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Figure 4. Flow chart of steps involved in salinity studies. 
--. Salt addition equivalent to 1 bar 

• Growth measurements. o physiological measurements 

level 



33 

determined by tracing the leaf shape on paper and measuring its area 

using an automatic area meter (Model AAM-5, Hayashi Denko Co., Tokyo, 

Japan). To de~ermine the effect of salinity on defoliation or new leaf 

formation, the total number of new leaves (produced during or after 

stage II) and old leaves (produced prior to stage II) were recorded be-

fore salt addition and on harvest days. 

Physiological Measurements 

The clones differed in the amount of new growth produced during 

and following stage II. Therefore, physiological measurements were con-

fined to the first 3 leaf pairs as shown in Figure 5. In all cases, 

these were leaves that had formed during or after stage II. 

Chlorophyll Concentration. Chlorophyll concentration was de-

termined in the young leaves which were used earlier for water potential 

determinations. Total chlorophyll (a+ b) was determined using the 

Arnon' method (1949). Fresh leaves were weighed, then cut into small 

2 pieces (approximately 10 mm ). The tissue was ground with 100 ml of 80% 

acetone and a pinch of Caco3 in a blender for 2 minutes, then filtered 

through glass wool in a funnel. The filtrate was brought back to 100 ml 
. 

with 80% acetone, and then centrifuged for 2 minutes at 2,000 rpm. The 

optical density (O.D.) of the remaining solution was determined at 645 

and 663 nm wavelength using a Bausch and Lomb spectronic 20. Total 

chlorophyll was calculated using the following equation: 

Total chlorophyll mg/gr F.WT. = [(20 •2) O.D.645 + <8 •02 ) O.D.663] 
------------~~~--------~~x 0.1 F.WT. 

(3) 
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Figure 5. Assignment of new tissue for physical and physiological 
measurements. 
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C02 Exchange Rate. co2 exchange rates were determined using a 

closed system with a Beckman Model 365 infrared gas analyzer (Beckman 

Instruments, Fullerton, CA 92631:.). Procedures used were as described 

by Delaney (1972) and Foutz (1973). Prior to measuring co2 fluxes, 

plantscwere placed under a bank of seven 500 watt lamps (approximately 

10,000 foot candles) for 30 minutes to allow stomates to open. Branches 

with 4 to 8 fully developed leaves (produced during stage II) were in-

serted and sealed into a 250 ml plexiglass chamber under a bank of 

seven 500 watt lamps (10,000 F.C.). Air in the chamber circulated via 

a closed loop through the gas analyzer and back into the chamber at 

the rate of 1.75 1/min. Apparent photosynthesis (AP), dark respira-

tion (DR), post illumination burst (PIB), and gross photosynthesis (GP) 

was calculated from the slopes of the lines (Figure 6), and following 

equation: 

-2 -1 C02 fluxes (AP, DR, PIB) = C mg C02 dm hr 

~ a ~ ~ (ppm co2min )(K )(44,000 mgco2mole )(60 min.hr ) 

(690/760)b(270/300)c(0.376 liter)d c • ~~~~~~~~~~~~--~~~~--~---,----------
(leaf area)(22.4 liter mole-1)(106) 

PR = PIB-DR 

GP = AP + PIB 

Stomatal Resistance. Stomatal resistance of adaxial leaf 

(4) 

(5) 

(6) 

surfaces was measured with a Model LI-60 diffusive resistance meter, 

aSystem sensitivity = 0.587 
b Atmo-pressure, mg Hg 
c 0 Temperature, K 

dSystem volume (chamber + analyzer + tubing) 
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DARK 
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Figure 6. A recorder tracing showing C02 exchange of a jojoba cutting 
used to evaluate apparent photosynthesis (AP), dark respira­
tion (DR), and post-illumination burst (PIB). 
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using the procedures of Kanemasu et al. (1969). Leaves at first and 

4th or 5th node from the growing point were used for these measure-

ments. For each treatment, an average value was calculated after 

measuring at least six leaves for each of the nodes mentioned. 

Water Potential Measurements. After about 15 minutes adding 

solution to the field capacity early in the morning, leaf water poten-

tial was measured on young expanding leaves using a Campbell J-14 press 

(Campbell Scientific, Logan, Utah, 84321) as described by Rhodes and 

Matsuda (1976) and Bhola (1978). In these determinations, the end 

point of the press value was considered to be the end point at which 

water was expelled from uncut surface. After water potential was 

determined, the leaves were immediately placed in tightly capped 

plastic containers and stored in an ice chest for later chlorophyll 

determinations. A minimum of four leaves were evaluated for each 

treatment and their values were averaged for the reported water paten-

tial. 

Relative Water Content (RWC). RWC was determined using 

Slatyer's method (1961). 

4th or 5th node was used. 

A fully developed leaf preferably from the 

Leaf disks 6 mm in diameter (0.28 mm2) were 

punched from the leaf excluding the mid rib with a standard paper 

punch. After the fresh weight (FW) determinations of the disks, they 

were allowed to imbibe water from wet paper towels for four hours at 

4°C then blotted dry and weighed again (saturated weight-SW). They 

were then oven dried at 80°C for 24 hours and their dry weight (DW) 

.was determined. RWC was calculated as: 
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FW-DW 
RWL = SW-DW x 100 (7) 

and the succulence was determined by FW/DW ratio. 

Specific Leaf Weight. Leaves used for co2 exchange determina­

tions were detached from the plants and immediately weighed. Their area 

was determined using an automatic area meter. Specific leaf weight 

(SLW) was calculated using the following equation: 

SLW = Dry weight/unit of leaf area (8) 

Free Proline Concentration. Free proline was measured using 

the method of Hanson et al. (1977) as modified by K. Matsuda (personal 

communication, 1979). The youngest leaves or shoot tips were collected 

0 and pre-frozen at -50 c, then freeze-dried for 48~72 hours in a Lab-

Con-Co freeze-drier following which dry weights were recorded. The 

tissue was then extracted with 5 ml of distilled water in capped test 

tubes in a boiling water bath for 30 minutes. After cooling to room 

temperature, 1 m1 of the sample solution was mixed with 1 ml of glacial 

acetic acid and 1 m1 of acid ninhydrin reagent in a test tube in an ice 

bath. The tubes were then incubated in a boiling water bath for 60 

minutes, following which the tubes were placed in an ice bath and 3 ml 

of tolvene was added. The tubes were shaken vigorously using a Vortex 

mixer, and optical density (O.D.) at 520 nm was determined. Proline 

concentration was determined from a standard curve. 

Fresh acid ninhydrin reagent was prepared daily. For this, 30 

ml of glacial acetic acid, 20 ml of 6 mole phosphoric acid and 1.25 gram 

of ninhydrin were placed consecutively into a flask. The ninhydrin was 

dissolved by shaking the flask in a hot water bath. 
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Total Protein Concentration. Fully expanded leaves produced 

0 during stage II were pre-frozen at -50 C, freeze-dried for 72 hours and 

then ground in a cyclone sample mill to pass 0.4 mm mesh screen. 0.1 

gram of powdered tissue was extracted in capped test tubes using 25 ml 

of 0.8 N NaoH. The tubes were incubated in a shaking water bath for 1 

hour at 60°C. After removing from the bath, they were cooled to room 

temperature in running tap water. The tubes were then shaken in a 

vortex mixer and the extract was centrifuged in 45 ml plastic tubes at 

6,000 rpm for 3 minutes. One ml of the supernatant was diluted with 

distilled water up to 2 ml and a 0.1 ml aliquot of the diluted solution 

was placed in a test tube and 5 ml of 1:1 dilution of dye reagent 

(Biro-rad protein assay kit), was added and the optical density (O.D.) 

readings were taken after 20 minutes at 595 nm. Protein concentrations 

were then determined using a standard curve according to the procedure 

provided in the Bio-rad Laboratory bulletin 1051, 1977. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Symptoms of salt injury were only experienced on cuttings ex­

posed to the highest level of salinity used. Salt damage symptoms ap­

peared as chlorotic and bleached spots (whitish color) along the margins 

of the young and developing leaves (Figure 7) •. Older leaves which de­

veloped during or before stage II, showed the most severe salt damage 

symptoms of necrosis and tip burn (Figure 8). Severe salt damage nor 

any other symptom was evident below -16 bars except in a few occasions, 

leaf tip burn occurred on the youngest leaves of cuttings exposed to -16 

bars of salinity. 

Another symptom which occurred is shown in Figure 9. This 

symptom occurred during the establishment period, so it was not caused 

by the salinity treatment. The cause of this symptom is not known. 

Growth Measurements 

Growth expressed in terms of elongation of total secondary 

branches during the treatment period was not significantly decreased at 

any of the four salt concentrations up to the 23rd day of treatment 

(Table 2). Salinity of -2 bars actually stimulated shoot elongation. 

40 
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a. Symptoms of salt damage at -16 bars on young leaves of 
clone 1 after 16 days. 

b. Effect of 5 levels of salinity on young leaves of 4 
clones of jojoba. 



Figure 8. Symptoms of salt damage at -16 bars on old 
leaves of clone 2 after 23 days. 

42 
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Figure 9. Chlorotic symptom due to an unknown cause. 



Table 2. Shoot elongation (em) of jojoba cuttings grown under 5 salinity levels. 

Brrs 
Treatment Period (Da~s) 

Treatment Level 2 9 16 23 3oY 37Y 

T-1 Base + 0 0.26 3.98 6.02 7.57 8.42 10.50 
(control) cl a2 BC a AB a AB a AB a A a 

T-2 B+(-2) 0.23 2.36 4.55 7.61 9.90 10.27 
c a BC a ABC a AB a A a A a 

T-3 B+(-4) 0.22 2.65 5.32 5.96 7. 71 7. 77. 
B a AB a AB a AB ab A ab A a 

T-4 B+(-8) 0.31 2.86 4.03 4.26 6.22 6.68 
A a A a A a A ab A ab A a 

T-5 B+(-16) 0.23 0.97 2.50 2.91 3.47 7.80 
B a B a AB a AB b AB b A a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings was 
returned to control level. 

~ithin rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2
Within columns, means associated with the same lower case letter are not significantly different at 
5% level according to Duncan's multiple .range test. 



45 

Considering the overall effects of the 4 levels of salinity on 

shoot elongation, there was a negative linear relationship between 

"a b 2c growth rate and salt level (y = 5.84- 0.18X , r = 0.80). 

Upon transfering the plants to the control solution (stress-

release period), there was not a significant recovery at -16 bars of 

~alinity after 7 days. However, after 14 days, all the plants recovered 

from salt stress (Figure 10). The data obtained here is consistent with 

those of Tal et al. (1979) and Ben-zioni (1977) who reported no signif-

icant effect of Nacl salinity of -9.7 and -8.3 bars respectively on 

growth of jojoba. But salinity of below -8.3 bar was found to inhibit 

its growth (Ben-zioni, 1977). 

The number of new branches developed during stage III did not 

significantly differ within the treatment levels and treatment periods 

(Table 3). However, according to Ben-zioni (1977), Nacl salinity of 

-8.3 bars stimulated new shoot formation in jojoba seedlings. The dis-

agreement of above data might be related to the treatment period in 

which plants were exposed to salinity for a 3 month period. 

Obviously, the effects of salinity on growth as discussed above, 

is the result of salinity effects on node number and/or internodal 

elongation. The number of nodes formed on new branches was signif-

icantly less than that of the control (Table 4). 

Considering the effects of salinity on the internodal elongation 

and shoot diameter growth, the magnitude of error involved in measuring 

Bpredicted value of y (growth in above equation) 

b Salinity level in bars cCoefficient of determination 
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Figure 10. Shoot elongation (em) of jojoba cuttings grown under 5 salinity levels. 



Table 3. Influence of salinity levels and treatment periods on the number of new shoots (no. per 
plant) formed on jojoba. 

ljl,, Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base + 0 o.oo 0.12 0.16 0.75 0.50 0.87 
(control) Al a2 A a A a A a A a A 

T-2 B+(-2) 0.00 0.25 0.16 0.12 0.50 0.37 
A a A a A a A a A a A 

T-3 B+(-4) o.oo 0.50 0.37 0.25 0.75 0.75 
A a A a A a A a A a A 

T-4 B+(-8) 0.00 0.12 0.12 0.27 0.37 0.75 
A a A a A a A a A a A 

T-5 B+(-16) 0.00 0.37 0.37 0.12 0.62 0.87 
A a A a A a A a A a A 

a 

a 

a 

a 

a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

1 Within rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2 Within columns, means associated with the same lower case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

~ ..... 



Table 4. Influence of salinity levels and treatment periods on the number of nodes (no. per plant) 
formed on new shoots. 

lj!w Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base + 0 0.50 1.75 2.50 2.87 2.00 3.87 
(control) cl a2 BC a AB a AB a AB a A a 

T-2 B+(-2) 0.50 1.25 1.50 1.62 1.75 2.75 
B a AB a AB a AB ab AB a A a 

T-3 B+(-4) o.oo 0.75 0.87 1.50 2.25 3.25 
c a c a BC a BC ab AB a A a 

T-4 B+(-8) 0.00 1.37 0.62 2.25 1.20 2.50 
c a ABC a ABC a AB ab ABC a A a 

T-5 B+(-16) 0.00 0.75 1.00 . 0.75 2.25 2.37 
B a AB a AB a AB b A a A a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

lwithin rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2 
Within columns, means associated with the same lower case letter are not significantly different at 
5% level according to Duncan's multiple range test. 
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the above parameters was high, thus the data is not presented in this 

study. 

Exposing jojoba cuttings to 4 levels of salinity indicated that 

leaf expansion was inhibited at -4, -8 and -16 bars for 23 days, while 

leaf expansion was not affected at -2 bars (Table 5). After transferring 

the salt treated plants to the control solution, no significant re-

covery was achieved after 14 days indicating that leaf expansion in-

hibition (inhibition of cell division and enlargement) is a long-term 

effect and they did not recover from salt stress. The overall effects 

of salinity indicates a quadratic relationship between salt concentra-

~ 2 2 
tions and leaf expansion (y = 2.68- 0.21X + 0.007 X, r = 0.98). 

Salinity is known to inhibit leaf expansion of many plants 

(Ivanitskaya, 1962; Strogonov, 1964; Gausman et al., 1972). The in-

hibition of leaf expansion was attributed to the effect of salinity on 

leaf differentiation and growth brought about by reduction in leaf 

turgor (Meyer and Boyer, 1972). 

Data obtained on the effect of salinity on ne"t<T leaf formation, 

indicates that the number of leaves developed after 16 days was not 

significantly different at all levels of salinity and after 23 days, the 

number of leaves produced at -16 bars was significantly less thm1 the 

control (Table 6). However, data obtained by Ben-zioni (1977), indi-

cated that Nacl salinity of -8.3 bars induced higher leaf numbers. The 

reduction in leaf production is thought to be the result of salinity 

effect on leaf initiation occuring in the shoot tip meristem (Meyer and 

Boyer, 1972). 



Table 5. 
2 

Influence of salinity levels and treatment periods on leaf expansion (em ) of jojoba cuttings. 

1/Jw Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base + 0 o.oo 2.40 3.06 3.03 2.64 2.97 
(control) Bl a2 A a A a A a A a A a 

T-2 B+(-2) 0.00 2.07 2.40 2.95 2.02 2.26 
c a B a AB ab A a B ab AB ab 

T-3 B+(-4) o.oo 1.76 1.95 1.73 1.52 1.65 
B a A ab A be A b A be A be 

T-4 B+(-8) o.oo 1.14 1.38 1.30 1.06 1.32 
B a A b A c A be A cd A cd 

T-5 B+(-16) 0.00 1.03 0.64 0.59 0.41 0.85 
B a A b AB d AB c AB c AB d 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings was 
returned to control level. 

lwithin rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2 Within columns, means associated with the same lower case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

I.JI 
0 



Table 6. Influence of salinity levels and treatment periods on new leaf production (no. per plant) 
of jojoba cuttings. 

ljiw Daxs 
Treatment Level Bars 2 9 16 23 30Y' 37Y 

T-1 Base + 0 0.00 5.5 3.00 7.62 4.00 6.00 
(control) cl a2 AB a BC a A a AB a AB a 

T-2 B+(-2) 0.00 3.12 3.00 4.75 3.75 6.00 
B a AB ab AB a A ab AB a A a 

T-3 B+(-4) 0.00 3.25 1.62 3.62 5.75 3.87 
B a AB ab AB a AB ab A a A a 

T-4 B+(-8) 0.00 2.00 1.62 4.5 3.12 2.75 
B a AB ab AB a A ab AB a AB a 

T-5 B+(-16) 0.00 0.00 0.87 1.75 2.00 3.00 
A a A b A a A a A a A a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

lwithin rows, means associated with the same upper case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

2 
associated with the same lower case letter are not significantly different Within columns, means at 

5% level according to Duncan's multiple range test. 
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Total leaf area as expressed by number of leaves defoliated, de-

1\a 2 2 
creased with an increase of salinity (y = 1.49 + 0.02X + 0.01 X , r 

0.99), and was most severe at -16 bars (Table 7). With increasing treat-

ment period, there was a significant increase in defoliation at -16 bars. 

This indicates slow salt accumulation in the leaves. Furthermore, 

leaves which abscised due to salinity were all older leaves which either 

had necrotic symptoms of salt damage and defoliated (Figure 8) or de-

foliated possibly due to salt deposition on the leaves. The salt de-

posits were formed during stage I by the high salt level of the mist 

water (Figure 11) (Appendix F). In later stages, further salt treatment 

likely caused saturation of the leaves and induced their abscission. 

Defoliation of the control plants is further evidence for the salt de-

posit effect on leaf drop. 

Based on the information provided in Appendix D there was a 

significant correlation between shoot elongation, new shoot formation, 

node number, and new leaf production. In addition, leaf expansion was 

highly coJ:related with leaf water potentials indicating that as the leaf 

water potential increases (becomes less negative) leaf expansion in-

creases accordingly. 

Physiological Measurements 

b Total Chlorophyll Concentration 

The application of 4 levels of salinity did not have any sig-

nificant effect on jojoba's total chlorophyll concentrations for the 

Bpredicted number of leaves defoliated b Chlorophylls a and b 



Table 7. Influence of salinity levels and treatment periods on defoliation (no. per plant) of jojoba 
cuttings. 

tjlw Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base + 0 0.00 0.87 1.00 1.25 3.12 2.62 
(control) Bl a2 AB a AB a AB a A a AB a 

T-2 B+(-2) 0.00 1.25 0.125 2.37 2.50 3.37 
B a AB a B a AB a AB a A a 

T-3 B+(-4) 0.00 0.25 2.00 1.37 3.00 2.37 
B a AB a AB ab AB a A a AB a 

T-4 B+(-8) 0.75 0.62 1.95 1.75 3.75 3.75 
c a c a ABC ab ABC a AB a A a 

T-5 B+(-16) 0.00 2.12 4.50 8.50 7.75 3.33 
c a BC a B b A b A b B a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

~ithin rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2Within columns, means associated with the same lower case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

VI 
w 
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Figure 11. Salt deposited on foliage during propagation stage. 
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first 9 days (Table 8). However, after 23 days of exposure to salinity, 

the total amount of chlorophylls decreased significantly at all 4 levels 

of salinity in comparison with control. Returning the salt treated 

plants to the control solution, caused a slight recovery in chlorophyll 

concentrations. However, cuttings at -4, -8, and -16 bars still had 

significantly lower chlorophyll concentrations than the control (Figure 

12). 

Salin~ty.is known to inhibit biosynthesis of chlorophylls 

(Carter and Myers, 1963; Alberte and Thornber, 1977). The inhibitory 

effect of stress on chlorophylls seems to vary in different plants. In 

maize, Alberte and Thornber (1977) reported a 27% reduction in chloro-

phylls at -16 bars of water stress. They further showed that chlorophyll 

accumulation rapidly recovered in a 3 day period. The chlorophyll re-

duction was attributed to a reduction in the biosynthesis of chlorophyll 

b. However, in jojoba, full recovery was not apparent for 14 days after 

stress-release. This could be due to the toxic effects of salinity on 

the chloroplasts at -4, -8 and -16 bars. Chlorophyll reduction due to 
~ 2 

salinity can be predicted as y = 2.62 - 0.07X, r = 0.88. 

C02 Exchange Processes 

Apparent Photosynthesis (AP). The net photosynthesis referred 

to as true photosynthesis or apparent photosynthesis which is AP = GPa -

b c (DR + LR ), was not significantly affected by salinity of -2, -4, and 

-8 bars for 23 days (Table 9). 

aGP, gross photosynthesis 

bDR, dark respiration 

cLR, light respiration or photorespiration 



Table 8. Influence of salinity levels and treatment periods on total chlorophyll concentrations (mg/ 
gm F.WT.), of young jojoba leaves. 

1/lw Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base + 0 2.85 2.97 2.88 2. 98 2.91 2. 97 
(control) Al a2 A a A a A a A a A a 

T-2 B+(-2) 2.83 2.78 2·.87 2.18 2.47 2.71 
A a AB a A a B b AB a AB a 

T-3 B+(-4) 2.96 3.04 2.47 2.32 2.03 2.15 
A a A a AB ab B b B ab B b 

T-4 B+(-8) 3.02 2.68 2.44 2.39 1.65 1.83 
A a AB a AB ab BC b D b CD b 

T-5 B+(-16) 2.74 2.52 2.05 1.81 1.72 1.87 
A a AB a BC b c b c b c b 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

lwithin rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2Within columns, means associated with the same lower case letter are not significantly different at 
5% level according to Duncan's multiple range test. 
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Figure 12. Influence of salinity levels and treatment periods on total chlorophyll concentrations 
of young jojoba leaves •. 

~ indicates return of the cuttings to control solution. 



Table 9. Influence of salinity levels and treatment periods on apparent photosynthesis (mg co2 dm-2hr-1), of jojoba cuttings. 

ljiw Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base + 0 6.99 7.58 7.54 5.12 6.13 6.91 
(control) Al ab2 A a A a A ab A a A 

T-2 B+(-2) 7.56 7.33 8.31 6.06 6.28 7.34 
A ab A a A a A ab A a A 

T-3 B+(-4) 6.02 7.39 7.85 6.52 5.79 6.53 
A ab A a A a A a A a A 

T-4 B+(-8) 7.79 7.46 5.58 5.94 4.89 6.43 
A a A a A ab A ab A a A 

T-5 B+(-16) 4.74 5.10 4.52 3.41 6.34 8.22 
BC b BC a BC b c b AB a A 

a 

a 

a 

a 

a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

!within rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2 
case letter are not significantly different Within columns, means associated with the same lower at 

5% level according to Duncan's multiple range test. 

IJ1 
00 
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However, at -16 bars, a significant reduction was found after 

16 days. After transferring plants to non-saline solution, AP fully 

recovered and at -16 bars, it was even higher than that of control 

(Figure 13). It seems that the photochemical activity of the chloro­

plasts recovered readily under these conditions. AP was significantly 

correlated with leaf expansion (Appendix D). 

Data presented in Table 9, agree with Ben-zioni's (1977) report 

for jojoba. According to her data, a full adjustment of jojoba's 

photosynthetic system to Nacl salinity of -8.3 bars was achieved. 

Reduction in sucrose and starch accumulation in grapevines has 

been attributed to the lowered rate of photosynthesis (Downton, 1977). 

It has been further shown that growth suppression due to salinity is 

caused either by a reduction in the rate of photosynthesis per unit 

leaf area and/or by a limitation in the utilization of photosynthate 

in gro~h (Nieman, 1962). 

Dark Respiration (DR) 

A rise in salinity up to -16 bars did not have a significant 

effect on DR in jojoba and there was no significant correlation between 

the salinity of the growth medium and DR (Table 10, Figure 14). 

Although these data do not agree with that of Nieman (1962) , 

who showed Nacl salinity of -3 atmo. stimulated DR in 11 crop plants, 

however, reduced DR of jojoba under severe stress conditions (in the 

field), has been reported (Al-Ani et al., 1972). 
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Table 10. -2 -1 Influence of salinity and treatment periods on dark respiration (mg co2 dm hr ), of 
jojoba cuttings.• 

ljiw Daz:s 
Treatment Level Bars 2 9 16 23 3oY 37y 

T-1 Base + 0 2.48 2.16 1.84 1.81 2.31 2.31 
(control) Al a2 A a A a A a A a A 

T-2 B+{-2) 2.27 2.68 1.70 1.84 2.37 2.45 
A a A a A a A a A a A 

T-3 B+{-4) 2.37 1.81 1.71 1.93 2.50 2.65 
A a A a A a A a A a A 

T-4 B+(-8) 4.05 2.14 2.09 1.75 2.34 2.64 
A a B a B a B a B a B 

T-5 B+(-16) 2.65 2.55 2.05 2.24 2.46 2.19 
A a A a A a A a A a A 

a 

a 

a 

a 

a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

1 Within rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2 Within columns, means associated with the same lower case letter are not significantly different at 
5% level according to Duncan's multiple range test. 
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According to Nieman (1962) and Bernstein (1975) salinity 

stimulates dark respiration in order to retain the solute concentra­

tions required for osmotic adjustment of plants. 

Light Respiration (LR) 

63 

Salinity appeared to affect LR in jojoba (Table 11). LR which 

was estimated by subtracting DR from PIB (Post Illumination Burst) did 

not change at any salt level for the first 9 days. However, at har­

vests 3 and 4 (days 16 and 23), no LR was detectable due to loss of 

PIB (Figure 16). The disappearance of PIB hence, LR was initially at­

tributed to the higher flow rate of air passing over the plant, How­

ever, with a further reduction of flow rate, no PIB was evident. Thus, 

the loss of PIB might be related to the breakdown of enzymes of the 

photorespiration system. 

As is shown in Table 11 and Figures 15 and 16 upon transferring 

plants to control solution, PIB (and thus LR) reappeared. The magni­

tude of LR values shown in Table 11, are similar to those reported by 

Bunce (1977) and Glat (1979). 

Gross Photosynthesis (GP) 

Total photosynthesis or gross photosynthesis estimated as AP + 

PIB, apparently was not affected by any of the salt concentrations up 

to 9 days (Table 12). However, because of the drastic reduction of LR, 

hence PIB in above relation, GP was significantly reduced at -8 and -16 

bars in comparison with the control. In later harvests, GP recovered 

due to increase in PIB level (Figure 17). 



Table 11. -2 -1 Influence of salinity levels and treatment periods on light respiration (mg co2 dm hr ), 
of jojoba cuttings. 

ljiw Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base+ 0 2.26 1.60 1.99 1.43 1.03 1.59 
(control) Al a2 A a A a A a A a A a 

T-2 B+(-2) 3.00 1.54 0.24 0.26 0.37 0.46 
A a A a A a A a A a A a 

T-3 B+(-4) 3.02 1.83 00 00 0.22 0.28 
A a A a A a A a 

T-4 B+(-8) 3.28 3.53 00 00 0.14 1.19 
AB a A a B a AB a 

T-5 B+(-16) 2.20 1.40 00 00 0.03 1. 79 
A a A a A a A a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

lwithin rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2 Within columns, means associated with the same lower case letter are not significantly different at 
5% level according to Duncan's multiple range test. 
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Figure 16. Continued. 

b. Showing the recovery of PIB, 7 days after returning the cuttings to the 
control solution. 
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c. Showing the recovery of PIB, 14 days after returning the cuttings to the 
control solution. 
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d. Showing the stomatal opening and closure due to high salinity level at 
harvest 1. 



Table 12. -2 -1 
Influence of salinity levels and treatment periods on gross photosynthesis (mg co2 dm hr ), 
of jojoba cuttings. 

¢ 
w Da s 

Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 

T-2 

T-3 

T-4 

T-5 

Base + 0 
(control) 

B+(-2) 

B+(-4) 

B+(-8) 

B+(-16) 

11.28 
A a 

12.78 11.56 
A a A a 

11.41 11.04 
A a A a 

13.12 13.13 
A a A a 

9.59 9.06 
A a A a 

11.37 8.37 
A a A a 

10.26 8.16 
A ab A ab 

7.85 6.52 
A abc A ab 

5.58 5.94 
B be B ab 

4.52 3.41 
B d B b 

9.47 
A a 

9.02 
A a 

8.51 
A a 

7.37 
B a 

8.83 
AB a 

10.81 
A a 

10.19 
A a 

9.46 
A a 

10.26 
AB a 

12.21 
A a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

1
Within rows, means associated with the same upper case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

2
Within columns, means associated with the same lower case letter are not significantly different 
at 5% level according to Duncan's multiple range test. 
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An interesting feature found in a few of the cuttings at -16 

bars, was the frequent opening and closure of the stomata as indicated 

by the recorder trace (Figure 16d). This feature was evident for the 

first 2 harvests and it disappeared in later harvests. 

It can be concluded from the above data that, LR which is 

thought to be a wasteful process occurring in c3 plants and accounts 

for about 50% loss of co2 gained in photosynthesis (Zelich, 1971), was 

reduced due to salinity. Furthermore, DR was not affected significantly 

by salinity. So it seems that the theory of growth suppression due to 

accelerated DR is not true for joj.oba. Therefore, decreased AP must be 

caused by something other than increased respiration. 

Stomatal Resistance (r ) 
s 

Increased stomatal resistance to water vapor diffusion has been 

correlated with salinity induced decrease of net co2 exchange in 

Atriplex patula at -19.5 bars and cotton at -10 bars (Longstreth and 

Nobel, 1979). 

Stomatal resistance data provided in Table 13 and Figure 18 

along with co2 exchange data could indicate that reduced co2 exchange 

is partially due to increased stomatal resistance. The average resis-

tance values increased dramatically at -16 bars, which negatively corre-

lated with leaf water potentials, AP, and GP data. The stomatal 

resistance as a function of salinity level indicates a quadratic in-
~ 2 

crease of rs with increasing salinity levels (y = 7.57-0.21X + 0.11 X , 

r
2 

= 0.99). 
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Table 13. Stomatal resistances of jojoba's upper leaf surfaces measured 
at harvest 4 (23 days after salt addition). 

Salinity Stomatal Resistance-sec/em 
Treatment Level Mean 

Level (Bar) Youngest Leaf 4th-5th Node Resistances 

T-1 0 7.15 a 7.95 a 7.55 a* 

T-2 -2 4.60 a 7.55 a 6.07 a 

T-3 -4 6.55 a 6.90 a 6. 72 a 

T-4 -8 9.60 ab 6.65 a 8.12 a 

T-5 -16 17.10 b 14.15 a 15.62 b 

*Each point is average of 24 values. 
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According to Adams et al. (1978), a similar increase in rs ap­

peared when jojoba seedlings were exposed to a soil water potential of 

-15 bars. They further stated that at low leaf water potentials (-20 

bars), stomata appeared to be partially open in light. 

Perhaps, the ability of jojoba leaves to maintain partial 

stomata openings is the reason for maintaining a net positive photo-

synthesis at low water potentials. 

Plant Water Relations 

Leaf Water Potential NLl· Cell growth and elongation depends 

on the maintenance of turgor and higher water potentials within the 

plant (Hsiao, 1973). Thermodynamically, maintenance of a gradient of 

energy between the roots and the shoots is necessary for water uptake. 

75 

Thus, the youngest leaves, theoretically will have lower w1 and when ex­

posed to salinity, will be the first to be adversely affected. There-

fore, measuring the $1 of the younger leaves seems to give a true 

indication of plant water status. For this reason, the youngest and 

developing leaves were used to measure the $1 • 

Data presented in Table 14 and Figure 19 indicate that the leaf 

xylem water potential was markedly reduced (became more negative) at -16 

bars for 23 days. According to Bernstein (1975), growth in saline en-

vironments depends on the maintenance of turgor and osmotic adjustment 

and it is achieved by the additional uptake of inorganic salts (Cl-, 

+ 2+ Na , Ca ), or synthesis of organic solutes (proline, sugars, organic 

acids). Osmotic adjustment of jojoba as indicated by low $1 at -16 bars 



Table 14. Influence of salinity levels and treatment periods on jojoba's leaf xylem water potentials 
(Bars). 

1/Jw Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base + 0 -lr. n -18.40 -19.03 -18.23 -20.89 -19.84 
(control) A a2 A a A b A a A ab A a 

T-2 B+(-2) -20.11 -19.56 -20.21 -19.00 -20.97 -17.89 
A a A a A b A a A ab A a 

T-3 B+(-4) -19.03 -19.04 -20.81 -17.77 -18.12 -17.72 
A a A a A ab A a A b A a 

T-4 B+(-8) -24.40 -20.98 -20.77 -20.79 -20.64 -19.86 
A b A ab A ab A a A ab A a 

T-5 B+(-16) -28.05 -24.89 -24.47 -25.74 -22.83 -19.53 
A b A b A a A b A a A a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

1 
Within rows, means associated with the same upper case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

2 Within columns, means associated with the same lower case letter are not significantly different 
at 5% level according to Duncan's multiple range test. 
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in consistent with the reported high salt tolerance of jojoba (Yermanas 

et al., 1967; Adams et al., 197a; Tal et al., 1979). 

Frequent tip burn of younger leaves of treatment 5 (-16 bars), 

is an indication that -16 bars is near the limit of salinity that 

jojoba can withstand. 

A linear decrease in ~L of jojoba was found with increasing 

salt concentrations (~ = 21.45-0.24X, r 2 
= 0.89) and the ~L for 4th or 

5th node was slightly lower than that of younger leaves. 

Relative Water Content (RWC). Salinity below -2 bars caused 

reduction in the RWC of jojoba measured on the 4th leaf pairs, which 

was significantly different at -8 and -16 bars in comparison with con-

trol (Table 15). The osmotic adjustment of jojoba at -16 bars was also 

78 

reflected in RWC data. After transferring to non-saline solution, there 

was little RWC increase (Figure 20). 

Leaf Succulence. A significant increase in leaf succulence of 

jojoba was evident at -16 bars (Table 16). This difference was also 

maintained after transferring plants to non-saline solution (Figure 21). 

An increase in leaf succulence of jojoba has been also reported 

by several authors (Yermanas et al., 1967; Tal et al., 1979). Increased 

leaf succulence under saline conditions brought about by excess accumula-

tion of Cl- ions is considered an adaptive mechanism for halophytes 

(Jennings, 1968). 

Comparing the succulence values obtained for Atriplex halimus 

(Gale and Poljakoff-Mayber, 1970) and!· patula (Longstreth and Nobel, 

1979), it becomes obvious that for halophytes which are fully adapted 



Table 15. Influence of salinity levels and treatment periods on relative water content (%),of 
jojoba's developing leaves. 

ljlw Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base + 0 86.38 88.42 92.03 96.00 94.62 93.62 
(control) Al a2 A a A a A a A a A 

T-2 B+(-2) 83.62 84.32 92.93 94.44 93.60 94.36 
A a A ab A a A a A a A 

T-3 B+(-4) 78.02 77.18 82.46 87.18 91.60 94.02 
A ab A abc A a A a A a A 

T-4 B+(-8) 64.20 73.01 81.93 81.00 85.80 87.15 
B b AB abc A a A ab A a A 

T-5 B+(-16) 58.45 58.62 76.69 69.27 68.02 79.21 
B c B be AB a AB b AB b A 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

~ithin rows, means associated with the same upper case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

2 Within columns, means associated with the same lower case letter are not significantly different 
at 5% level according to Duncan's multiple range test.· 
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Table 16. Influence of salinity levels and treatment periods on leaf succulence (F.wt./D.wt. ratio), 
of jojoba cuttings. 

1/lw Da s 
Treatment Level Bars 2 9 16 23 30Y 37Y 

T-1 Base + 0 3.28 3.41 3.34 3.26 3.25 3.43 
(control) Al a2 A a A a A a A a A b 

T-2 B+{-2) 3.32 3.64 3.63 3.-40 3.54 3.42 
A a A a A ab A a A a A b 

T-3 B+{-4) 3.13 3.28 3.65 3.68 3.66 3.60 
B a B a A ab B a B a B b 

T-4 B+{-8) 3.24 3.27 3.79 3.96 3.95 3.70 
B a B a A ab B ab AB ab AB b 

T-5 B+(-16) 4.71 4.99 4.23 4.58 4.75 4.56 
c b BC b A b B b B b A a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

1Within rows, means associated with the same upper case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

2 Within columns, means associated with the same lower case letter are not significantly different 
at 5% level according to Duncan's multiple range test. 
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to saline environments, succulence is much higher than that of jojoba, 

e.g., in A· halimus, it is 6.9 at -15 bars of NaCl. 

Specific Leaf Weight (SLW). Dry weight per unit of leaf area 

(SLW), was significantly increased after 23 days of exposure to -16 

bars (Table 17, Figure 22). Increase in SLW significantly correlated 

with leaf succulence. Increase in SLW was thought to be the result of 

excessive ion uptake, organic acid synthesis or compact leaf structure 

due to salinity. 

Free Proline Accumulation 

Proline accumulated in shoot tips and undeveloped leaves with 

increases in salinity (Table 18), However, there was no significant 

increase in proline levels at 4 salinity levels until 23 days of exposure 

to -16 bars. Proline levels rapidly decreased to the control level during 

the stress-release period (Figure 23). Similar recovery has been re-

ported for sorghum (Blum and Ebercon, 1976) and jojoba (Tal et al., 1979). 

A linear correlation was found between salinity level and proline 

2 
accumulation (Y = 4.98 + 0.36X, r = 0.94), 

Free proline accumulates rapidly in many plants in response to 

water stress (Singth et al., 1973), or salinity stress (Chu et al., 

1976). The accumulation of proline in response to salinity is partie-

ularly marked in some halophytes. It has been suggested that this 

compound may function in restoring osmotic equilibrium in halophytes 

(Stewart and Lee, 1974). However, the contribution of this compound 

in osmotic adjustment in glycophytes is of little value (Chu et al., 

1976). This might be due to low levels of proline in glycophytes. 



Table 17. Influence of salinity levels and treatment periods on specific leaf weight (mg d.wt. cm-2), 
of jojoba cuttings. 

tjlw Da s 

Treatment Level Bars Day 2 9 16 23 3oY 37y 

T-1 Base + 0 li.28 2 14.06 14.02 14.85 14.13 14.83 
(control) A a A a A a A a A a A a 

T-2 B+(-2) 14.57 14.81 16.54 14.70 14.37 14.11 
A a A a A ab A a A a A a 

T-3 B+(-4) 14.39 14.53 15.23 15.49 14.82 14.07 
A a A a A ab A a A ab A a 

T-4 B+(-8) 14.26 14.13 16.70 18.33 16.30 14.91 
B a B a AB ab A ab AB ab AB a 

T-5 B+(-16) 17.14 19.04 19.96 20.30 18.49 16.36 
AB a AB b AB b A b AB b B a 

Yeuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

lwithin rows, means associated with the same upper case letter are not significantly different at 5% 
level according to Duncan's multiple range test. 

2 Within columns, means associated with the same lower case letter are not significantly different at 
5% level according to Duncan's multiple range test. 
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Table 18. -1 Influence of salinity levels and treatment periods on proline accumulation (mg gm d.wt.), 
in jojoba's shoot tips and undeveloped leaves. 

1/Jw Da~s 
Treatment Level Bars 2 9 16 23 30Y 37'y 

T-1 Base + 0 4i44 4.57 4.94 4.86 4. 77 3.55 
(control) A a2 A a A a A a A a A a 

T-2 B+(-2) 5.15 5.22 8.06 9.96 5.78 3. 77 
A a A a A a A ab A a A a 

T-3 B+(-4) 6.06 6.22 8.57 9.40 6.09 3.88 
A a A a A a A ab A a A a 

T-4 B+(-8) 6.07 8.78 9.18 9.85 6.24 4.19 
A a A a A a A ab A a A a 

T-5 B+(-16) 7.82 9.93 9.51 19.96 12.96 4.67 
AB a AB a AB a A b AB a B a 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

1 
Within rows, means associated with the same upper case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

2 
Within columns, means associated with the same lower case letter are not significantly different 
at 5% level according to Duncan's multiple range test. 
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In order to get proline accumulation, higher stress values are 

required (Bhola, 1978). According to Bhola (1978), relatively low con­

centrations of NaCl (-4 bars), induced little proline accumulation in 

barley and bent grass. However, at -10 bars, proline accumulated to a 

significant level. Low levels of proline accumulation in jojoba in 

this study could have been due to the gradual increase of salinity over 

several days. As Chu et al. (1974) reported in barley, gradual decrease 

of osmotic potential of root medium caused only 5.5 mg/g d.wt. proline 

accumulation in 10 days in comparison with 11 mg/g d.wt. in 72 hours 

with abrupt exposure to -10.7 bars. 

Proline accumulation significantly correlates with ~Leaf 

(Appendix D), as was also found by Greenway and Leachy (1972). Ac­

cording to them, turgor potential within the cell is the major deter­

minant of proline metabolism. 

Total Protein Concentrations 

Protein concentrations were found to decrease in response to 

salinity (Table 19). The decrease was evident only after 16 days of 

exposure to salinity. A significant reduction in protein concentration 

occurred at -16 bars. However, a non-significant stimulation of 

protein synthesis was found at -2 bars. All the plants transferred to 

the control solution except those at -16 bars recovered and their total 

protein concentrations reached the control level (Figure 24). At -16 

bars, no recovery was evident. This indicates that the inhibition of 

protein synthesis rather than its breakdown is caused by high salt 

concentrations. 



Table 19. 

Treatment 

T-1 

T-2 

T-3 

T-4 

T-5 

-1 Influence of salinity levels and treatment periods on total protein concentrations (mg gm 
d.wt.), in develop~ng jojoba leaves. 

Da s 
Level Bars 2 9 16 23 30Y 37Y 

Base + 0 188.85 171.02 164.10 165.00 167.00 148.20 
(control) A1 a2 AB a AB ab AB a B a B a 

B+(-2) 186.22 175.25 177.95 166.25 146.60 157.25 
A a AB a AB a ABC a c a BC a 

B+(-4) 176.12 171.57 167.80 157.75 135.27 150.82 
A a A a A a AB ab B a AB a 

B+(-8) 179.65 172.90 158.82 162.90 134.87 157.77 
A a A a AB ab A a B a AB a 

B+(-16) 178.77 156.67 140.22 134.56 '125 .07 121.10 
A a AB a ABC b BC b c a c b 

Ycuttings were no longer under salt stress. Starting on day 24, the salinity level of all cuttings 
was returned to control level. 

lwithin rows, means associated with the same upper case letter are not significantly different at 
5% level according to Duncan's multiple range test. 

2 
Within columns, means associated with the same lower case letter are not significantly different 
at 5% level according to Duncan's multiple range test. 

co 
\0 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

The objectives of the present study were to find out which 

level of salinity causes a significant growth inhibition in jojoba 

cuttings and what physiological processes are affected by salinity. 

Based on the pooled means of 6 harvests, the effect of 4 salin­

ity levels on various parameters indicate that salinity of -16 bars had 

a deliterious effect on jojoba. Although salt damage symptoms did not 

appear frequently, the inhibitory effect of salinity at -16 bars was 

evident on jojoba's growth expressed as shoot elongation, new leaf 

production, node number, and leaf expansion. 

Regarding the physiological effects of salinity on jojoba, it 

was found that salinity did not affect dark respiration in jojoba. 

However, the rates of apparent photosynthesis and light respiration 

was lowered at higher salt levels. Thus, the theory of gro~~h suppres­

sion due to accelerated respiration does not account for jojoba's 

growth inhibition. 

Increased stomatal resistances at -16 bars and chlorophyll re­

duction may have been responsible for the significant reduction in 

photosynthesis. The significant correlation between AP and average 

stomatal resistance further supports the above conclusion. 

Jojoba's water status measured by leaf water potentials, RWC, 

and succulence indicates that as RWC was reduced at higher salt 
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concentrations, ~Leaf was lowered accordingly, which indicates osmotic 

adjustment to salinity. 

Leaf succulence which was also increased due to salinity is 

another indication of jojoba's ability to adapt to a certain level of 

salinity. 

Proline accumulation in response to salinity was not appreciable. 

Although there was a non-significant increase in proline levels with 

time and salt concentrations, its accumulation was not high enough to 

account for osmotic regulation. Total protein concentrations was re­

duced at -16 bars. 

A review of the data indicates that the salinity effects on 

growth, co2 exchange processes, a water status changes was reversable 

at higher salinity levels. Furthermore, at -2 bars, some processes were 

estimulated over the control. 

Finally, as it is shown in Appendix E, the pooled means of 5 

treatments and 6 harvests indicate that clone 3 was superior to the 

other clones for shoot elongation, new shoot formation, node number, 

and new leaf production. Clone 1 which apparently showed higher growth 

rates, was not significantly different from clone 3 in terms of leaf 

expansion, new shoot formation, apparent photosynthe&is, and leaf water 

potentials. Clone 2 showed the least growth rate considering the shoot 

elongation, node number, and new leaf production, in comparison with 

clone 1 and 3. 



APPENDIX A 

DESIGN, CONSTRUCTION, AND OPERATION 

OF THE SAND CULTURE SYSTEM 

Growing plants in sand culture systems has long been a useful 

method for studying nutritional and salinity problems in many crops 

(Bingham et al., 1968; Greenway, 1961; Mohammad-Faruque, 1968; Paliwal 

and Maliwal, 1972; Patel et al., 1975). 

Sand culture systems provide a degree of nutritional, salinity, 

and pH control that is hard to achieve in soil. For these reasons, a 

sand culture system was used in conducting this study on salinity ef-

fects on jojoba. The objectives in designing and conducting the sand 

culture system were to: 1) have a system which would provide uniform 

moisture and salinity conditions, 2) have a system which could be auto-

mated, and 3) have a system which is easy to operate, inexpensive to 

construct and constructed of readily available materials. 

Schematic diagrams and description of operation of the system 

which was developed to meet the above criteria are given on the follow-

ing pages. 

In general, the system operated by pumping the solution from 

the tank through the distribution manifold and the distribution tubes 

into the pots. Each distribution tube ended with a plastic nozzle 

0 (model MS-4A) which spread the solution in a 150 arc parallel to the 

sand surface. After application, solution gravimetrically drained 

93 



94 

from the pots via the drainage tubes to the drainage manifold then back 

into the solution tank. The system was operated by connecting the 

pump to a 24 hour time switch, a 2 hour repeat cycle timer, and the 

power source in series. The system was timed to irrigate the plants 

for one 3-minute period every 2 hours during the establishment period. 

The solution was added at the rate of 300 ml/minute. During the treat­

ment period, the system was timed to irrigate the plants for one 2-

minute period every one hour and solution was added at the rate of 400 

ml/minute. 

The daily loss of water through evapotranspiration was re­

placed by adding distilled water from a secondary tank. Distilled 

water additions were controlled by a float valve and a solenoid valve 

which were operational only around mid-night when the solution level 

in the storage tank was stabilized. 

Between stages II and III, the system was modified to accomo­

date the use of 5 treatments in a randomized complete block design 

(Figures A-3, A-4). The detailed structure of each design is given 

in the following section. 

Establishment period (Stage II) 

The major parts of the system for the establishment period are 

shown in Figures A-1 and A-2. 

The pots were made of 4" diameter, white, schedule 40 PVC pipe 

cut 12" long. After filing both ends and sanding them with sand paper, 

a 5" x 5 11
, schedule 80 PVC sheet was cut and glued to one end of the 4" 

diameter pots as a base. A 7/32" hole was drilled 1/5" from the base 



Figure A-1. Schematic diagram of sand culture system used for cutting establishment. 

1. jojoba cutting 24. dist. tube 
2. spray nozzle 25. plastic nozzle 
3. 3/16" poly-flo dist. (MS-4H} 

tube 26. 4xl2", sch.40, white 
4. Silica sand (20 mesh} PVC pipe +----23 
5. 4xl2" white PVC pot 27. plastic screen (18xl7 
6. bench mesh) 
7. ~" poly-flo drainage 28. glass wool 

tube 29. drainage tube 

----24 
-+----25 

8. 3/4" black polyethy. 30. 5x5" PVC base 
dist. manifold 

9. bench support 
10. flow regulator valve 
11. 2" PVC drainage mani-

fold (white Sch.40) 
12. 15 gal. plastic can 

with lid (distilled 
H20) 

13. pump (little giant 
Model 4E-34NR) 

14. 3/4" union (sch.80) 
15. floor 
16. float valve 
17. solenoid valve (3/4") Part 5, details of the sand culture container. 
18. float ball 
19. 15 gal. plastic can 

(solution) 
20. repeat cycle timer 

(2 hour) 
21. time switch (24hour) 
22. power source 
23. mounting clip (!t;") 
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Figure A-1. Schematic diagram of sand culture system used for cutting establishment • 
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a 

Figure A-2. Sand culture system used for salinity studies. 
a. Prior to transplant. 
b. After transplanting. 
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of the pots to allow insertion of the drainage tube. A ~" mounting clip 

was attached to the inner wall of the pots about 2/5" from the top. The 

mounting clips were used to hold the distribution tubes in place. 

The solution distribution system consisted of a distribution mani-

fold and tubes. The distribution manifold was made of a 210" long, 3/4" 

diameter, flexible black polyethylene pipe in which 120 8/15" holes were 
. "" 

drilled at 1~" intervals. A distribution tube was inserted in each of 

the holes in the manifold. The tubes were 48" long pieces of 3/16" 

diameter black poly-flo tubing. A plastic nozzle (model MS-4A) was in-

serted at the end of each distribution tube. 

Drainage system consisted of a drainage manifold and drainage 

tubes. For the drainage manifold, two 9' long and 2" diameter schedule 

40 PVC pipes were connected to each other with a 2" diameter schedule 

40 PVC tee. The two ends of the pipes were closed with 2" PVC caps. 

One hundred twenty, 15/64" holes were made at 1" intervals in the pipe 

to connect the drainage tubes. A 36" long, ~" diameter poly-flo (blue 

and red colors) tube was used to drain each pot into the drainage mani-

fold. The end of the tube in the pot was cut slanted to facilitate 

drainage of the pot. 

A 15 gallon plastic garbage can was used as a solution tank. A 

2" diameter hole was made ~" from the bottom and a 3.5 amp, submersable 

pump was attached on the outside of the tank with the impeller i.nserted 

through the 2" hole. A 21" long, 3/4" diameter PVC pipe was used to 

connect this pump to a secondary pump. A 3/4" schedule 80 union was 

placed between the two pumps to facilitate the coupling and uncoupling 

of the tank from the rest of the system. In addition, a 3/4" schedule 
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40 PVC valve was put be~ween the second pump and the dis~ribution mani­

fold to regulate the flow rate of the solution. 

Sys~em Preparation and Operation 

Before connecting the pots to the manifolds, they were scrubbed, 

dipped in 0.5% common household bleach and rinsed with tap water. To 

prevent sand removal through the drainage tube, 2 layers of 4" dia­

meter fine plastic screen (17 x 18 mesh) were cut and with a few layers 

of glass wool (5" diameter) in between the screens, were placed on the 

bottom of the pot, over the end of the drainage tube. 

Grade 20 (0.84 mm} silica sand was used and was prepared by 

washing it with running tap water for 3 minutes, followed by distilled 

water for 15 minutes. Each pot was filled with 3.2 kg (2.5 liter) of 

sand. The sand used had 43.3% pore volume and 55.5% of the total pore 

volume at "field capacity" was air porosity. The moisture content of 

the top 2" of the sand dried out during the day. However, below 2" of 

the surface, it remained close to field capacity for 24 hours following 

the last irrigation. 

To determine whether pots drained completely, a tensiometer 

was placed in each of 2 pots, one resting on the bottom of a pot and 

the other one halfway down in another pot. Readings obtained from 

the two tensiometers were similar indicating the drainage was adequate. 

Treatment Period (Stage III) 

For the treatment period, the sand culture system was modified 

so that 5 different salt levels could be applied to the containers in 

a randomized complete block design (Figures A-3, A-4). For each 
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treatment, the system consisted of a solution tank, distribution mani­

fold and distribution tubes, drainage manifold and drainage tubes. How­

ever, these changes were made to modify the system: 

1. The distribution manifold was designed so the solution tank 

could be placed at the end of the bench rather than in the 

center (Figure A-3). 

2. A 17' long, 1" diameter, schedule 40 PVC pipe was used as a 

drainage manifold for each treatment instead· of a 2" pipe. 

3. For each treatment, a 10 gallon plastic can was used as a 

solution tank and a non-submersable pump was connected to it 

via a 3/4" schedule 40 PVC union. 

4. Distilled water was added manually every morning instead of 

using solenoid and float valves. 

Maintenance 

The daily loss of water through evapotranspiration was replaced 

by adding distilled water every morning before the system was turned 

on. For pH control, 0.5 N Hcl and KoH were used throughout the experi­

ment period, it was adjusted within the range of 5.2-6.5. The solution 

was renewed biweekly during stage II and weekly during stage III. Be­

fore adding new solution, the system was flushed with distilled water 

for 5 minutes to leach out any salt which may have been accumulated due 

to evapotranspiration. 
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Figure A-4. Salt solution delivery and return system. 



APPENDIX B 

COMPOSITION OF HALF-STRENGTH HOGLAND SOLUTION 

USED AS BASE NUTRIENT SOLUTION DURING 

STAGE II AND III 

Prepare the following solution concentrates in distilled water 

and make up final solution of ten (10) liters using 50 ml of A. B, and 

C and 5 ml of D. 

Concentrate A 
Salt gram/liter 

K N03 
KHzP04 
Mg S04•7H20 

50.55 
13.61 
49.30 

Concentrate C 
Salt gram/liter 

Geigy-330 5. 04 
(Iron chelate, 
sodium ferric 
diethylene 
triamine penta­
acetate, 10.0% 
Fe = 14.2% 
Fe

2
o

3
) 
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Concentrate B 
Salt gram/liter 

118.08 

Concentrate D 
Salt 
H3B03 
MuS04•HzO 
ZnS04•7Hz0 
euso4 ·5Hz0 
H

2
M004 (85%) 

gram/liter 
2.850 
1.538 
0.219 
0.078 
0.020 



APPENDIX C 

CONCENTRATION OF NACL + CACL2 SOLUTION 

(1:1 MOLAR RATIO) FOR DIFFERENT WATER POTENTIALS 

(CALCULATED ACCORDING TO VAN'T HOFF'S LAW)* 

Nacl Cacl2 
Treatment Level lj!w (bars) Ww (atm) (gm/1) (gm/1) 

1 0 0 0 0 
2 -2 1.974 0.959 2.411 
3 -4 3.948 1.918 4.822 
4 -8 7.896 3.877 9.644 
5 -16 15.792 7.675 19.288 

*Van't Hoff's Law 

IJ.·w =ljJII = - MIRT 

m = molarity of the solution 

I = Ionization of the solute (I • ·2 for Nacl) 

R = Gas constant (0.083 liter bars/mole degree) 

T = Absolute temperature (Kelvin) 

1jJ ,lj!II = solution water and osmotic potentials respectively 
w 

example: For Treatment 2 

Nacl: 1jJ 1 = -0.0164 X 2 X 0.083 X 298 ~ -0.811 bars w-

Cacl2 : 1jlw_2 = -0.0164 X 3 X 0.083 X 298 a -1.21 bars 

Total 1jJ = -0.801 + (-1.202) = 2.003 bars 
w 

Total salt concentrations = 0.164 (58 .5) + 0.164 (147 .02) 

= 0.959 + 2.411 • 3,370 gr/1 
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Total 
ppm 

0 
3,370 
6, 740 

13,481 
26,963 



APPENDIX D 

CORRELATION COEFFICIENTS (r) 

BETWEEN VARIABLES MEASURED DURING 

THE SALINITY STUDIES 
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.·o. Variable ·Na me 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Shoot elongation 

Nev: shoot n umber 

Node no. on n ew 
s hoots 

Le c.f e x pansion 

New leaf production 

Defoliation 

Proline 
concentrations 

Protein 
concentrations 

Leaf -v;ater 
potentials, '1/Jw 

RWC 

Succulence 

Chlorophyll 
concentration 

AP 

DR 

r (young leaf) s 

r (4th node) 
s 

r (av erage) 
s 

GP 

LR 

Shoot elongation 
1 -

0.27* 2 

0. 87 II 0. 6811 

0.39* 0.03 

0. 6liJ 0.61/1 

0.13 0.09 

-0.10 -0.10 

0.11 -0.04 

0.85* 0.43 

-0.3* -0.10 

0.24* 0.10 

-0.15 -0.09 

-0.07 -0.04 

0.16 0.04 

-0.79* -0.09 

-0.32 -0.05 

-0.30 -0.09 

-0.39 -0.20 

0.007 0.03 

-0.06 0.04 

* Sign ific a.a.1 ce level, 5%) P) 1% 

{,! Signific cn ce l evel, P ( 1% 

Node no. 
3 

0. 241! 
Leaf e x:p 2.nsion 

4 

0.71# 0. 4211 
New l eaf production 

5 

0.08 -0.251.! 

-0.15 -0.08 

0.03 

-0.16 

Defoliation 
6 

0.05 
Proline 

7 

-0.12 0.07 -0.03 ' -0.580 -0.19* 

0.06 0 . 8 7 If · o . o 9 -0.24* -0.61* 

-0.2611 -0.20 -0. 28fJ 0. 33 li 0. 271.1 

0. 21* 0. 2 911 0.25/1 0.13 -0.13 

-0.24/1 -0.05 -0.21* 0.20* 0.10 

-0.11 0.07 -0.04 -0.53/1 -0.23* 

0.13 0.74* 0.14 -0.22* -0.17 

-0.13 -0.16 -0.2* 0.09 -0.01 

-0.28 -0.56* -0.38 0.6611 -0.20 

-0.15 -0.35 -0.40 0.43 0.12 

-0.32 -0 . 6 2 If - o . 3 8 o. 7 3 If 0.30 

0.03 0.06 0. 04 -0.3211 -0.15 

-0.08 -0.05 0.01 -0. 3 4* -0.09 

Protein 
8 

0.10 
Leaf 'f' w 

9 

0.5211 0.37 

-0.251! 0.85 

-0.34/J 0.04 

SL~T 

10 

0.63* 

0 . 83/1 

RHC 
11 

0. 48* 
Succulen ce 
12 

0.69# 0.04 -0.46# -0.31# -0.30# 
Chlorophyll 
13 

0.19* -0.01 -0.270 

:... 0.02 0.08 0.16 

0. 4 9 0.39 0.15 

-0.13 -0.40 0.19 

0.18 -0.09 
AP 

0.22* 14 

-0.29fi -0.05 -0.08 -0.02 

-0.35 -0.32 0.24 -,-0.43 

0.06 -0.06 o. 03 -0. 7 8 II 

-0.36 0.740 0.48* . -0.34 0.09 -0.26 ~0.81# 

0. 2411 0. 45 o.33# -o.o7 -0.19* o. 3ofi ,o.aoo 

DR 
15 

0.51* 

0.34 

0 :"42 

rs ( young) 
16 
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o. 57 If 
rs (4th node) 
17 

0 . 6 4 li 0 . 6 5 fj 
r s (c.ve r ag e) 
18 

GP 
0.13 -0.35 -0.63 # - 0.69fi 19 

LR 
0.22 0 0.78 -0.34/1 -0.17 -0.20* 0.30f 0.41* -0.12 -0.24 -0.49* -0.37 0. 830 20 



APPENDIX E 

POOLED MEANS OF SALINITY LEVELS AND 

TREATMENT PERIODS EFFECTS ON 4 CLONES 

OF JOJOBA 
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Variable Name Block 1 (Clone 1) Block 2 (Clone 2) Block 3 (Clone 3) Block 4 (Clone 4) 

Shoot growth 4.01 ± 4.15 b1 1.36 ~ 1.53 a 10.97 ± 7.41 c 2.60 ± 1.98 ab 
Node 0 on new growth 1.55 ± 1.58 b 0.62 ± 0.64 a 3.21 ± 1.91 c 1.36 ± 1.23 b 
New shoot formation 0.45 ± 0.54 ab 0.28 ± 0.47 a 0.68 ± 0.86 b 0.23 ± 0.51 a 
Leaf expansion 1.70 ± 0.75 b 1.81 ± 0.92 b 1.89 ± 1.09 b 1.37 ± 0.81 a 
New leaf development 2.82 ± 2.55 a 1.23 ± 1.32 a 6.32 ± 4.78 b 2.41 ± 2.24 a 
Defoliation 2.96 ± 2.99 b 0.81 ± 1.20 a 2.65 ± 2.95 b 2.36 ± 2.82 b 
Chlorophyll 

concentration 2.34 ± 0.50 a 2.52 ± 0.58 a 2.47 ± 0.54 a 2.43 ± 0.55 a 
Apparent photosynthesis 6.69 ± 2.00 ab 5.78 ± 1.47 a 7.18 ± 1.98 b 6.03 ± 2.39 ab 
Dark respiration 2.91 ± 1.12 c 2.20 ± 0.54 b 1.79 ± 0.34 a 2.24 ± o. 74 b 
Photorespiration 0.13 ± 2.69 a 0.39 ± 2.41 a 1.32 ± 1.29 a 0.55 ± 2.76 a 
Stomatal resistance 

(young) 8.68 ± 11.15 a 6.84 ± 2.54 a 5.68 ± 2.26 a 14.80 ± 8.46 a 
Stomatal resistance 

(4th node) 5.60 ± 1.65 a 8.92 ± 2. 72 a 4.50 ± 1.06 a 15o50 ± 11.68 a 
Stomatal resistance 

(mean) 7.14 ± 5.81 a 11.12 ± 7.05 a 8.96 ± 9.67 a 15.18 ± 9.37 b 
Leaf 1J.w (young) -21.48 ± 4.05 b -19.21 ± 3.14 a -20.88 ± 2.55 ab -19.52 ± 3.36 a 
Leaf t)iw (4th node) -26.81 ± 3.28 b -23.60 ± 4.92 a -26.57 ± 2.76 b -25.93 ± 6.33 ab 
RWC 83.92 ± 15.09 ab 81.23 ± 21.90 a 86.80 ± 9. 77 ab 90.36 ± 7.13 b 
Succulence 3.57 ± 0.70 b 4.00 ± 0.91 c 3.20 ± 0.40 a 3.50 ± 0.76 b 
SLW 50 ± 7.00 b 50 ± 13 c 40 ± 6 a so ± 9 b 
Proline concentration 6.88 ± 5.54 a 9.10 ± 13.00 a 6.20 ± 2.25 a 6.30 ± 4.42 a 
Protein concentration 153.01 ± 19.95 a 163.88 ± 26.05 a 160.02 ± 20.50 a 161.12 ± 24.34 a 

1 Means ± SD within the row followed by the same letter are not significantly different at 5% level 
according to Duncan's Multiple Range Test. 



APPENDIX F 

ANALYSIS OF WATER USED FOR MISTING 

JOJOBA CUTTINGS DURING PROPAGATION STAGE 

108 



Ion Ca Mg Na 

ppm 39 4.5 16 10 18 156 

meq/1 1.95 0.37 0.69 0.28 0.37 2.55 

0 2 

0 0.14 

B F TDS pH 
EC Xl0

3 * 
SAR* mmho/cm 

0.03 0.14 244 7.4 0.639 

24.4 

*According to U.S. Salinity Laboratory classification, this water is classified as c2 s1 , which is a 
medium salinity - low sodium water. However, the high bicarbonate level is likely fo cause salt 
deposition on the leaves. 



APPENDIX G 

DAILY MINIMUM AND MAXIMUM TEMPERATURES 

DURING THE TREATMENT PERIOD OF A STUDY 

ON SALINITY EFFECTS ON JOJOBA 

Date Min. (°F) 0 Max. ( F) Date Min. (°F) 0 Max. ( F) 

12/22/79 58 100 1/22/80 60 80 
12/23/79 64 102 1/23/80* 78 82 
12/24/79 59 88 1/24/80 60 83 
12/25/79 60 98 1/25/80* 58 83 
12/26/79 60 103 1/26/80 61 88 
12/27/79 67 89 1/27/80 61 94 
12/28/79 60 95 1/28/80 61 92 
12/29/79 60 101 1/29/80 65 86 
12/30/79 58 88 1/30/80* 62 90 
12/31/79 58 103 1/31/80 62 86 
1/1/80 60 104 2/1/80* 63 72 
1/2/80 59 102 2/2/80 64 83 
1/3/80 58 106 2/3/80 67 86 
1/4/80 60 110 2/4/80 58 85 
1/5/80 58 104 2/5/80 64 93 
1/6/80 62 102 2/6/80* 66 78 
1/7/80 60 93 2/7/80 68 85 
1/8/80 65 92 2/8/80* 63 87 
1/9/80 * 64 99 2/9/80 57 84 
1/10/80 64 74 2/10/80 58 86 
1/11/80* 66 80 2/11/80 68 84 
1/12/80 65 84 2/12/80 68 84 
1/13/80 66 86 2/13/80* 68 88 
1/14/80 65 86 2/14/80 65 88 
1/15/80 62 83 2/15/80* 58 84 
1/16/80* 62 82 
1/17/80 68 84 
1/18/80* 64 81 
1/19/80 59 79 
1/20/80 62 80 
1/21/80 61 77 

*Indicate harvesting dates 
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