphate (KS), Ammonium phosphate (AP) in the rate of 1g/L , and Distilled water (DW) as a control.
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Salt stress X potassium:
Growth:

The interactive effect of salinity and foliar fertilizers on growth of jojoba plants was illustrated in Table (5).
This data showed the improving effects of foliar fertilizer of potassium phosphate on growth parameters i.e.
stem, leaves and whole plants dry weight. Root only decreased by AP under different salt stress treatment. On
stem, the fertilizer more affected under fresh water irrigation however, for the whole plant the fertilizer was
more under salinity treatments. Generally, the improved in these parameter as a result of ammonium phosphate
exceeded those resulted from potassium sulphate spraying (1 g/l).

Table 5: Effect of foliar fertilizers and salt stress on dry mass of jojoba.

Salinity Fertilizers Dry weight Dry weight Dry weight Dry weight Dry weight of Top/root
ppm of root, g of stem, g of leaves, g of top, g whole plant, g ratio
TW D.W. 13.27 23.81 23.78 47.59 60.86 3.59

KS 12.26 30.44 26.18 56.62 68.88 4.62

AP 16.44 53.56 32.28 85.84 86.44 5.22

3000 D.W. 13.21 26.16 24.66 50.82 64.03 3.85
KS 12.54 28.64 25.24 53.88 66.42 4.30

AP 15.69 48.38 30.83 79.21 94.90 5.05

6000 D.W. 11.74 25.20 18.19 43.39 55.13 3.70
KS 12.74 31.36 26.23 57.59 70.05 4.52

AP 14.62 45.92 26.70 72.62 84.35 4.97

LSD at 5% N.S. N.S 9.18 272 668 | ...

Irrigation with brackish water, in which Mg, Ca and Na are higher than in good quality water lead to an
increase in K release and desorption (Bar-Tal, et al., 1991). Potassium uptake by plant can be affected by high
salinity and the concentration of Na in soil solution (Kafkafi, 1984). A hypothesis, that K application can reduce
the deleterious effect of salinity on plant development has been proposed. However, contradictory of the effect
of K fertilization under saline conditions on whole plant and have bean reported. This include a reduction of
salinity damages in various crops when high concentration of K are present in the root media (Bar-Tal et al.,
1991). Kaya, et al., (2001) demonstrated vegetative growth, relative water content and chlorophyll and water
use of spinach were reduced significantly by salinity and the reverse wand s true by MKP treatment. Membrane
permeability was impaired in plants grown under salinity and MKP treatment maintained the membrane by
decreasing electrolyte leakage. Foliar K fertilizer improved the drought tolerance of plants and increased growth
and yield components of wheat (Aown, et al., 2012).

Chlorophyll and carotenoids:

Table 6: Effect of foliar fertilizers and salt stress o nchlorophyll and carotenoids of jojoba.

Salinity Fertilizers Chla Chl.b Carotenoids Chl.a+chl.b Chla: Chl.a+chl.b
ppm chl.b :carotenoids
6000 D.W. 3.08 1.20 2.58 4.28 2.56 1.66

KS 3.48 1.12 3.36 4.66 311 1.37

AP 4.52 1.89 7.45 6.41 2.39 0.86

3000 D.W. 2.99 1.52 3.18 4.51 1.97 1.42
KS 3.13 1.90 3.04 5.03 1.65 1.66

AP 4.60 2.81 4.05 7.41 1.64 1.83

TW D.W. 2.51 1.04 241 3.55 2.41 1.47
KS 3.88 2.04 2.94 5.92 1.90 2.01

AP 431 2.16 3.32 6.47 2.00 1.95

LSD at 5% N.S 0.74 1.58 NS |

Spraying of potassium sulphate (KS), Ammonium phosphate (AP) in the rate of 1g/L , and Distilled water (DW) as a control.

Ammonium phosphate and potassium sulphate had a positive effect on chlorophyll and carotenoids
concentrations. This was true under different irrigation treatments. Total chlorophyll increased by 8.88, 11.53
and 66.76% when plants sprayed by potassium sulphate and by 49.77, 64.30 and 82.25 % when plants received
ammonium phosphate via leaves, under irrigation by 6000, 3000 and fresh water, respectively, compare to
plants sprayed by distilled water.

Miladinova, et al. (2013) noticed that Chl.a, chl.b and carotenoids concentrations were decreased by salinity
in some Paulownia colons. Similar response were obtained in spinach (Di Martino, et al 2003), in bean (Stoeva,
et al., 2003) and on Egyptian clover (Hussein et al., 2012). Zhao, et al (2006) that found within the range of O-
180 kg/h K2So4 the chlorophyll and amino acid increased in plants. It seems reasonable to suggest that the
improvement of K-nutritional status of might be of great importance for the survival of crop plants under
environmental stress conditions through its effect on chlorophyll and photosynthetic rate, such as drought,



225
Middle East J. Agric. Res., 3(2): 221-226, 2014

chilling, salinity and high light intensity (Cakmak, 2005). Geromi, et al. (2012) showed that with the increasing
of potassium and sodium silicate fertilizers the content of chl.a, b and total chlorophyll were increased in Oriza
sativa L. Hussein, et al. (2012) reported that MKP in the rate of 200 ppm increased significantly the content of
chlorophyll a and total phenols of pepper plants. The interaction effect of foliar fertilizer of potassium and
irrigation with saline water was significant which increase chl.a, chl.a+chl.b and chl.a: chl.b but was not
significant in chl.b and carotenoids concentration. Kaya, et al. (2009) noticed that increased salinity decreased
chl.a and chl.b content and application of MKP ameliorate the adverse effect of salt stress.
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