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ABSTRACT 

Jojoba cuttings wer.e fertilized during rooting under mist. 

Rooted cuttings were evaluated for growth and element concentrations. 

Also investigated were: C02 exchange during rooting; media, light and 

nutrition effects on nursery growth; and nutrition effects on field 

establishment. 

Fertilizer formulations used were: Peter's soluble, Osmocote, 

IBDU, and SCU. -3 Rooting was depressed at 5.46 kg m IBDU. High rates 

of either Osmocote or Peter's increased root weights over controls in 

spring. Osmocote-treated cuttings were greater than controls in nodes, 

fresh weight and succulence. 

Initial leaf concentrations of N, P and K were lower in spring 

than in summer and greater at lining-out for fertilized cuttings. Leaf 

Nand K were positively related to root and shoot growth in spring and to 

shoot growth in summer. Leaf Zn \V'as positively related to shoot and root 

growth in spring. Treatment differences in leaf element concentrations 

vanished after 3 months in the nursery. Differences in growth persisted 

for up to six months. 

Fertilization during rooting did not effect CO 2 exchange 

processes. Apparent photosynthesis (AP) declined until rooting and 

then rose with root growth as did root respiration. Dark respiration 

(Rd) dropped to a stable rate and did not increase as fast as AP upon 

rooting. During rooting AP, Rd and leaf succulence were well 

correlated. 

xiii 
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New nodes for liners grown in media with air porosities of 18.5 

and 27.6 percent were equivalent. 

Nodes, fresh and dry weight, leaf area and specific leaf weight 

were greater for sun-grown than for 50 percent shade-grown liners. 

Shade-grown liners were more succulent. 

Plants grown in Osmocote amended media produced more nodes, 

leaves and flowers than did controls. Plants unfertilized during root

ing grew fastest when grown with Osmocote in the nursery media, but 

were smaller at 3 months tqan plants fertilized during rooting. 

Field survival after five months was not significantly affected 

by nutritional treatments. Growth after transplanting was significantly 

greater for plants fertilized in the nursery. 

Rooting stage fertilization is beneficial if plants are not held 

too long in the nursery. Nursery stage nutrition is very important for 

good stand establishment and growth of jojoba transplants. 



INTRODUCTION 

Jojoba, Simmondsia chinensis (Link) Schneider. Buxaceae, is an 

extremely drought tolerant, dioecious, schlerophyllus shrub, presently 

undergoing domestication, in order to increase production of its 

liquid-wax containing seeds. Much has been written about jojoba over 

the past 25 years, including excellent reviews on its natural history 

and ecology (Gentry, 1958), potential uses (Daugherty, Sineath and 

WastIer, 1958; Walters, MacFarlane and Spensley, 1979), and culture 

(Hogan, 1979). Significant development of jojoba as a new horticultural 

crop is now taking place in the United States (Johnson, 1978), partic

ularly Arizona and California (Palzkill, Hogan and Johnson, 1982), as 

well as in Mexico (Murieta, 1982), Israel (Inov, 1978) and Australia 

(Begg, 1978). 

Almost all commercial jojoba stands established to date hav,= 

been established by either planting seedling transplants or by direct 

seeding (Hogan, Palzkill and Dennis, 1981; Ramonet et al., 1981). Being 

dioecious and an obligate outbreeder, jojoba exhibits a very great range 

of variability when established from seed (Gentry, 1958). In addition, 

the need to remove excess males creates an extra cost (Hogan, 1979). 

For the above-mentioned reasons, the use of vegetatively propagated 

planting material has been advocated as a means of ensuring uniform, 

high yielding stands, of known sex-ratio and desirable horticultural 

traits (Gentry, 1958; Yermanos, 1977; Hogan, 1979). Although grafting 
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(Yermanos, 1974) and tissue culture (Aragao, 1976; El Mardi, 1979; 

Birnbaum, 1982) show promise as potential methods of clonal propagation, 

use of stem cuttings appears to be the most promising method of produc

ing clonal planting stock during the next few years (Hogan, 1979). 

Successful techniques for rooting jojoba have been worked out (Hogan 

et al., 1978), but the rooted liners (newly-potted plants) frequently 

show slow growth after lining-out (potting-up). Although studies are 

lacking on the relationship of liner vigor to successful stand estab

lishment of jojoba, planting of vigorous, healthy liners should improve 

chances for rapid and successful stand establishment from cuttings. 

To better understand factors affecting growth and successful 

field establishment of vegetatively propagated jojoba, information is 

needed about the propagation process, beginning with taking and trans

port of cuttings, through the rooting stage (Stage I) and nursery stage 

(Stage II) to field establishment (Stage III). This work was undertaken 

to obtain information about the following aspects of vegetative propaga

tion of jojoba from stem cuttings: 

(1) Effects of time of excision and transport method on rooting 

and early growth of jojoba cuttings; 

(2) Effects of mineral nutrition during rooting on tissue mineral 

content, early growth and subsequent growth of jojoba cuttings; 

(3) Photosynthesis, respiration and root growth during vegetative 

propagation and their relationship to mineral nutrition; 

(4) Factors affecting growth in the nursery stage: media, light 

and nutrition; and 



(5) Effects of Stage I and Stage II fertilization on estab

lishment and early growth in the field. 

More specifically, these studies were undertaken in order to 

test the following hypotheses in relation to the above-mentioned 

objectives. 

1. That cuttings taken and transported so as to maximize shoot 

water potential will root and grow better than those not so 

taken and transported; 

2. That leaf nutrient contents of jojoba cuttings will be re

duced as a result of prolonged exposure to intermittent mist 

and that nutrient contents will approach deficient levels at 

lining-out; 

3. That mineral nutrition during rooting, particularly using 

controlled-release fertilizers, will enhance growth and 

mineral-uptake both as of lining-out and later, in the 

nursery; 

4. That leaf contents of N, P and K at lining-out and later in 

the nursery, will be positively related to shoot and root 

growth; 
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5. That fertilization during rooting will enhance apparent photo

synthesis and dark respiration toward the end of the rooting 

phase and in the early liner phase; 

6. That apparent photosynthesis, dark respiration and root respira

cion will change in a consistent manner during vegetative propa

gation and will relate to root growth; 



7. That liner growth will be enhanced with increased air poros

ity of the nursery media as compared to a standard media; 

8. That liners grown in 50 percent shade will grow more than 

those grown in full sun; 

9. That nursery fertilization with Osmocote will enhance plant 

growth in the nursery and field estab1ishlnent and that the 

enhancement will increase with fertilizer rate; and 

10. That regardless of nursery-stage fertilization treatment, 

transplants fertilized during the rooting stage will estab

lish better than those that were not so fertilized. 

4 



LITERATURE REVIEW 

Jojoba: Vegetative Propagation by Cuttings 

Successful rooting of cuttings of new shoot growth of jojoba, 

using Indole acetic acid (IAA) was reported more than two decades ago 

(Gentry, 1958). Rooting percentages of 50 to 80% were obtained, but 

the plants were not carried through the nursery stage to the field. 

Gentry advocated the use of cuttings as a means of multiplying selec

tions and speculated that the adventitious root system of cuttings might 

be more efficient than the seedling root system under irrigated condi

tions. Forti (1972) reported on the successful field establishment of 

rooted cuttings in Israel and observed no differences in the behavior 

of cuttings, as compared to seedlings, under the same field conditions. 

In a 1980 grower survey of jojoba plantations in Arizona and California, 

only 40 acres, or 0.5% of the total reported jojoba acreage was planted 

with cuttings (Palzkill et al., 1982). Hogan (1979) has reviewed 

jojoba cutting propagation in Arizona. 

Although there are no reports in the literature concerning dif

ferences in rooting or nursery growth of males as opposed to females, an 

examination of the data of Cardran (1980) reveals that males and females 

did not differ in rooting percentage (27.3% vs 27.2%). Average leaf 

drop for males was slightly less than that for females (8.7 vs 10.6). 

Significant differences in rooting potential between different mother 

plants, have been found by a number of workers (Abramovitch, 1977; 

Cardran, 1980; Low and Hackett, 1981). Seasonality is another important 
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factor affecting rooting potential of cuttings, but reports from workers 

in different locations do not always agree as to the season of highest 

rooting potential. In Israel, spring and summer cuttings were found to 

~e highest in rooting percentage, spring cuttings highest for root 

length and winter cuttings highest for number of roots (Abramovitch, Tal 

and Forti, 1978). In Arizona, cuttings taken in winter rooted in higher 

percentages than did those taken in summer (Cardran, 1980), but Hogan 

and Maisari (1976), also in Arizona, found that July cuttings rooted 

much faster than those taken in November. In Western Australia, cuttings 

taken in spring (September) were found to have the highest rooting poten

tial, while those rooted in summer (March) had the lowest (Reddy, 1980). 

In coastal southern California, rooting was generally found to be poor 

in winter and early spring and good in mid-summer. High rooting was 

usually observed to coincide with periods of active growth. Even though 

rooting percentages may be the same during two periods, root quality may 

differ, e.g., cuttings taken in both July and August rooted 100%, but 

July root systems were significantly better (Low and Hackett, 1981). 

In an attempt to uncover the physiological basis of seasonal 

variation in rooting, Reddy (1980) investigated the carbohydrate status 

of jojoba shrubs located in Western Australia, in relation to their 

rooting potential at different seasons. Reddy found that carbohydrate 

levels were highest in spring and lowest in summer which agrees with 

other workers (AI-Ani, Strain and Mooney, 1972; Almeida, 1979). Indi

vidual plants were found to differ significantly in stem sugar and starch 

concentrations. In general, carbohydrate levels and rooting were highest 



in spring and lowest in summer, but in no case did the carbohydrate 

levels in an individual shrub correlate with root number per cutting 

(Reddy, 1980). 
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Other important, intrinsic plant factors affecting rooting are 

vigor of the stock plant, developmental stage of the cutting, and pro

pensity to defoliate under propagation conditions. Vigorous, unstressed 

stock plants should be used as the source of cuttings (Hogan et al., 

1978; Yermanos, personal communication, 1980). A number of workers have 

reported that older, woodier tissue is more difficult to root than 

younger, newly hardened shoots (Hogan and Maisari, 1976; Abramovitch et 

al., 1978; Reddy, 1980; Yermanos, personal communication, 1980). Severe

ly cutting back plants has led to a profusion of new branches of high 

rooting potenti~l, in both Israel (Abramovitch et al., 1978) and southern 

California (Yermanos, personal communication, 1980). Defoliation of 

cuttings during mist propagation is strongly related to poor roo~ing 

(Hogan, 1979; Reddy, 1980). An examination of the data of Cardran 

(1980) revealed a significant (.05) negative correlation (r=-0.285) be

tween leaf abscission and rooting. 

Jojoba has been successfully rooted from cuttings with one node 

(exclusive of the top node) (Lee, personal communication, 1982), three 

nodes (Low and Hackett, 1981), four nodes (Abramovitch et al., 1978) 

and five to seven nodes (Cardran, 1980). Maisari (1966), Hogan (1979) 

and Reddy (1980) all had success with cuttings of 10 to 15 cm in length. 

Gentry (1958) reported that IAA was used on cuttings that rooted 

successfully (50 to 80%). In Arizona, ~laisari (1966) found that cuttings 



dipped for three seconds in three, four, or five thousand ppm Indole 

butyric acid (IBA), rooted significantly better than controls and that 

those rooted with four or five thousand ppm IBA had significantly 

8 

better root systems. Hogan et a1. (1978) looked at IBA concentrations 

(in 50% water, 50% ETOH) from 0 ppm to 20,000 ppm and found that even 

though maximum rooting (61.7%) took place at 8,000 ppm, stem damage oc

curred from that level up. They recommended four to six thousand ppm 

IBA as safe and effective. In Israel, cuttings were dipped from one to 

two minutes in water-soluble IBA, at concentrations of 0 to 20,000 ppm. 

Forty-five percent rooting was obtained from controls, 55% at 1,000 ppm, 

60% at 5,000 ppm and 80% at both 15,000 and 20,000 ppm. Root length was 

not very affected at any IBA concentration, nor was root number, in the 

range of 0 to 10,000 ppm, but root number rose sharply at 15,000 and 

20,000 ppm (Abramovitch et a1., 1978). In southern California, cuttings 

were dipped for five seconds in pH neutralized JBA (4,000 ppm in 47.5% 

ETOH) and compared with controls. Response to IBA ~vas variable. During 

seasons of low or decreasing rooting potential no effect or even inhibi

tion of rooting was found. During periods of increasing or high rooting 

potential rooting ~vas promoted. Auxin failed to promote rooting in 

periods of low growth and low rooting potential (Low and Hackett, 1931). 

Commercial rooting powders, e.g., "Rootone F" and "Cut Start" are being 

used successfully at the University of California, Riverside (Yermanos, 

personal communication, 1980). Lee (personal communication, 1982) has 

compared dipping (briefly) single node cuttings in 2,000 ppm water

soluble IBA, with distilled water controls and with soaking entire 
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cuttings for one hour in IBA at concentrations of 10 to 1,000 ppm. Both 

controls and the 2,000 ppm IBA-dip treatments, resulted in root initia

tion, while the soaking treatments were ineffective. 

Wounding has been found to enhance root emergence in older, 

woodier cuttings. Scraping the basal epidermis resulted in 50 to 60 

percent rooting (Yermanos, personal communication, 1980). 

A number of disease problems have been encountered during mist 

propagation of jojoba cuttings, including: sooty mold, in Arizona 

(Maisari, 1966), Alternaria sp., associated with severe defoliation, in 

both Arizona and Israel (Alcorn and Young, 1979; Heiman, personal com

munication, 1980): Pithium sp. in Israel (Heiman, personal communication, 

1980); and an unidentified slime mold-like infestation that caused 

serious damage, also in Israel (Heiman, personal communication, 1980). 

Steps taken to avoid or control diseases include: (1) selecting only 

"clean" cutting material from the field (Hogan, 1979), (2) soaking in 

5% chlorox upon arrival at the propagation room (Hogan et al., 1978), 

(3) soaking in 1% sodium hypochlorite as a disinfectant (Reddy, 1980), 

(4) spraying with Diethane to control rotting once cuttings are in the 

rooting bench (Yermanos, personal communication, 1980), and (5) spraying 

with sulfur to control sooty mold (Maisari, 1966). 

Experiments dealing with modes of transporting cuttings and time 

in transit before placing in the cutting bench have not been reported. 

The literature reveals that the following methods of transport and 

times in transit have been used with varying degrees of success: (1) 

transport in wet cloth bags and storage for two days at 40 F (Naisari, 
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1966), (2) transport of water-sprinkled cuttings in sealed plastic bags, 

inside of an ice chest, without direct contact between bags and ice, 

with storage for up to four days (Hogan et al., 1978), (3) cuttings 

rinsed, rolled in moist toweling and transported by truck, in cool ice 

chests, for a distance of 500 to 600 miles (Reddy, 1980), and (4) cut

tings wrapped in moist newspaper, packed in a cardboard box (Low and 

Hackett, 1981). Yermanos (personal con~unication, 1980) emphasized 

the importance of sticking cuttings very quickly after excision, to en

sure high rooting percentages (70 to 90%). 

Fertilization of cuttings during vegetative propagation has only 

been mentioned in the literature by Eogan (1979). He recommended that 

a dilute fertilizer solution should be applied to enhance root growth 

once rooting has commenced. In Israel, Osmocote was incorporated into 

the rooting medium and resulted in increased shoot growth associated 

with poor root growth. The cuttings did not survive hardening (Heiman, 

personal communication, 1980). 

Many different rooting media have been used with jojoba cuttings. 

Maisari (1966) looked at the effectiveness of concrete sand, vermiculite, 

and sand plus vermiculite (1:1) and found that in terms of both rooting 

percentage and root quality, vermiculite was significantly more effective 

than either sand or sand and vermiculite. Abramovitch et a1. (1978) 

investigated the effectiveness of four media: peat and polystyrene 

(1:1), peat and vermiculite (1:1), sand, and liquid media with one half 

Hoagland's solution. They found that a mixture of peat and polystyrene 

was best. No rooting took place in the liquid medium. Other media that 

have been used with success include: perlite and vermiculite (1:1) 
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(Hogan, 1979); and 100 percent perlite (Low and Hackett, 1981). Most 

rooting of cuttings has been done in flats, filled with media (Maisari, 

1966; Hogan et al., 1978; Cardran, 1980; Low and Hackett, 1981). In 

some cases, cuttings have been rooted in individual containers to abro

gate transplanting and thereby reduce labor costs (Heiman, personal 

communication, 1980; Yermanos, personal communication, 1980). At the 

University of Arizona, single node cuttings rooted in foam-cell cubes 

had a success rate of 50 percent as opposed to 75 percent for those 

rooted in flats (Lee, personal communication, 1982). 

Interrupted mist is widely used in environmental control of 

jojooa cuttings (Hogan et al., 1978; Reddy, 1980; Heiman, personal com

munication, 1980; Low and Hackett, 1981). Mist intervals vary with 

time of yea~ and location. In Israel, three rooting environments were 

investigated: plastic propagation structure, greenhouse, and growth 

chamber. The plastic propagation house gave the best results 

(Abramovitch et al., 1978). The rooting bench in their plastic house 

~vas enclosed by plastic to keep humidity high around cuttings and misting 

was controlled by a humidity sensor activated at 65% relative humidity 

(Heiman, personal communication, 1980). 

Most workers have used bottom heat in propagating cuttings, 

e.g., heating cables at 2lC (Maisari, 1966), hot water at 23.8 to 26.6 C 

(Hogan, 1979), warn, water bath at 25 C (Reddy, 1980),23.9 C with minimum 

night temperature of 16 C (Low and Hackett, 1981). Yermanos (personal 

communication, 1980) stressed that bottom heat must be 27 to 30 C and 

that heating cables must be well-distributed to ensure an even 
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distribution of heat. The effect of light on rooting was investigated 

by Abramovitch (1977) but results were not reported. 

Time to rooting varied with season in Arizona and was faster in 

July than in April (Hogan and Maisari, 1976). In general, 30 to 60 

days is the normal range (Hogan, 1979). Cardran (1980), looking at 

November cuttings, found that 2.4 percent had rooted at week 3, 23.1 

percent at week 6, 29.9 percent at week 10, with no further increase at 

week 12. In rare cases, cuttings can root after as long as twelve 

months under mist (Hogan, 1979). Shoot growth during rooting is also 

dependent on season. In Arizona, summer cuttings all shmved some shoot 

growth by week 6. Winter cuttings were slower by about 3 weeks (Cardran, 

1980). Maisari (1966) found no new shoot growth for November cuttings. 

The only actual studies of post-rooting nursery practices with 

jojoba cuttings are those of Maisari (1966). Cuttings were lined-out 

in March into media comprised of Canadian peat, sand and soil (2:1:1). 

Half were placed in a greenhouse with minimum night temperatures of 21 C 

and half were placed in a lathhouse with minimum night temperatures of 

1 C. Root quality was also considered as a treatment with root systems 

rated as heavy, medium, and poor. Cuttings were followed for two months 

and then field transplanted. In the nursery, root growth began at three 

weeks and lateral shoot growth at six weeks after lining-out. Both liner 

location and root quality were found to significantly affect survival. 

Survival in the greenhouse was 98.3 percent as compared to only 17.8 

percent in the lathhouse. Low survival under lathhouse conditions was 

attributed to cold temperatures. There was no effect of root quality 
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on survival in the greenhouse, but in the lathhouse medium-rooted 

cuttings showed significantly better survival than did poorly-rooted. 

Hogan (1979) stated that well-rooted cuttings ~vith leaves were "not 

difficult to establish in containers", but that weak, poorly-rooted 

cuttings were slow to establish and must be held for up to nine months 

before field transplanting. In Israel, rooted cuttings were lined-out 

into soil, sand, peat, and polystyrene (3:3:3:1) and kept for four to 

six weeks in the propagation house before transfer to a shade structure. 

Plants were transplanted to the field after 8 to 10 months (Abramovitch 

et al., 1978). 

Maisari (1966) invescigated field survival of heavy, '~~dium and 

poorly-rooted cuttings under three irrigation regimes: four acre 

inches weekly, bi-weekly, and tri-weekly. Survival and growth were 

checked in July, 10 weeks after transplanting. No new shoot or root 

gro~h was visible on any living transplants. There were no significant 

differences in survival between any of the treatments and overall sur

vival was only 40%. More recently, jojoba liners transplanted to 

Tennecco Inc. fields near Bakersfield, California, have had high sur

vival rates and have shown good growth subsequently (Palzkill, personal 

communication, 1982). 

Jojoba: Mineral Nutrition 

Studies investigating mineral nutrition and growth of jojoba are 

limited and focus primarily on nitrogen nutrition (Meneley, 1975; Heiman 

and Forti, 1978; Adams et al., 1977). Some workers have looked at Nand 
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P (Adams, Bingham and Yermanos, 1976) and others at N-P-K (Adams et al., 

1976; Benzioni, Mizrahi and Nerd, 198Z). 

Reports of studies that isolate the effects of particular 

nutrients are rare. Meneley (1975) looked at the effect of N on 

growth and tissue N concentration of jojoba seedlings. Six N levels 

were investigated: 0; 50; 100; ZOO; 400; and Z09 ppm (Hoagland's solu-

tion). Results were evaluated in terms of fresh weight, dry weight, 

height and tissue N content. There were no significant differences be-

tween treatments in fresh weight, dry weight or height, but there were 

large differences between growth of controls and that of N-treated 

plants, with the 100 ppm N treatment consistently showing the most 

growth. The 100 ppm N treatment was 4.3 times greater in height than 

controls, and 4.5 times greater in dry weight. In Israel, plants 

treated with high levels of NH
4

N0
3

, at high irrigation levels were sig

nificantly greater in branch elongation than unfertilized controls irri-

gated less frequently. Little difference was found between high and low 

fertilizer levels (Heiman and Forti, 1978). Mesophyll conductance and 

CO
Z 

fixation ra~es for N-stressed jojoba leaves are significantly lower 

than those for N-sufficient controls. CO
Z 

fixation rates were 4.9 and 

9.5 mg/dmZ/hr respectively for N-deficient and N-sufficient leaves 

(Adams et al., 1977). 

Phosphorus and K have only been investigated in conjunction with 

N nutrition. High rates of vegetative growth in a greenhouse sand-

culture experiment were found at nutrient solution levels of 10 ppm P 

and 350 ppm N (Adams et al., 1976). The effect of N-P-K at two levels, 

on branch elongation and yield, has been studied in Israel. Effects of 
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both high and low fertilizer rate were similar and both resulted in about 

65 percent higher seed yields than did controls. In terms of branch 

elongation, both fertilizer treatments resulted in 46 percent increases 

over controls (Benzioni et al., 1982). 

Tissue N levels, for all five N treatments studied by Meneley 

(1975), were significantly higher than those of controls. Nitrogen con

centration in the control leaves was 0.91 percent and that in the 100 

ppm N treatment (which showed consistently highest growth) was 2.22 

percent. Examination of the data reveals that tissue N levels were sig

nificantly correlated (r=0.425) with height. In non-cultivated, coastal 

California plants, tissue N levels of 3 percent were associated with 

highest growth, whereas yellow, chlorotic, N-deficient leaves had tissue 

N concentrations of less than 1 percent iu a greenhouse study (Adams et 

al., 1976). In t.Jestern Australia, leaves of plants classed as healthy, 

had 2.06 percent N as opposed to 1.16 percent N for yellow, chlorotic 

leaves (Hawson, 1979). Reyes et al. (1977) found leaf levels of 1.61 

percent and root N levels of 0.98 percent in healthy seedlings grown at 

33 C soil temperature. 

Highest growth rates for wild plants in coastal California, were 

associated with tissue P levels of greater than 0.3 percent (Adams et 

al.,1976). In Western Australia, healthy and yellow leaves had P levels 

of 0.12 percent and 0.59 percent respectively (Hawson, 1979). Reyes et 

al. (1977) report leaf P concentrations of 0.19 percent and root P levels 

of 0.23 percent. The same workers found leaf K concentrations of 2.87 

percent and root K concentrations of 0.42 percent, for plants grown at 33C 
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soil temperature and in general found that nutLient contents in roots 

and shoots of plants grown at 33C were greater than those grown at lower 

~oil t8mperatures. In addition to N-P-K levels, Reyes et al. (1977) 

~eported tissue and whole plant levels of Ca, Mg, Na, Zn, Mg, Cu, Band 

Fe. 

Jojoba: Effects of Soil Oxygen Status 

Gentry (1958) noted that jojoba is frequently found on well

aerated soils in the wild. Good internal drainage is considered an im

portant physical characteristic of soils with potential for jojoba 

cultivation (Hogan, 1979). Some effects of soil aeration on jojoba 

growth and physiology have been investigated (Reyes et al., 1977; Sojka 

and Stolzy, 1981). 

Dry weights of leaves, stems, and roots were all significantly 

affected by decreased soil oxygen levels in the following order: Zl and 

lZ percent greater than 6.5 percent greater than 1.5 percent. Soil oxy

gen status also had a marked effect on nutrient uptake. Decreased soil 

0z levels significantly reduced leaf concentrations of K, Ca, Mg, Zn, 

Mn and B. Decreased soil 0z levels significantly increased leaf concen

trations of N, Na and Fe. At soil 0z levels below Zl percent, root con

centrations of the following nutrients were significantly reduced: N, P, 

K, Mg, Na, B and Fe. Under low soil 0Z' Na levels in stems and leaves 

went up significantly while Na levels in roots went down significantly 

(Reyes et al., 1977). 

Diffusive resistance of jojoba leaves shows a curvilinear drop 

as Oxygen Diffusion Rate (ODR) increases. Diffusive resistance, as a 
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function of ODR, has been followed at soil temperatures of Zl and 33 C. 

A sharp drop in diffusive resistance between ODR = 3g Oz x 10-8 cm-Z 

-1 
min and ODR = 10 to l5g 0Z' was encountered at both Zl and 33 C. 

Lower ODR's result in greater increases in leaf diffusive resistance 

at higher soil temperatures than at lower (Sojka and Stolzy, 1981). 

Jojoba: Photosynthesis and Respiration 

Rates of apparent photosynthesis (AP) of well-watered jojoba, 

are normally in the range of 7 to 11 mg COz/dmZ/hr (Collatz, 1977; Glat, 

1979; Rasoolzadegan, 1980). Collatz (1977) found that recently matured 

leaves, under relatively high light intensities (1500 microE/m2/sec) 

Z had an AP rate of 13.3 mg COZ/dm /hr. 

Reported changes in photosynthesis during the day are of greater 

magnitude for wild plants in the field (Woodhouse, 1978) than for seed-

lings in containers grown under greenhouse conditions (Glat, 1979). 

~.]ild plants in Arizona had peak rates of gross photosynthesis (GPS) at 

around 11:00 AM, followed by a 65 percent decline between 11:00 AM and 

3:00 PM, afterwhich rates held steady. Data for stomatal conductances 

showed similar trends to those for GPS (Woodhouse, 1978). In July, 

greenhouse grown seedlings had peak AP rates of 10.5 mg COz/dmZ/hr at 

around 11:00 AM, followed by a 14 percent decline to around 9 mg COZ/ 

dmZ/hr by 5:00 PM (Glat, 1979). Large seasonal differences in photosyn-

thetic rates have been reported for plants in the wild (AI-Ani et al., 

197Z; Woodhouse, 1978). 

Plants of four different ecotypes all had maximum AP rates at 25 C 

and maintained AP at about 95 percent of maximum in the range of 20 to 
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32 C. Rates of AP dropped off sharply below about 15 C and above 35 C 

(Al-Ani et al., 1972). Rates of GPS were very low at a mean monthly 

temperature of t. C, rose sharply between 4 and 9 C and showed a slight 

incrase from 9 to 20 C (Woodhouse, 1978). 

At ambient concentrations of CO
2 

(350 ppm), Collatz (1977) 

found AP rates, for newly matured leaves, were 9, 12.6 and 12.6 mg C02 

dm -2 hr -1 at irradiation levels of 550, 900 and 1500].1 Einsteins m-2 

-1 -2 -1 
sec (].IEm sec ). Higher light saturation levels were found at higher 

intercellular CO
2 

concentrations. 

Low leaf water potentials have a markedly depressing effect on 

photosynthesis but jojoba can continue CO
2 

uptake at surprisingly low 

levels of leaf water potential (Al-Ani et al., 1972; Bunce and Miller, 

1976; Collatz, 1977; Adams et al., 1977; Glat, 1979). Active photosyn-

thesis has been monitored at leaf water potentials as low as -70 bars 

(Al-Ani et al., 1972; Woodhouse, 1978). Sizeable reductions in photo-

synthesis (50 to 60 percent of maximum) are commonly encountered when 

leaf water potentials reach levels in the range of -30 to -40 bars 

(Bunce and Miller, 1976; Glat, 1979). A drop in pre-dawn leaf xylem 

water potential from -11 to -26 bars, resulted in a drop in AP of 50 

percent, from 13.3 mg CO
2

/dm2/hr to 6.7 mg CO
2 

(Collatz, 1977). Ap

parent photosynthesis of jojoba held steady at about 9 mg CO/dm2/hr 

over the range of vapor pressure deficits (VPD) of 12 to 27 mb, while 

transpiration increased linearly with VPD (r=-.969) (Rawson, Begg and 

Wocdtvard,1977). 

Variation in AP among individual rooted cuttings from the same 

mother plant has been reported to be as large as that between cuttings 
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from different mother plants (Glat, 1979; Rasoolzadegan, 1980). This 

would indicate that environmental and internal physiological factors 

overrode genetic factors related to photosynthetic capacity. 

Rates of dark respiration (Rd) for well-watered jojoba are nor-

2 mally in the range of 1.5 to 2.5 mg CO
2

/dm /hr (Glat, 1979; 

Rasoolzadegan, 1980). Glat (1979) found that Rd rates were quite 

steady during the course of a day and showed a slight upswing in the 

late afternoon. Dark respiration rates also fluctuate seasonally. 

Higher rates occurred in summer and lower in winter for California. 

The opposite situation occurred near Tucson, Arizona (Al-Ani et al., 

1972). 

2 Glat (1979) found that Rd held steady at 0.6 mg CO
2

/dm /hr as 

leaf water potential dropped from -23 to -40 bars, but Bunce and Miller 

(1976) reported that Rd at -35 bars was 75 percent that at -10 bars 

2 
(1.8 mg COZ/dm /hr). 

Rates of dark respiration for four groups of rooted cuttings 

ranged from 1.0 to 1.4 mg CO
2

/dm2/hr and coefficients of variation 

ranged from 11.2 to 39.3 percent (Glat, 1979). 

Changes in Nutrient Status During 
Mist Propagation 

Prolonged exposure of cuttings to intermittent mist can result 

in leaching of nutrients (Good and Tukey, 1966; Wott and Tukey, 1967). 

Leaching, in relation to plant tissues, can be defined as "the removal 

of substances from plants by the action of aqueous solutions, such as 

rain,. dew, mist, and fog" (Tukey, 1970). 
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Use of radioisotopes in the 1950's confirmed that substances 

actually were leached from leaves. 32 Labeled P, taken up through th~ 

cut basal ends of Rosa cuttings, was recovered in the leachate after 

f our hours of cont inuous mis t, as was labeled K and N (Long, S,]eet aad 

Tukey, 1956). In addition to N, P, and K, Long et al. (1956) recove~ed 

labeled Ca and Mg in the leachate as well as amino acids and galactaa. 

Other workers cited by Tukey (1970) have reported many diverse sub-

stances in leachate including micronutrients, free sugars, pectins, 

growth regulators, vitamins, and phenolics. 

Different species exhibit differing susceptibilities to leach-

ing under mist. The same is true for cuttings of the same species a~: 

different stages of growth (Good and Tukey, 1966). In general, hard-,-

wood cuttings with older leaves show much greater leaching than do 

young-leaved herbaceous or softwood cuttings (Good and Tukey, 1966; 

Wott and Tukey, 1967). Nutrients can also be leached from branches 

and stems (Good and Tukey, 1966). 

Leaching of nutrients from leaves is favored by increased 

wettability of the leaves, higher light, higher temperature, and lig~lt, 

prolonged drizzle or mist, as opposed to fast, heavy rains (Tukey, 1~~70). 

The wetting, drying and re-wetting of leaves increases their wettab:~l-

ity and renders them more prone to leaching than if they had not dri~d 

out (Linskens, 1952). 

Changes in nutrient status of cuttings can be reported on 

either a percent dry weight basis (Evans, 1951; Sharpe, 1955; Morton 

and Boodley, 1969), or on a unit weight basis (grams/cutting) (Good ~nd 

Tukey, 1966; Wott and Tukey, 1967). Since the unit weight system ta~es 



into consideration increase in dry weight during rooting, the dilution 

of nutrients in the newly formed tissue can be measured and the occur

rence of leaching can be determined. Nutrient deficiencies will occur 

whether tissue nutrient levels are lowered by leaching or by dilution 

(Good and Tukey, 1966). 
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Potassium is the macronutrient most consistently found at sig

nificantly reduced levels after prolonged misting (Evans, 1951; Sharpe, 

1955; Horton and Boodley, 1969; Good and Tukey, 1966; Wott and Tukey, 

1967). Nitrogen has also been found at reduced levels (percent dry 

weight) after misting, in cuttings of cacao (Evans, 1951), peach, plum 

(Sharpe, 1955) and poinsettia (Morton and Boodley, 1969). Nitrogen was 

leached in significant amounts from hardwood cuttings of mountain 

currant (Ribes alpinum L.) (Good and Tukey, 1966) and English ivy 

(Hedera helix L.) (Wott and Tukey, 1967), as well as from softwood 

cuttings of mock orange (Philadelphus coronarius L.) and basket willow 

(Salix purpurea L.) (Wott and Tukey, 1967). Levels of phosphorus fol

lowing misting have been found to be greatly reduced on a percent dry 

weight basis in peach, plum (Sharpe, 1955) and poinsettia (Morton and 

Boodley, 1969) and on a unit weight basis in hardwood cuttings of 

Forsynthia x intermedia Zab. and mountain currant (Good and Tukey, 1966), 

but in Florida, with peach and plum cuttings, they were higher (Sharpe, 

1955). 

In some cases, very little change in nutrient status occurs 

during mist propagation, either on a percent dry weight basis, e.g., 

with Feijoa and Cocculus (Sharpe, 1955), or on a unit weight basis, 

e.g., softwood cuttings of Forsynthia intermedia (Wott and Tukey, 1967). 
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Although the literature contains no reports describing changes 

in nutrient st8tus of jojoba cuttings during mist propagation, certain 

of the species reviewed above resemble jojoba in that they are woody, 

evergreen plants with waxy cuticular layers. These plants whose 

response to prolonged intermittent misting may resemble that of jojoba 

include: English Ivy (Wott and Tukey, Jr., 1967), Feijoa, and 

Cocculus (Sharpe, 1955). Both Feijoa and Cocculus are natives of 

Mediterranean climates and neither showed much change in nutrient status 

during IT.ist propagation. 

Effects of Mineral Nutrition During 
Mist Propagation 

Nutrient mist has been investigated as a means of overcoming 

nutrient deficiencies that arise during mist propagation (Wott and 

Tukey, 1967; Sorensen and Coorts, 1968; Wott and Tukey, 1969; Morton and 

Boodley, 1969; Keever and Tukey, 1979). An advantage of nutrient mist-

ing as opposed to application for root uptake is that foliar uptake of 

nutrients can occur during the period before root initiation. Wott and 

Tukey (1969), working with Chrysanthemum, found that root uptake of 32p 

was unimportant until the last two days of the rooting period and that 

even then it was less than foliar uptake. 

In most cases, rooting percentages for cuttings under nutrient 

mist were not significantly different from those for controls (Wott and 

Tukey, 1967; Sorensen and Coorts, 1968; Morton and Boodley, 1969). 

Rooting of softwood cuttings of Japanese Barberry (Berberis Thunbergii 

DC) was significantly depressed under nutrient mist. Softwood cuttings 



of Privet (Ligustrum obtusifolium Siebold and Zucc.) rooted signifi

cantly better under nutrient misting (Wott and Tukey, 1967). 
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Root quality with nutrient mist is dependent upon both species 

and time of year (Wott and Tukey, 1967; Sorensen and Coorts, 1968). 

Root quality of hardwood cuttings of Japanese Yew (Taxus cuspidata 

Siebold and Zucc.) and Euonyrnus fortunei (Turcz.) Hand. and Hazz. was 

significantly better and poorer, respectively, than that of controls. 

Softwood cuttings of privet and Forsynthia intermedia Zab. were not dif

ferent than the control in root quality. Root quality of nutrient misted 

Japanese barberry softwood cuttings was poorer than that of controls 

(Wott and Tukey, 1967). Root quality was enhanced by nutrient misting 

during February and May for boxwood (Buxus sempervirens L.) cuttings and 

during February for cuttings of creeping juniper (Juniperus horizontalis 

Hoench). Poorer root quality resulted from nutrient misting of Japanese 

holly (Ilex crenata Thunb.) in February and of creeping juniper in Hay 

and August. In all other cases there were no significant differences in 

root quality between nutrient misted cuttings and controls (Sorensen and 

Coorts, 1968). 

Growth of nutrient misted cuttings during mist propagation is 

generally greater than that of controls. This is true for increases in 

dry weight of softwood cuttings of privet, Forsythia intermedia (Wott 

and Tukey, 1967), and Chr1-~:.mthemum (Horton and Boodley, 1969), as well 

as for increases in height of poinsettia and Chrysanthemum (Horton and 

Boodley, 1969). Nutrient misted hardwood cuttings of Japanese Yew and 

Euonyrnus fortunei had significantly 10\ver dry w"eights than did controls 
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(Wott and Tukey, 1967) and poinsettia cuttings showed no significant 

differences in dry weight between treatments (Morton and Boodley, 1969). 

Tissue nutrient levels of N, P, and K are significantly higher 

at rooting in nutrient misted cuttings of many species (Wott and Tukey, 

1967; Sorensen and Coorts, 1968; Morton and Boodley, 1969), as well as 

at the callus stage for cuttings of boxwood, Japanese holly, creeping 

juniper, and Japanese Yew. Higher levels of P were related to fewer 

roots in Ilex, while higher levels of K were related to fewer roots in 

holly and Yew (Sorensen and Coorts, 1969). In Azalea, increased tissue 

concentrations of N, P and K led to salt damage of leaves, tip burn, 

necrosis and leaf drop. Longer time to root initiation and lowered 

rooting index, as compared to water misted controls, also resulted 

(Keever and Tukey, 1979). 

Improved growth in the liner stage has been found for cuttings 

propagated under nutrient mist. Nutrient misted hardwood cuttings of 

Hedera helix L. and Rosa multiflora, and softwood cuttings of Euonymus 

Fortunei Hand. Mazz.,~thia suspensa Vahl and Philadelphus coronarius 

L. showed significant increases in stem length and dry weight as com

pared to controls. Nutrient misted liners of Vinca major L. had signif

icantly increased lateral shoot development at 69 days after lining-out. 

In the case of Euonymus fortunei, significantly greater in lateral shoot 

development persisted through 141 days for Evonymus fortunei (\.Jott and 

Tukey, 1967). 

Disadvantages of nutrient misting have been reported. Poor 

plant response and phytotoxicity have been mentioned above (Sorensen 

and Coorts, 1968; Keever and Tukey, 1979). Some species develop thick, 
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brittle roots under nutrient mist and do not transplant well, e.g., 

Basket Willow (Wott and Tukey, 1967). Algal build-up and rapid spread 

of diseases are also a problem (Wott and Tukey, 1967; Sorensen and 

Coorts, 1968). Sorensen and Coorts (1968) found thirteen different 

organisms growing on either the rooting medium, bench, or both. 

Osci1latoria and naviculoid diatoms were present in high numbers on 

the media and Oscillatoria, Arthrospira and Chlamydomonas were prom

inent on the bench surfaces. 

The use of controlled-release fertilizers (CRF's) has been ad

vocated as a means of circumventing some of the problems encountered 

with nutrient misting (Glenn, Hogan and Whitcomb, 1975; Johnson and 

Hamilton, 1977; Still and Lane, 1982). Incorporation of Osmocote (a 

resin-coated CRF) into the rooting medium, resulted in no serious algae 

problems, whereas surface application did result in algal growth 

(Glenn et al., 1975). In addition, use of CRF's causes no contact leaf 

damage and requires no extra machinery or ongoing labor input (as would 

repeated applications of soluble fertilizer). 

Rooting percentages at ten weeks for Juniperus conferta Parl. 

and Ligustrum japonicum Thunb. were significantly better than those of 

controls, for Osmocote (18-6-12, 8-9 month release or 14-14-14, 3-4 

month release) treated cuttings. The differences persisted through 

harvest at 12 weeks for Juniperus but had disappeared in Ligustrum 

by that time (Johnson and Hamilton, 1977). No significant differences 

in percent rooting were found for Acer rub rum L. "Red Sunset" when con

trols were compared to cuttings treated with Osmocote (18-6-12, 8-9 
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month) or with Peter's 20-20-20 (soluble fertilizer) at 200 ppm nitro-

gen (Still and Lane, 1982). 

Root quality (grades) of both Ilex crenata Thunb. "Hetzi" and 

Ilex cornuta Lind. and Paxt. "Burford" were improved by addition of 

Osmocote 18-6-12 to the rooting medium although the results were not 

analyzed statistically (Glenn et al., 1975). Addition of either 

Osmocote 18-6-12 or 14-14-14 to the rooting medium of Juniperus 

conferta and Ligustrum japonica resulted in significant increases in 

root fresh weight. The longer release-duration formulation (18-6-12) 

-2 at 15.0 g 0.093 m gave significantly higher root weights than the 

other Osmocote treatments (Johnson and Hamilton, 1977). Root dry 

weights of Osmocote treated Red Maple (Acer rub rum L.) cuttings were 

significantly higher than those of either controls or cuttings treated 

with soluble fertilizer (20-20-20) when rooted in June or July under 

supplemental illumination. Under natural photoperiod in ~uly, root 

dry weights with Peter's were greater than with controls but less than 

with Osmocote (Still and Lane, 1982). 

Shoot dry weights at 12 weeks, for juniper cuttings propagated 

~ 2 with Osmocote 18-6-12 at 7.5 g 0.093 m and 14-14-14 at 9.6 g 0.093 m-

were significantly higher than those of controls. At twelve weeks, 

-2 Ligustrum cuttings propagated with either 7.5 on 15.0 g 0.093 m of 

Osmocote 18-6-12, or with 19.2 g 0.093 m- 2 of Osmocote 14-14-14, had 

significantly higher shoot dry weights than either controls or 9.6 g 

-2 
0.093 m of Osmotocte 14-14-14 (Johnson and Hamilton, 1977). Red Maple 

cuttings taken in June and grown unde:r extended illuminaSi~m (4 hours 
I 
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light, 10:00 PM to 2:00 AM) had significant differences in percent bud 

break and shoot length. Growth of Osmocote-treated cuttings was sig-

nificantly greater than that of cuttings treated with Peter's. Growth 

of control cuttings was significantly less than that of ~uttings from 

either fertilizer treatment (Still and Lane, 1982). 

During propagation, tissue nitr.ogen levels of Juniperus 

conferta decreased for all treatments. Decreases were least for the 

Osmocute-treated cuttings. There were no significant differences until 

-2 12 weeks, when Osmocote 18-6-12 at both 7.5 and 15.0 g 0.093 m re-

sulted in higher N levels than did Osmocote 14-14-14 at either 9.6 or 

-2 19.2 g 0.093 m . Tissue N levels of controls were lower than those 

of any Osmocote-treated group. Tissue N concentrations of Ligustrum 

japonicum at 10 weeks were greater than those of controls for all 

Osmocote treatments. At 12 weeks N levels of cuttings treated with 

15.0 g 0.093 m-2 Osmocote 18-6-12 (8 to 9 month release) were signif-

icantly higher than those of the other three Osmocote treatments. 

Juniperus and Ligustrum responded similarly in relation to tissue lev-

els of phosphorus, with all Osmocote treatments having significantly 

higher levels than controls at 12 weeks. Potassium, the most easily 

leached of the macronutrients, was found in highest amounts at the 

-2 -2 15.0 g 0.093m rate of 18-6-12 and at the 19.2 g 0.093 m rate of 

14-14-14 in both Juniperu~ and Ligustrum (Johnson and Hamilton, 1977). 

The carry-over effects of fertilization with CRF's during mist 

propagation on nursery stage growth was significant with Japanese holly. 

Ten months after propagation, plants treated with Osmocote during 

rooting were larger and more responsive to fertilizer source and level 
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than were controls (Ward and Whitcomb, 1979). Similar results were 

reported for Ilex crenata and Ligustrum japonicum, although the 

results were not analyzed statis~ically (Glenn et al., 1975). 

Potential disadvantages to the use of CRF's during mist prop-

agation include their higher cost and potential for causing "salt" 

damage. Per unit N costs using a current catalog (E.C. Geiger Inc.) 

are $6.82 kg-l actual N for Pete~'s 20-20-20 and $9.23 kg- l actual N 

for Osmocote 19-6-12. High rates of 3 to 4 month release-duration 

Osmocote 14-14-14 (19.2 g 0.093 m-2) resulted in suppressed rooting 

of Ligustrum japonicum at six weeks, as compared to lower rates of 

14-14-14 ancithe longer release-duration 18-6-12. The retarded 

14-14-14 group had caught up with the others as of eight weeks 

(Johnson and Hamilton, 1977). 

A number of the species reviewed above are woody, evergreen 

shrubs with waxy leaves bearing a resemblance to those of jojoba. 

Jojoba may respond to nutrition during rooting in a manner similar to 

that of some of these species, which include: Privet (Wott and Tukey, 

1967), Buxus; Ilex (Sorensen and Coorts, 1968) Ilex crenata "Hetzi", 

and Ilex cornuta (Johnson and Hamilton, 1977). 

Controlled-Release Fertilizers, 
Background and Characteristics 

Controlled-release fertilizers (CRF) have been receiving in-

creasing attention over the last fifteen years and have been well-

reviewed by a number of workers (Hauck and Koshino, 1971; Sharma, 

1979; Maynard and Lorenz, 1979). Some of the principal advantages of 
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using CRF's include: reduction of nutrient losses from runoff and 

leaching, reduction of N losses from denitrification and ammonia vola

tilization, reduced chance for salt damage when applying large single 

doses of fertilizer, reduced leaf burn from fertilizer scorch, lower 

labor costs, and better crop quality where continuous nutrient supply 

is beneficial (Hauck and Koshino, 1971; Oertli, 1973). 

Three main mode-of-release types are found among CRF's: 

1. coated, water soluble materials, e.g., resin-coated (Osmocote) and 

sulfur-coated (sulfur-coated urea), 2. plant-available nutrients of 

limited solubility in water, e.g., magnesium ammonium phosphate 

(MagArnp), and 3. materials of limited solubility that must undergo 

chemical and/or microbial decomposition in order to release their 

nutrients in plant-available form, e.g., ureaforrns and lsobutylidene 

Diurea (lBDU) (Maynard and Lorenz, 1979; Hauck and Koshino, 1971). 

There are three general types of coatings applied to soluble materials: 

impermeable coatings with tiny pores, impermeable coatings that must be 

broken by chemical, microbial or abrasive action, e.g., sulfur-coated 

urea (SCU) , and semi-permeable coating which allows water to diffuse in 

until internal osmotic pressure is sufficient to cause membrane dis

ruption, e.g., Osmocote (Hauck and Koshino, 1971). 

OSfilocote is a commercial resin-coatedCRF, produced by Sierra 

Chemical Co., Milpitas, Calif. under license from the patent holder, 

Archer Midland Co. The coating is applied in several layers and 

primarily consists of a co-polymer of dicyclopentadiene with a glycerol 

ester (Powell, 1968, cited in Hauck and Koshino, 1971). In addition to 
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NH4+ and N0
3
-, Osmocotes also supply P and K and are available in dif

ferent N-P-K ratios and release-durations. 

The general release curves for Osmocotes are linear for a 

large portion of the release-duration (Oertli and Lunt, 1962). An in

itial flush of release is usually found in the first week which is 

probably due to damaged particles (Patel and Sharma, 1977). The manu

facturer's release-duration ratings may not be wholly reliable. After 

four months incubation (26 C, 15 percent moisture) 65.9 and 58.3 

percent N was recovered from 3 and 8 to 9 month release-duration 

Osmocotes, respectively (Patel and Sharma, 1977). 

The effect of temperature upon rates of nutrient release by 

Osmocote is important. A Q10 of almost 2 was reported by Oertli and 

Lunt (1962). In addition, the initial rapid release noted above 

(Patel and Sharma, 1977) is accentuated at higher temperatures (Brown, 

Luebs and Pratt, 1966). Release from Osmocote capsules is quite con

stant over the range of available soil moisture from 10 percent to 20 

percent (PWP to FC), with a slight downturn between 10 percent and 5 

percent, followed by a sharp decrease below 5 percent (Lunt and Oertli, 

1962). Coating thickness has a pronounced effect on release. Heavier 

coatings showed slower release rates particularly during the first 2 

to 3 weeks (Oertli and Lunt, 1962). Topdressing Osmocote extends the 

release time as compared to soil incorporation (Lunt and Oertli, 1962). 

Neither pH nor microbial activity have been found to effect the release 

of nutrients from Osmocote (Oertli and Lunt, 1962). 

The manufacture and testing nf sulfur-coated urea (SCU) in the 

United States has been pioneered by the TVA (Tennessee Valley Authority). 
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The original TVA product consisted of urea coated with molten Sand 

sealed with microbiocide treated m:lcrocystalline wax plus a condi-

tioner (Hauck and Koshino, 1971; Sharma, 1979). The use of new seal-

ants that apparently enhance microbe resistance has led to the dis-

continuance of earlier coal-tar derived microbiocides (TVA, 1976; 

cited in Jarrell and Boersma, 1979). 

Initial release from seu is rapid for 24 to 48 hours and then 

becomes linear until particle depletion reduces the urea concentra-

tion gradient (Hauck and Koshino, 1971; Oertli, 1973; Patel and 

Sharma, 1977; Jar.rell and Boersma, 1980). Thirty-eight point six and 

50.4 percent N was recovered after four months (26 e, 15 percent H
2
0), 

from 4-5 month and 3-4 month release-duration seu's, respectively 

(Patel and Sharma, 1977). 

Like Osmocote, the rate of N release from seu is very tempera-

ture dependent (Allen, Hunt and Terman, 1971; Oertli, 1973; Snyder and 

Gascho, 1976; Jarrell and Boersma, 1980). Almost all urea was re-

leased in 100 days at 34 e, whereas very little was released at 14 e, 

a QlO of over 5. In addition, higher temperatures led to a higher 

rate of NH4+ formation from urea (Oertli, 1973). Low levels of soil 

moisture and flooded conditions retard urea release from seu (Snyder 

and Gascho, 1976; Prasad, 1976; Liegel and Walsh, 1976; Giordano and 

Mortvedt, 1970). Use of heavier coatings help to retard release and 

to counteract the effects of high temperatures (Allen et al., 1971; 

Snyder and Gascho, 1976). Heavy coatings also help to slow release 

when soil moisture conditions are optimal (Prasad, 1976). Microbial 

activity is important in the breakdown of both the hydrocarbon sealant 
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and the sulfur coating of SCU (Jarrell and Boersma, 1979). Nitrogen 

release from pellets in sterilized solutions is greatly retarded while 

release from sulfur-bacteria (Thiobacillus thiooxidans) innoculated 

solutions is greater than that for controls. Sterility also stops 

+ urea hydrolysis to NH4 (Oertli, 1973) and addition of microbiocide 

helps to retard release at 30 C (Allen et al., 1971). Although lim-

ing moderately increases the rate of urea release in moist soils 

(Giordano and Mortvedt, 1970) very low pH values (pH = 2) induced by 

!. thiooxidans are related to increased N release and inhibition of 

urea hydrolysis (Oertli, 1973). Surface-applied SCU has a slower re-

lease rate than does soil incorporated (Allen et al., 1971; Prasad, 

1976; Liegel and Walsh, 1976), but losses from NH3 volatilization were 

higher for surface-applied SCU (Allen et al., 1971). 

Isobutylidene Diurea (l,l-diureido isobutane; IBDU) is the 

major reaction product of urea and isobutyraldehyde and is produced 

in the U.S.A. by Swift Agricultural Chemicals Inc. Patents for IBDU 

are held by Farbwerk Hoechst Actiengesellschaft (W. Germany) and 

Mitsubishi Che~ical Industries (Japan) (Hauck and Koshino, 1971). 

IBDU, as mentioned above, is a material of low solubility that 

releases urea upon chemical breakdown. The release of nutrients from 

IBDU occurs in two stages: 1. dissolution of IBDU and 2. spontaneous 

hydrolysis of IBDU to yield urea and isobutyraldehyde (Hughes, 1976). 

IBDU fertilizers contain a small amount of water soluble N that is 

available for immediate release (Patel and Sharma, 1977). Release 

after this initial flush is essentially linear for the release-duration 
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(Patel and Sharma, 1977) although coarser particle-size IBDU's show an 

increase in release rate with time as they shrink (Prasad and Woods, 

1971). There is also some deviation from linearity dependent upon pH 

during the first 3-4 ~veeks (Hughes, 1976). 

Dissolution is considered to be the rate-limiting step in con-

version of IBDU to plant-available forms and this rate is increased by 

smaller size granules (Lunt and Clark, 1969; Whitcomb, 1974; Hughes, 

1976), lower pH (Lunt and Clark, 1969; Hughes, 1976), higher tempera-

tures (Lunt and Clark, 1969; Whitcomb, 1974) and higher soil moisture 

(Hamamoto, 1966, cited in Lunt and Clark, 1969). Both dissolution and 

hydrolysis of IBDU are not microbially mediated (Lunt and Clark, 1969). 

+ ~licrobe populations do mediate the conversion of urea to NH4 and of 

NH4+ to N0
3
-. Due to lag time in the build-up of nitrifier populations, 

relatively large accumulations of NH4+ occur after about two weeks 

particularly at acid pH levels (pH = 5.7) (Hughes, 1976). Almost all 

N is in the NH
4

-N form for about four weeks after application (Hughes, 

1976). Some workers believe that low NH4r to N0
3
- conversion during 

the early weeks after IBDU application ~ay result from an inhibiting 

effect of isobutyric acid on the nitrifiers (Prasad and Woods, 1971). 

Isobutylidene diurea at 1.8 gil in peat has had a toxic effect on 

tomatoes (Prasad and Woods, 1971), although others have reported no ill 

effects from rates as high as 32 lbs./lOOO ft 2 of soil (Lunt and Clark, 

1969). 

Photosynthesis, Respiration and N-P-K Nutrition 

Reports are lacking on photosynthesis and respiration of 

cuttings as related to N-P-K nutrition during mist propagation. 



Considerable work has been done on the effects of N, P and K on gas 

exchange in several crop plants. The effects of mineral nutrition 

on photosynthesis have been recently reviewed by Barker (1979). 
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Nitrogen deficiency results in decreased rates of net photo-

synthesis (Pn) , e.g., in leaves of apple (Childers and Cowart, 1935), 

corn, cotton and beans (Ryle and Hesketh, 1969), sugarbeet (Nevins and 

Loomis, 1970), and Pelargonium (Reuther and Roeber, 1980). Nitrogen 

deficient leaves of sugarbeet showed no signs of senescence when Pn 

rates began to drop (Nevins and Loomis, 1970). Nitrogen deficiency 

is usually accompanied by sharp decreases in the chlorophyll content 

of leaves (Barker, 1979; Reuther and Roeber, 1980) and in the number 

of chloroplasts per leaf cell (Possingham, 1971). Rates of Pn fre

quently drop before chlorophyll reduction, or deterioration in 

chloroplast structure occurs (Barker, 1979). Chlorophyll decrease is 

not the only factor involved in the reduction of Pn in N deficient 

leaves. Nitrogen deficient leaves of corn, cotton and beans showed 

increased stomatal and mesophyll resistances to CO
2 

(Ry1e and Hesketh, 

1969). Abscisic acid (ABA) levels in leaves and upper stems of sun

flower were greatly increased in N deficient leaves (Goldbach et a1., 

1975). Nitr0gen deficiency resulted in increased photorespiratory ac

tivity in cotton and beans (Ry1e and Hesketh, 1969). 

The relationship of P nutrition to Pn is not as clear as that 

of nitrogen. Chlorophyll content of leaves and chloroplasts struc

ture are unaffected until extreme P deficiency occurs (Barker, 1979). 

Photosynthesis of P deficient spinach was 60 percent that of controls 
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on both a fresh weight and chlorophyll basis (Bottrill, Possingham and 

Kriedemann, 1970), but it was found to be 98% of controls for apple 

leaves (Childers and Cowart, 1935). Tissue P levels in sweet potato 

were found to be significantly correlated (r=0.539) with Pn (Hahn, 

1977) and tissue P levels of about 0.4 percent were optimal for both 

Pn and photosynthesis/transpiration ratio in Populus ~igra L. (Keller, 

1971) . 

The general response to K deficiency is reduced rates of Pn, 

e.g., in growing and mature bean leaves (Ozbun, Volk and Jackson, 

1965a, 1965b), corn leaves, particularly older leaves (Hoss and 

Peaslee, 1965; Koch and Estes, 1975), spinach (Bottrill et al., 1970) 

and soybean (Wells et al., 1979). Diminished rates of Pn often occur 

before visible symptoms of K+ deficiency (Hoss and Peaslee, 1965; Koch 

and Estes, 1975) and seem to be related to increases in both stomatal 

and mesophyll resistance (Peaslee and Hoss, 1968; Koch and Estes, 1975). 

Tissue K+ levels were found to be highly correlated (r=0.824) with 

rates of Pn in sweet potato (Hahn, 1977). Higher levels of tissue K+ 

in alfalfa were significantly related to higher carbon exchange rates 

in both young and older leaves (Wolf, Kimbrough and Blaser, 1976). 

Lm., levels of tissue nitrogen are often associated with reduced 

rates of shoot respiration, e.g., in barley seedlings (Folkes, Willis 

and Yemm, 1952), spinach (Bottrill et al., 1970), corn, cotton and beans 

(Ryle and Hesketh, 1969). Dark respiration (Rd) per unit leaf area 

was not very affected by N deficiency in sugar beet (Nevins and Loomis, 

1970). Spinach plants which were deficient in P showed a 45 percent 

reduction in Rd ~.,hile K + deficient plants showed a 34 percent increase 
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in Rd (Bottrill et al., 1970). A similar increase in Rd with K de-

ficiency has been found for mature and immature bean leaves (Ozbun 

et al., 1965a, 1965b) and for tomato plants (Haeder and Mengel, 1972). 

Ozbun et al. (1965a), found lower respiratory quotients (C02 release/ 

+ + O2 uptake) for K stressed bean leaves. In mature bean leaves, K 

deficiency increased pnotorespiration as compared to controls (Ozbun 

et a1., 1965b). 

Folkes et al. (1952) looked at the effect of NaN0
3 

and NH
4

Cl 

on the respiration of detached barley roots, 'and found that both 

caused sizeable increases in root respiration when compared to dis-

tilled water controls and NaCl treated roots. 

Photosynthesis and Respiration of 
Cuttings During Mist Propagation 

Changes in net photosynthesis and respiration of cuttings dur-

ing mist propagation have been followed for several different species 

by a number of workers (Humphries and Thorne, 1964; Okoro and Grace, 

1976; Machida et al., 1977; Gemma et al., 1979; Eliasson and Brunes, 

1980; Davis and Potter, 1981). In general, most species studied show 

a more or less steady decline in net photosynthesis (Pn) after excision 

of cuttings followed by an increase in Pn once rooting has commenced. 

This steady decline in photosynthetic rates, which is only reversed upon 

rooting, has been found for detached leaves of bean (Phaseolus vulgaris 

L.) (Humphries and Thorne, 1964), cuttings of pea (Pisum sativum L.) 

(Davis and Potter, 1981), Salix (Eliasson and Brunes, 1980), Populus x 

euroamericana (Okoro and Grace, 1976), Camellia japonica L., Viburnum 
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awabuki, Forsynthia suspensa Vahl, Chrysanthemum x morifolium Ramat. 

(Machida et al., 1977) and softwood cuttings of peach (Gemma et al., 

1979). In the studies of Machida et al. (1977). the species with the 

highest initial photosynthetic rates (Chrysanthemum morifolium and 

Forsythia suspensa) rooted fastest and dropped most sharply in Pn dur

ing root initiation. They also rose most sharply in photosynthetic 

rate after rooting. Softwood cuttings of peach showed a very sharp 

drop in photosynthetic rate between day 0 and day 2 (7.5 to 0 mg CO
2

/ 

gdw/hr.) and then recovered to initial rates by day 7, after which they 

showed the typical, steady decline until rooting around day 28. As of 

day 60, the rooted cuttings had still not recovered to initial photo

synthetic rates (Gemma et al., 1979). 

Dark respiration rates (Rd) of cuttings can show either mod

erate decline or little change during rooting. Cuttings sometimes ex

hibit a moderate increase in Rd once rooting has occurred. Examples of 

plants that respire at a steady rate during rooting, include Salix 

(Eliasson and Brunes, 1980) and Pisum sativum (Davis and Potter, 1981). 

Softwood cuttings of peach showed a strong increase in Rd between day 

o and day 4 (1 mg CO
2 

to 3.5 mg CO
2
/gdw/hr), followed by a return to 

the initial rate by day 14. Thereafter rates were steady during the 

remainder of the rooting period (Gemma et al., 1979). Hardwood cut

tings of Populus x euroamericana during week 1, exhibited a strong in

itial drop and subsequent recovery in Rd. This was followed by a steady 

decline over the next six weeks, a decline which continued even after 

photosynthetic rates began to rise after rooting (Okoro and Grace, 

1976), Dark respiratory rates of detached leaves of bean declined 
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(Humphries and Thorne, 1964). 

38 

Respiration of the basal ends of "Marianna" plum cuttings was 

determined during the 16 day rooting period for IBA-treated cuttings 

and for controls. Both treatments showed a sharp decline in respira

tion during the first two days after excision. Respiration of the con

trol cuttings continued to decline until day 9 when callus began to 

form and respiration rates rose slightly. Respiration of the basal 

ends of the IBA-treated cuttings began'to rise moderat~ly after day 

two with steep increases upon callus formation at day six and root em

ergence after day twelve (Strydon and Hartmann, 1960). Root respira

tion rates (mg COZ/gdw/hr.) of Tsuga canadensis Carriere seedlings 

were 34 percent higher during periods of high Pn as compared to 

periods when shoots were darkened. Rates of root respiration decreased 

as shoot Rd increased with rising temperatures. This indicated that 

root respiration may depend directly on the current rate of Pn 

(Szaniawski and Adams, 1974). 

Cuttings of Camellia, Viburnum, and Forsythia undergo changes 

in tissue water status that are similar in magnitude and trend to 

those found for photosynthesis, i.e., they show a decrease until root

ing and then an increase as roots develop. The data indicate that Pn 

rates of cuttings during rooting under mist may be controlled by trans

piration rates (Machida et al., 1977). Further evidence that Pn rates 

during rooting under mist are linked to transpiration rates is provided 

by leaf conductance daU" -[uc Cornus and Rhododendron during rooting. 
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In these two cases, leaf conductances of freshly p£epared cuttings fell 

to a low level after insertion and remained low until roots emerged. 

In Cornus, increases in leaf conductances were well correlated with 

the length of new root that developed (Gay and Loach, 1977). Leaf con-

ductances of aspen cuttings decreased rapidly after excision (Eliasso~ 

and Brunes, 1980). As opposed to the above cited cases, cuttings of 

Chrysanthemum showed no decline in tissue water status while root in-

itiation was taking place and Pn rates were plunging. After root in-

itiation, tissue water status rose moderately and Pn rates climbed 

steeply (Mach ida et al., 1977). 

Factors Affecting Growth in the Nursery Stage 

Media 

Bulk density, total porosity, air porosity and water-holding 

capacity are important physical characteristics of container potting 

mixes and good aeration capacity is considered primary by many workers 

(Furuta, 1974; Spomer, 1974; Bunt, 1976). Bunt (1976) states that the 

risk of overwatering greenhouse media increases greatly when air capa-

3 3 
city falls below 0.10 cm fcm or 10 percent. In general, the dividing 

line of 10 to 15 percent, when media is at container capacity, is con-

sidered the acceptable lower limit for air capacity (Hanan and 

Langhans, 1964; Bunt, 1976; Paul and Lee, 1976). Furuta (1974) has 

suggested 5 percent as the minimum. Bulk density is also an important 

physical characteristic in that it is highly correlated with total 

porosity of the medium (Beardsell, Nichols and Jones, 1979; Hanan, 
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Olympias and Pittas, 1981), and because increases in bulk density are 

associated with decreases in percolation rate (Brown and Pokorny, 

1975). 

The relationships between soil oxygen levels and plant re-

sponses have been well-reviewed by Stolzy and Letey (1964). They 

report critical oxygen diffusion rates (ODR) for root growth to be 

in the range of 20 to 30 gm 02 x 10-8 cm-2 min-l for a number of 

plants, e.g., bluegrass, Citrus, sugar beet, corn and snapdra8ons. 

The relationship of ODR to shoot growth is not as clear-cut as is that 

for roots, but there is a definite reduction in growth at reduced 

levels of soil 02 particularly in total dry weight accumulation. An 

-8 -2-1 ODR of 40 x 10 gm 02 em min was found optimum for shoot growth 

of sunflower, and ODR's below 30 to 40 x 10-8 gm were found to be 

more detrimental at higher temperatures. Critical ODR for tomato 

-8 shoot growth was found to be 30 to 40 gm 02 x 10 at 8" depth and 

reduction below the critical rate for 8.5 hours resulted in a 50 per-

cent decrease in CO
2 

fixation. Shoot levels of N, P, K, Ca, Mg and 

Fe increased with greater ODR's or soil 02 levels while shoot levels 

of Na and Cl increased with lower ODR or 02 levels. 

A number of papers characterizing the physical characteristics 

of container media have appeared in recent years (DeBoodt and Verdonck, 

lq7l; Con and Haynes, 1977; Hanan et al., 1981). Papers relating such 

characteristics to plant growth are still rare. In one case, thirteen 

container media were created so as to differ from each other in 

air-filled porosity (E ) and ODR (Paul and Lee, 1976). The air
a 

filled porosities of the media ranged from ° percent to 18.8 percent 
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and the large differences in growth among the treatments appeared to be 

related to the media aeration properties at container capacity. Air

filled porosity correlated well (r=0.86) with top fresh weight, while 

ODR correlated even better, with r=0.93. Smith and Treaster (1981) 

looked at 22 media, which ranged in air pore space form 7.3 percent 

(100 percent soil) to 35.8 percent (100 percent pinebark) and evalu

ated them in relation to plant growth of Weige1a, Viburnum and Lilac. 

The low air pore-space mix had significantly less growth (dry weight 

and height) for all three plants studied. Other media with air pore

space percentages of close to 10 percent were not consistently low in 

either total dry weight or height. 

Light 

Alterations in light intensity can have a pronounced effect on 

the growth and physiology of woody plants (Maggs, 1960; Barden, 1974; 

Sheppard and Pellett, 1976; Barden, 1977; Collard et a1., 1977). The 

effect of decreasing light intensity can be either a decrease in growth 

(Maggs, 1960; Barden, 1974; Sheppard and Pellett, 1976; Maxwell and 

Lyonds, 1979), or an increase (Collard et a1., 1977; Sheppard and 

Pellett, 1976; Stutz and Frey, 1980). 

Decreasing light intensities of 100, 78, 41, and 23 percent 

full sun resulted in steady decreases in leaf dry weight of apple 

(Maggs, 1960). Use of 80 percent shade for three week periods at dif

fering points in the growing season resulted in significant differences 

in the dry weight of leaves and sterns of apple (B2rden, 1974). Reduc

tion of light intensity to either 53 or 27 percent full sun resulted 

in significant decreases in fresh and dry weight of redosier dogwood 
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(Cornus stolonifera Michx) (Sheppard and Pellett, 1976). Decreases in 

shoot length resulted from the use of 80 percent shade with apple 

(Barden, 1977) and from the use of 60 percent shade with Citrus (Maxwell 

and Lyons, 1979). Total leaf area and number were reduced in apple at 

24 percent natural light intensity (Maggs, 1960) and in redosier dogwood 

at 53 and 27 percent fuli sun (Sheppard and Pellett, 1976). Specific 

leaf weight in apple was decreased at 20 percent full sun (Barden, 1974; 

Barden, 1977) and in Ilex opaca at 50 and 82 percent shade (Stutz and 

Frey, 1980). Leaf thickness and cell density in the mesophyll decreased 

in dogwood as light intensity was decreased to 27 percent that of full 

sun (Sheppard and Pellett, 1976). 

Changes occurring with decreasing light intensity include: in

creases in fresh and dry weight of dogwood when full sun is decreased to 

75 percent sun, and increases in fresh weight per leaf as shade is in

creased to 47 and 73 percent (Sheppard and Pellett, 1976). In Ilex 

opaca, greater leaf area has been found as shade is increased from 0 to 

50 to 82 percent (Stutz and Frey, 1980), while for Ficus benjamina, 80 

percent shade led to the highest values for shoot to root ratio, growth 

index, quality and total chlorophyll (Collard et al., 1977). 

Controlled-Release Fertilizers 

Early applications of controlled-release fertilizers in container 

nursery production, made use of urea-formalde~yde (Furuta and Martin, 

1961; Kelley, 1962; Benjamin, Chadwick and Reisch, 1964). More recent 

studies h~ve utilized newer materials such as Osmocotes (Gouin and Link, 

1973; Ticknor and Chaplin, 1978; Ward and Whitcomb, 1979; Kovacic and 



Holcomb, 1981), and rsDU (~itcomb, 1976; Ward and \o)'hitcomb, 1979; 

Ticknor and Chaplin, 1978). 
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In some cases, the use of CRF's has resulted in significantly 

greater fresh weight accumulations than the use of soluble fertilizers. 

For example, IBDU (1 gm bricketts) and Osmocote 18-3-10 both resulted 

in greater fresh weight of Japanese Holly than did constant liquid 

feeding (Ward and Whitcomb, 1979). In a similar situation with 

Kalanchoe Blossfeldiana Poelln. fresh weight differences were signifi

cant and in the following order: Osmocote greater than constant liquid 

feed. greater than non-fertilized controls (Kovacic and Holcomb, 1981). 

In other cases, the opposite has been found, as with dry weight in

creases after 17 months in the nursery for Thuja occidentalis L. and 

Viburnum x Burkwoodii, in which both constant or biweekly liquid feed

ing were superior to either Osmocote 18-9-9 or 14-14-14 (Sanderson and 

Martin, 1974). Increasing rates of Osmocote 19-6-12, resulted in in

creased fresh weights for Kalanchoe Blossfeldiana at up ~o two times the 

manufacturer's recommended rate, with growth depression occurring at the 

4X rate (Kovacic and Holcomb, 1981). 

Root fresh weights of Japanese Holly fertilized with IBDU (1 gm 

oricketts) at the rate of 4.9 g N/plant, were greater than those ferti

lized by either constant liquid feeding or with Osmocote 18-3-10, at the 

same rate of N/plant. The number of bud breaks per plant was generally 

higher with the IBDU and the liquid feeding than it was for Osmocote, 

although all three were comparable at the high rate. In general 

O~mocote at the two lower rates (2.4 and 3.7 g N/plant) was not as 

effective as IBDU or liquid feeding. Correlations between tissue 
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nutrient content (N, P, K, Ca, and Mg) and all measured growth parame

ters (top weight, root weight and visual grade) were highly significant 

(Ward and Whitcomb, 1979). 

Liner Pre-fertilization and Field Establishment 

By analogy with forest nursery seedlings, good quality, vege

tatively propagated liners would be those that survive field trans

planting and do not experience reduced growth after outplanting 

(Van den Driessche, 1980). Another important aspect of nursery 

fertilization of liners that must be considered in evaluating the ef

fectiveness of such practices is the percent of plantab1e stock that 

results from the various treatments (Stoeck1er and Arneman, 1960). 

Stoeck1er and Arneman (1960) report 40 percent increases over 

controls in p1antab1e jack-pine (Pinus Banksiana L.) as a result of 

nursery fertilization and also assert that ten to twenty percent in

creases in p1antab1e stock as a result of nursery fertilization are 

common. Yield of p1antab1e loblolly pine (Pinus Taeda L.) has been 

found to be related to both nursery fertility and density. Extra fer

tilization was more important at higher nursery densities (Switzer and 

Nelson, 1963). Fertilizers may have an adverse affect on yield of p1ant

able seedlings, e.g., by causing increases in losses to damp-off at 

high N levels (Stoeck1er and Arneman, 1960). 

Significant increases in percent field survival for fertilized 

tree seedlings, as compared to controls, have been reported for douglas 

fir «Pseudotsuga Henziesii (Hirb.) Franco) in Washington (Anderson and 

Gessel, 1966) and in 8ritish Columbia (Smith et a1., 1966; Van den 

Driessche, 1980). In a study involving red pine (Pinus resinosa Ait.) 
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standard Canadian forest nursery fertilization practices resulted in 

significantly lower survival when compared to non-fertilized controls. 

Fertilization increased the top to root ratios of the planting stock. 

What appeared to be a positive effect in the nursery (larger planting 

stock), caused a negative effect after outplanting (Mullin and Bowdery, 

1978). No significant differences were found in survival between fer

tilized seedlings and controls, for white spruce (Picea glauca 

(Moench) Vpss) in Ontario (Mullin and Bowdery, 1977). Seedlings of 

shumard oak, river birch and pecan fertilized with four rates of 

Osmocote 18-6-12 (including a non-fertilized control) during propagation 

showed no differences in survival when transplanted into either con

tainers or to the field (Hathaway and Whitcomb, 1976). 

Nursery nitrogen fertilization resulted in significantly in

creased growth (height) for up to five years after transplanting lob

lolly pine (Switzer and Nelson, 1963) and for up to four and five years, 

respectively, for douglas fir in British Columbia (Smith et al., 1966) 

and Washington (Anderson and Gessel, 1966). A similar situation oc

curred with white spruce in Ontario, but the increased growth in 

response to nursery fertilization, occurred only at some of the experi

mental sites (Mullin and Bowdery, 1977). Red pine showed no signifi

cant differences in height between nursery fertilized seedlings and 

controls five years after outplanting (Mullin and Bowdery, 1978). 

Hathaway and Whitcomb (1976) found that certain Osmocote-treated tree 

seedlings never really ceased growing even immediately following tran

planting. 
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Drought resistance of ammonium sulfate-fertilized red pine trans

plants was found to be less than that of controls, when evaluated under 

controlled conditions of high stress. At more modest rates, the same 

fertilizer resulted in significantly increased drought resistance of 

jack pine under less severe drought stress more typical of field condi

tions (Stoeckler and ~rneman, 1960). Nursery fertilization has not been 

found to affect cold hardiness of douglas fir transplants under British 

Columbia conditions (Van den Driessche, 1980). 



MATERIf~S AND METHODS 

Experiment I 

The objective of this study was to determine the effects of dif

ferent cutting times during two days and methods of transport on rooting 

and growth of jojoba cuttings from five parent plants located at the 

University of Arizona Mesa experimental farm. 

Six node cuttings from five male plants were taken at six dif

ferent times on July 30 and 31,1980: pre-dawn (4:00 - 5:30 AM), dawn 

(5:30 - 7:00 AM), mid-afternoon (2:30 - 4:00 PM), and dusk (6:30 - 8:00 

PM). Twenty-four cuttings were taken from each plant at each time of 

day. One-half were randomly selected for transport in a paper bag and 

the other half ,?r~?ped in damp paper and placed in a polyethylene bag. 

Both paper and plastic bags were immediately placed in ice-chilled 

coolers, for subsequent transport to the University of Arizona, Campbell 

Avenue Farm, Tucson. Bagged cuttings were separated from the ice by a 

cardboard partition. A 2 x 6 factorial treatment design was used in a 

randomized complete block experimental design with mother plants as 

blocks. 

Basal ends of the cuttings were dipped for fifteen seconds in 

4000 ppm water soluble Indole butyric acid (IBA, Sigma Chemical Inc.) 

and inserted in 38 x 53 cm galvanized flats containing media r.?~sisting 

of 50 percent perlite and 50 percent vermiculite. Ten of the twelve 

cuttings taken per cell \.;rere inserted on August 1, 1980 and the other 
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two cuttings used for water potential me~surements. Water potential was 

detennined using a Scholander pressure bomb (Scholander et al., 1965). 

During the rooting period (August 1 to October 17, 1980) daily tempera

ture maxima ~.n the propagation house ranged from 29 to 33 C, minima 

ranged from 17 to 24 C and bottom heat from 21 to 24 C. Mist interval 

was 8 seconds every four minutes. The cuttings were fertilized with 

2500 ml per flat of Peter's 20-20-20 at a concentration of 200 ppm 

nitrogen. The cuttings were fertilized every two weeks beginning two 

weeks after insertion. 

The cuttings were harvested on October 17, 1980 and the follow

ing parameters were measured: percent rooted, nodes per cutting, fresh 

weight of shoots per cutting, and fresh weight of roots per cutting. 

Percent data was arc-sine and number data square-root transformed prior 

to analysis. 

Experiment II 

The objective of Experiment II was to determine the effects of 

various controlled-release and liquid fertilizer treatments used during 

rooting. 

This experiment was repeated four times, during two seasons, 

twice in spring and twice in summer. For reference purposes, the four 

repetitions will be identified as experiments II-A through II-D. All 

cuttings for these studies were taken from mother plants located at the 

University of Arizona, Experiment Station Farm at Mesa, Arizona. The 

mother plants comprise a germ-plasm nursery ~.;rhich was planted during 

the late spring of 1976. 
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Details concerning cutting preparation and experimental condi

tions appear in Table 1. Terminal cuttings of newly-matured wood were 

taken 1 ern below node number 5, flowers and/or fruit removed and cut

tings transported in a manner similar to that described above for 

Experiment 1, except that a piece of moist paper towel was placed in 

each plastic bag, as opposed to wrapping cuttings in wet paper. Two 

cuttings from each clone were randomly assigned to twelve fertilizer 

treatments, totaling from 40 to 50 cuttings per treatment, depending 

on experiment repetition (see Table 1). The twelve fertilizer treat

ments appear in Table 2. Each treatment was replicated four times, in 

a completely random design for Experiment II-A and in a randomized com

plete block design, blocked along the length of the rooting bench, for 

II-B, C and D. Treatments 2 and 3 consisted of 2500 ml of Peter's 

20-20-20 at concentrations of 300 and 150 ppm N, respectively. Treatments 

were applied weekly for ten weeks beginning two weeks after insertion 

of cuttings. Cuttings were inserted within one or two days of'incorpora

tion of CRF's into the rooting medium, except during II-C, during which 

cuttings were not inserted until three weeks after incorporation of CRF's 

into the moistened rooting media. Cuttings were placed in a pad and 

fan-cooled, gas-heated polyethylene propagation house and rooted in 38 

x 53 em galvanized flats with a volume of 13.5 liters. The outside rows 

in each flat were occupied by cuttings not included in the experiment 

which provided uniform competition for all experimental cuttings. The 

cuttings were moved from the propagation house after 10 weeks and placed 

under reduced mist and 50 percent shade. Harvest of cuttings began 2 to 

3 ,"eeks after removal of cuttings from the propagation house. 
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Table 1. Treatment of cuttings and experimental conditions during 
Experiment II. 

Experiment Repetition IIA IIB IIC -:'ID 

Cutting treatment: 

Cutting date 2/28/80 3/18/81 6/16/80 6/8/81 

Insertion date 3/4/80 3/20/81 6/19/80 6/11/81 

Number and sex of clones 12ei',13't 20ei' 11d',12't 20er 

Number of nodes 5 5 5 5 

IBA at base (in 50% ETOH) 4000ppm 4000ppm 

KIBA at base (in H2O) 4000PiJrr. L.OOOppm 

Rooting medium 50/50, perlite/vermiculite 

Harvest period 6/4 to 6/l3 to 9/23 to 9/8 to 
6/14/80 6/23/81 9/30/80 9/17/81 

EXQerimenta1 conditions: 

Range, maximum °c 24.4-38.9 27.5-34.2 30.5-33 31-32.8 

Range, minimum °c l3.3-25 14.2-18.8 18.4-25.1 18.8-24.6 

Range, bottom heat °c 17.2-23 17.7-22.4 22.7-25.4 23.1-25.1 

Mist interva1l~ 8 sec./ 8 sec./ 8 sec./ 8 sec./ 
4 min. 4 min. 4 min. 8 min. 

*See Appendix A for analysis of mist water 



Table 2. Fertilizer treatments applied to cuttings during Experiment II. 

Release Actual N 
Treatment Formulation Analysis Time per Flat Rate 

1 Control 0-0-0 o gm 0 

2 Peter'sa 20-20-20 7.92 gm 300 ppm N 

3 Peter's 20-20-20 3.96 gm 150 ppm N 

4 Osmocote b 
19-6-12 3-4 mos. 15.2 gm -3 -3 5.93 kg m (10 lbs yd ) 

5 Osmocote 19-6-12 3-4 mos. 7.6 gm 
-3 -3 

2.97 kg m (5 lbs yd ) 

6 Osmocote 19-6-12 3-4 mos. 3.8 gm -3 -3 
1.48 kg m (2.5 lbs yd ) 

7 IBDUc 20-5-5 3-4 mos. 15.2 gm -3 -3 5.46 kg m (9.2 lbs yd ) 

8 IBDU 20-5-5 3-4 mos. 7.6 gm -3 -3 
2.73 kg m (4.6 lbs yd ) 

9 IBDU 20-5-5 3-4 mos. 3.8 gm -3 -3 1.36 kg m (2.3 lbs yd ) 

10 SCUd 36-0-0 3-4 mos. 15.2 gm -3 -3 3.08 kg m (5.2 lbs yd ) 

11 SCU 36-0-0 3-4 mos. 7.6 gm -3 -3 1.54 kg m (2.6 lbs yd ) 

12 SCU 36-0-0 3-4 mos. 3.8 gm -3 -3 0.77 kg m (1.3 lbs yd ) 

a. Peter's soluble fertilizer. 
b. "Osmocote", Sierra Chemical Co., Milpitas CA 95035. 
c. Isobutylidene diurea; "Swift Harvest King", Swift Agricultural Chemical Corp., Chicago, IL 60604. \Jl 

t-' 
d. Sulfur-coated urea; "Lesco Thirty-six", Lakeshore Equipment and Supply Co., Elyria, Ohio 44035. 
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Harvest periods for the repetitions of Experiment II appear in 

Table 1. Cuttings were harvested in t.hec,;::lme order in which they occu

pied the rooting bench. In Experiment II-A, all rooted cuttings were 

taken for growth and nutrient analysis and a maximum of 10 unrooted 

cuttings per treaL~ent randomly selected for the same analyses. In 

Experiments II-B, C, and D, a maximum of 10 rooted and unrooted cut

tings per treatment were selected for fresh weights, dry v.T2ights and 

nutrient analysis. Nodes per cutting and percent rooting were deter

mined based on all rooted cuttings. The terminal node of a cutting was 

considered mature enough to count if leaves at that node were equal to 

or greater than 1 em in length. Weights of roots were determined by 

carefully washing rooting media from the roots, blotting and weighing, 

followed by oven drying at 70 C for 24 hours and reweighing. Percent 

rooting data was arc-sine transformed and node number data square-root 

transformed, prior to analysis. 

Sampling for tissue nutrient status was conducted at insertion 

and harvest. In experiments carried out in 1980 (II-A and II-C), four 

replications, consisting of two randomly selected cuttings from each 

of 25 (II-A) or 23 (II-C) mother plants, were divided into leaves from 

each of the four nodes and stems .• In experiment II-C, nodes 1 and 2 

\vere combined to ensure sufficient material for analysis. Based on 

the results of the 1980 analyses, it was decided to combine leaves 

from nodes 1 through 4 for initial analysis in 1981 (II-B and D). At 

harvest, all leaves or roots from a maximum of ten cuttings per treat

ment were selected and all replications per treatment combined. Leaves 
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and roots of rooted cuttings and leaves of unrooted cuttings were washed 

in de-ionized water, oven dried at 70 C for 24 hours and ground in a 

Cyclone Sample Mill (UD Corporation, Boulder, Colorado). Sample mater

ial was analyzed for nitrogen by the micro-Kjeldhal method, and for P, 

K, Ca, Mg, Fe, Cu, Zn, B, Na, AI, and Ba by atomic absorption spectro

scopy. Analyses were car.r.ied out by the International ~linerals Corpora

tion at Terre Haute, Indiana. Regression analysis was employed to 

analyze relationships between tissue nutrient levels and growth para

meters. 

Experiment III 

The objective of this study was to determine effects of media 

incorporation of controlled-release fertilizer on CO
2 

exchange rates of 

j oj oba cuttings during and after rooting and to follow changes in CO
2

,,, 

exchange rates during the study. 

The experiment was repeated twice, beginning on January 18 and 

January 24, 1982 (Experiments III-A and III-B respectively). Cuttings 

were taken from five male plants at each date. The five males used in 

III-A were different from those used in III-B. The cuttings had six 

nodes each. The four upper nodes were retained with leaves and the 

lower node inserted in the media. Flowers were removed at the time the 

cuttings were taken. Cuttings were taken between 8:00 ~1 and 12 Noon 

and inserted at the Campbell Avenue Farm in the late afternoon of the 

same day. Transport from Mesa was in the same manner as described 

above for Experiment II. 
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Cuttings from each parent plant were randomly assigned to one 

of four fertilizer treatments: (1) control, no fertilizer, (2) 

Osmocote 19-6-12, low level, (3) Osmocote, medilliu level, and (4) 

Osmocote, high level. Treatments 2, 3 and 4 are the same as treatments 

6, 5 and 4 of Experiment II (see Table 2). The experiment used a fac

torial treatment design and the experimental design was a randomized 

complete block, blocked on parent plant. In Experiment III-A, cuttings 

from one of the parent plants failed to root and the block was deleted. 

The rooting media, hormone treatment and propagation structure 

were the same as those described for Experiments II-B and D (see Table 

1). The cuttings were rooted in 100 ml plastic cups sunk in sand, with 

24 cups in one 38 x 53 cm galvanized flat. Each block consisted of two 

galvanized flats containing 24 cups each, or 48 cups per block. Twelve 

cuttings, each of four treatments per block, were randomly assigned to 

positions within the block. Two flats per block were kept together on 

the rooting bench. 

During the period in which Experiment III was in the propaga

tion house (January 18 to March 19, 1982) daily temperature maxima 

ranged from 19 to 40 C, minima from 5 to 23 C and bottom heat from 10 

to 22 C. The mist interval was set at 8 seconds every 4 minutes. On 

January 30 and February 13, 1982, mist system malfunctions resulted in 

lack of mist for most of each day with consequent stress. On March 11 

and 16 respectively, Experiments III-A and III-B were lined-out into 

Terra-lite Redi Earth (W.R. Grace Inc.), a commercial mix comprised of 

peat and vermiculite and grown in tapered 6.2 x 25 cm plastic containers 
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(550 ml volume). The liners were kept in the propagation house under re-

duced mist for 10 days prior to being moved into the nursery under 50 

percent shade. During the two weeks in the nursery and prior to final 

CO
2 

flux measurements for III-A (on AprilS, 1982), temperature maxima 

ranged from 19.4 to 28.9 C and minima from 0.6 to 8.9 C. During the 

final two weeks in the nursery for III-B and prior to CO
2 

flux measure

ment on April 13, 1982, daily temperature maxima ranged from 19.4 to 

31.1 C and minima from 2.8 to 12.8 C. 

Cuttings were sampled randomly for CO
2 

exchange rates measure

ment during the first 7 weeks. After week 7 only rooted cuttings were 

randomly selected. Cuttings from III-A were selected for CO
2 

exchange 

determinations on days 3, 7, 14, 21, 35, 49, 55 and 77 from day of in-

sertion. Cuttings from III-B were selected on days 1, 3, 7, 14, 20, 34, 

48, 52, and 77. Cuttings were randomly selected for CO
2 

flux measure

ment bet~een 9:00 and 10:00 AM and were transported to the University of 

Arizona in a covered cooler after misting with a manual mister. 

Upon arrival at the laboratory, treatments were randomized with-

in blocks. CO
2 

exchange rates were run on clones in the same order each 

time so that any variation related to time of measurement would be in-

eluded in the block variance. Prior to measuring C02 flux cuttings were 

placed under a bank of seven water-cooled, 500 watt lamps for 30 to 40 

minutes. The cuttings were elevated so that PAR (photosynthetically 

active radiation) measured at the top leaves, was 600 to 700)J Einsteins 

-2 -1 m sec Cuttings were misted frequently to maintain a thin film of 

moisture on t.heir leaves at all times. 
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Apparent photosynthesis (AP), dark respiration (Rd) and root 

respiration (RR), were determined using a Beckman Model 865 infrared 

gas analyzer (Beckman Instruments, Fullerton, CA 92634) in a closed 

system. The method used was essentially the same as that described 

by Delaney (1972), Foutz (1973) and Foutz, Wilhelm and Dobrenz (1976). 

The cutting was sealed into a two-part plexiglass chamber (see Figure 

1) during C02 flux measurement. The bottom of the cutting was sealed 

into a 0.204 liter plexiglass chamber and separated from the top 

chamber by a 5 mm thick plexiglass partition through which the cutting 

stem passed (Figure 2). The system volume with the root chamber was 

0.383 liters. The cutting top was sealed into either a 0.46 or 0.61 

liter chamber depending upon cutting length. Light was furnished by 

a bank of seven 500 watt bulbs, immersed in 15 em of water. Light 

-2 -1 intensity at the top of the cutting was 700 ~Einsteins m sec and 

chamber temperature was 28 C + 2 C. Air was circulated through the 

system at a flow rate of 2.0 liters min-l Measurements were made in 

the range of CO
2 

concentrations of 400 to 320 ppm. 

Carbon dioxide exchange rates for AP and Rd were calculated on 

-2 -1 a leaf area basis as mg CO2 dm hr • Root respiration was determined 

as change in CO 2 concentration per minute. Calculations of CO2 ex

change rates were made using the following equation: 

(ppm CO
2 

min-1) (44,000 mg CO
2 

mole-I) (60 min. hr- l ) 

(692/760 mm Hg)(273/30l K)(system vol. in liters) (1) 
(22.4 liters mole I)(leaf area) (106) 

Leaf area measurements were made on aLi-Cor 3100 Area Meter. Leaves 

were weighed, oven dried for 24 hours at 70 C and re-weighed. Leaf dry 



Figure 1. Two-part plexiglass chamber used during co2 
exchange determinations (Experiment III). 
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Figure 2. System employed for C02 exchange determinations 
during Experiment III. 
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weight was then used to calculate specific leaf weight (SLW). Root and 

shoot fresh and dry weights were obtained in the same manner described 

for Experiment II. L~af succulence was determined from the ratio of 

leaf fresh weight to leaf dry weight. 

Experiment IV 

The primary purpose of this experiment was to determine the ef

fect of two different potting media on nursery growth of rooting-stage 

fertilized jojoba liners and control plants. 

Tip cuttings, of newly-matured wood, were obtained on May 31 

and June 6, 1979 from five female jojoba plants located on the Palomas 

Plains north of Dateland, Arizona. On June 30, 1979 cuttings were taken 

from two females located near Bumble Bee, Arizona. The mother plants used 

were not under cultivation. Between 150 to 200 cuttings were taken per 

mother plant. Cuttings were removed 1 cm below a node and all flower 

buds and fruit were removed. Node number per cutting was variable. 

Cuttings were wrapped in moist paper to~els, placed in plastic bags and 

transported in ice-cooled chests to the University of Arizona Campbell 

Avenue Farm in Tucson. 

Cuttings were placed in the propagation house on June 1, June 6 

and July 2, 1979. All cuttings were dipped for 15 seconds in 4000 ppm 

IBA (Sigma Chemical Co.), in a 50:50 solution of 95 percent ethyl 

alcohol (ETOH) and distilled water, prior to insertion. The cuttings 

were rooted in the same media and flats described above for Experiments 

I, II and III. One half of the cuttings from each mother plant were 

rooted in media containing 7.13 kg m-3 (12 lbs yd-3) of 8 to 9 month 
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release, Osmocote 18-6-12. The remaining cuttings from each mother 

plant served as controls. The experiment used a randomized complete 

block design, with mother plants as blocks. During the rooting period 

maximum temperatures in the propagation house ranged from 32 to 47 C 

and minimum temp~ratures from 19 to 31 C. Bottom heat was maintained 

between 20 and 25 C. The mist interval ·was eight seconds every four 

minutes, from shortly after dawn to shortly before dusk. 

R00ted cuttings from both fertilizer treatments were lined-out 

on September 7 and 12, 1979, into 550 ml plastic containers as de-

scribed above for Experiment III. Two different potting media were 

tested in a 2 x 2 factorial experiment with a randomized complete block 

design using mother plants as blocks. The media consisted of: (1) 

2 parts loam, 1 part sand and 1 part bark, and (2) 2 parts mix number 1, 

1 part perlite and 1 part vermiculite. The two media had the following 

physical characteristics: (1) bulk density (BD)=1.13 gm/cm3 , total 

porosity (Pt)=56.9 percent, air porosity (Pa)=18.5 percent and percent 

3 water = 25.1 percent, (2) BD=0.70 gm/cm , Pt=72.9 percent, Pa=27.6 

percent and percent water = 39.2 percent. Bulk density was determined 

by oven drying a known volume of media at 102 C. Total porosity was 

determined using the equation Pt = 98 - 36.2 (BD) (Hanan et al., 1981) 

and air porosity (Pa) derived using the formula of Beardsell et al. 

(1979). Percent water was determined by comparing the Height of satu-

rated soil (drained for two hours) \vith the weight of the same soil 

volume after oven drying.at 102 C for 24 hours. 

From mid-September to early November 1979, the liners were 

grown under 50 percent shade at the Campbell Avenue Farm, University of 
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Arizona, Tucson. From early November 1979 to early April 1980 the plants 

were overwintered in a heated fiberglass house in which the daily tem

perature maxima ranged from 23 to 43 C and minima from 14 to 26 C. From 

April to September, 1980 the liners were grown under 50 percent shade. 

All plants were fertilized with Peter's 20-20-20 at 200 ppm N on 

November 24, 1979, January 12, 1980 and February 26, 1980. During the 

spring and summer of 1980, the plants were fertilized every three weeks 

with Peter's 20-20-20 at 300 ppm N. The plants were evaluated in terms 

of new nodes developed as of 3, 6 and 12 months from lining-out. Data 

were square-root transformed prior to analysis. 

Experiment V 

The objective of this experiment was to determine effects of 

full sun and 50 percent shade on the growth of jojoba liners treated 

with fertilizers during the rooting phase (see Table 2 for rooting-phase 

treatments). 

Rooted cuttings from Experiment II-B wen~. lined-out between July 

5 and 14, 1981, into Terra-lite Redi Earth (W. R. Grace Inc.) and grown 

in 550 ml tubes as described above. One-half of the liners from each 

treatment and replicate were randomly selected to be grown under 50 

percent shade and the other half were moved to the nursery under. full 

sun on July 31, 1981. The liners \vere grown at the Campbell Avenue Farm 

until harvest in mid-October, 1981. The study used a 2 x 11 factorial 

treatment design (T-7 eliminated) in a randomized complete block experi

mental design. Blocks from the rooting stage were carried on into the 

nursery stage. 
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Experimental plants were bordered with plants not included in the 

study to ensur'e uniform conditions for all liners in the experiment. 

During the study daily temperature maxima ranged from 44 to 29 C and 

minima from 27 to 1 C. All liners were fertilized hi-weekly, with ap

proximately 100 ml of Peter's 20-20-20 at 200 ppm N, equaling about 0.04 

gm N per plant per month. 

At the time of harvest it was discovered that some of the con

tainers grown under shade had been invaded by roots of a poplar tree 

growing outside the farm perimeter which introduced a confounding factor. 

In order to assess the influence of the poplar root infestation a series 

of meaningfully-paired comparisons were conducted on liner node number 

(Steele and Torrie, 1980): (1) uninfested, shade-grown liners from a 

given phase 1 treatment and block were paired with sun-grown liners from 

the corresponding phase 1 cell; (2) uninfested, shade-grown liners, from 

a given phase 1 cell, were paired with all shade-grown liners from the 

same cell; and (3) all shade-grown liners (infested and uninfested) for 

a given phase 1 cell were paired with sun-grown liners for the same cell. 

The results of all three'comparisons were highly significant. In compari

son 1, uninfested shade-grown liners showed significantly less growth 

than did corresponding sun-grown liners. In comparison 2, uninfested 

shade-grown liners showed significantly more growth than did all liners 

(uninfested and infested) for the same cell. In comparison 3, all 

shade-grown liners for a given cell showed significantly less growth 

than did corresponding sun grown lienrs. (See Appendix B for paired 

comparison analyses.) Overall grm.,th of all shade-grown liners 

was 4.4 percent less than that of uninfested, shade-grown liners 



alone. Rasoolzadegan (1980) found that node number per liner Has 

highly, significantly correlated with shoot elongation, new shoot 

number and new leaf production. For this reason, it was decided to 

proceed and analyze the data in the factorial design after applying 

a 5 percent correction factor to the shade-grown plants. 

Harvest of the plants in Experiment V was carried out between 

October 20 and 27, 1981. Data were obtained for the following growth 

parameters: (1) node number per plant, (2) leaf area per plant, (3) 

leaf fresh weight per plant, (4) dry weight per plant, (5) leaf dry, 

weight per plant, (6) specific leaf weight (SLW), and (7) leaf succu

lence (leaf fresh weight/leaf dry weight). Node number and dry weights 
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were determined as described above under Experiment II. Leaves were count

ed if they were equal to, or greater than, 1 cm long. Leaf area was deter

.mined by ob taining the mean or· two leaf area measurements, one from a 

Model AAM-5 leaf area meter (Hayashi Denko Co., Tokyo, Japan) and the 

other from a Li-Cor MOdel 3100 Area Meter (Li-Cor Inc., Lincoln, Nebraska, 

U.S.A.). Specific leaf weight was determined using the formula: 

SLW = dry weight (mg)/unit leaf area (cm2) (2) 

At the time of harvest in late October, 1981, plants were cut 

at the soil line and the root systems kept alive by periodic watering. 

Visual inspection during the month of November, 1981 showed that the 

roots remained alive and healthy. Due to the infestation of the 

shade-grown plants it was decided to harvest only the roots of sun

grown plants. Roots were harvested between December 15 and 28, 1981 

and were separated by hand from the potting medium. The roots and ad-

he ring media were oven dried at 70 C for 24 hours. The media and roots 
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were separated by screening through a number ten screen and small roots 

manually removed with a tweezers. 

Only sun-grown plants were used for leaf element analysis at 

harvest. All leaves from each cell were washed, dried, ground and an-

alyzed as described above, under Experiment II. 

Experiment VI 

The objective of this nursery-stage experiment was to determine 

the effects of different levels of Osmocote 19-6-12 (3 to 4 month re-

lease duration) on jojoba liners treated with fertilizers during root-

ing (see Table 2 for rooting-stage fertilizer treatments). 

Rooted cuttings from Experiment II-D were lined-out between 

September 24 and October 6, 1981. The plants were grown in the same 

media and containers described above for Experiment V. Micromax, a 

controlled-release, micronutrient fertilizer (Sierra Chemical Inc.) 

-3 -3 
was added to the media at the rate of 890 grams m (1.5 lbs yd ). 

One-third of the rooted cuttings from each rooting-stage cell were as-

signed randomly to the follm.,ing treatments: (1) control, no Osmocote 

added, (2) Osmocote at 1.483 kg m-3 (2.5 lbs yd-3), and (3) Osmocote 

-3 -3 
at 2.965 kg m (5.0 lbs yd ). The study used a 3 x 11 factorial 

treatment design and a generalized randomized block with unequal sub-

class numbers experimental design (Steele and Torrie, 1980). The plants 

were grown under 50 percent shade at the Campbell Avenue Farm until 

early November, 1981, when they moved to a gas-heated, fiberglass green-

house for oven.,intering. On January 20, 1982, the plants were moved to 

a small, glass greenhouse for hardening until April 1, 1982, when they 
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were moved to the nursery prior to field transplanting. In the glass

house, daily temperature maxima ranged from 21 to 35 C and minima from 

-1 to 15 C. Night heat and frequency of irrigation were progressively 

reduced in the glasshouse. Malathion 50 was applied as needed to con

trol aphids in the fiberglass house and in the glasshouse. 

Data were taken between January 6 and 10, 1982 and March 24 

and 29, 1982. In January the following parameters were measured: per

cent survival, node number per liner, leaf number per liner, and nodes 

with flowers per liner. In late March the following parameters were 

measured: percent survival, node number per liner, and leaf number per 

liner. 

Experiment VII 

The objective of this experiment was to determine effects of 

rooting stage and nursery stage fertilization on field survival and 

early growth. 

Plants from the same stage I plus stage II treatment (Experiment 

VI) were randomly assigned to three replications for field establishment 

studies. The three replications comprised three blocks, each block 

running along 50.3 meters (165 feet) of row. Rooting plus nursery 

treatment combinations (33 treatments in total) were randomly assigned 

to positions within each block and five plants not included in the 

experiment planted at each end of the row. All plants were fertilized 

with Peter's 20-20-20 at 200 ppm N, one week prior to transplanting. 

The study was conducted in an experimental field located near 

the offices of Sunland Jojoba Inc. near Casa Grande, Arizona. The soil 
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in the field is classified as a Typic Torrifluvents and is a loamy sand 

with pH = 7.6. (For details of the soil and water analyses, see 

Appendix C). Irrigation water was supplied weekly via Reid bi-wall 

tubing in which holes were positioned at intervals of 30.5 cm (one 

foot). Liners were transplanted into well pre-moistened soil on April 

15, 1982. During the study ·temperature maxima ranged from 36 to 46 C 

and minima from 2 to 21 C. Shortly after transplanting, leaf removal 

by leaf cutting ants became a problem and ants were controlled by ap

plication of Diazinon insecticide powder. 

On September 10, 1982, data were obtained on percent survival 

and on growth (height + long axis + short axis). The data were ana

lyzed as a 3 x 11 factorial treatment design in a generalized, random

ized block with unequal subclass numbers experimental design. 
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RESULTS AND DISCUSSION 

Effects of Time of Excision and Mode of 
Transport on Rooting and Growth of 

Jojoba Cuttings 

Cuttings wrapped in moist paper towel and transported in poly-

ethylene bags had an average shoot water potential of -14 bars at in-

sertion compared with -41 bars for those transported in paper bag~. 

There was very little difference in water potential at insertion, among 

cuttings taken at different times of day and transported in the same 

manner (Table 3). Cuttings transporteu in paper bags rooted signifi-

cantly more than did those transported in plastic bags (Table 4) al-

though the difference was not large (95.9 versus 87.7 percent). Time 

of day at which cuttings were taken had no significant effect on root-

ing. A response similar to that for rooting was found for root fresh 

weight per cutting (Table 5). Cuttings transported in paper bags had 

significantly greater root fresh weights per cutting than did those 

transported in plastic bags. In addition, time of day and time of day 

by mode of transport effects were significant (Table 5). In general, 

cuttings taken early in the morning had lower root fresh weights per 

cutting than did those taken in the mid to late afternoon. This effect 

was especially pronounced when cuttings were conveyed in paper bags. 

During the rooting period there were no significant mode of 

transport effects on either node number per rooted cutting (Table 6), 

or fresh weight per shoot (Table 7). Time of day at which cuttings 

67 
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Table 3. Influence of exc~s~on time and transport method on shoot 
water potential at insertion of jojoba cuttings (Experiment 
I) . 

Shoot Water Potential (bars) 
Time of Excision Paper Bag Plastic Bag 

Pre-dawn (4:00-5:30 AM) <-41 -12 

Dawn (5:30-7:00 AM) <-41 -15 

Mid-morning (9:00-10:30 AM) <-41 -14 

Mid-day (11:30 AM-1:00 PM) <-41 -14 

Mid-afternoon (2:30-4:00 PM) <-41 -12 

Dusk (6:30-8:00 PM) <-41 -14 

Mean <-41 -14 



69 

Table 4. Influence of eXC1S1on time and transport method on percentage 
rooted jojoba cuttings (Experiment I). 

Percentage Rooting 
Time of Excision Paper Bag Plastic Bag Mean+ 

Pre-dawn (4:00-5:30 AM) 96.0 90.0 93.0a 

Dawn (5:30-7:00 AM) 98.0 84.0 91.0a 

Mid-morning (9:00-10:30 AM) 94.0 88.2 91.la 

Mid-day (11:30 AM-l:OO PM) 94.0 90.0 n.Oa 

Mid-afternoon (2:30-4:00 PM) 97.5 90.0 93.8a 

Dusk (6:30-8:00 PM) 96.0 84.0 90.0a 

Mean It 95.9B 87.7A 91. 7 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

#Within rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 5. Influence of eXClSlon time and transport method on root fresh 
weight per jojoba cutting (Experiment I). 

Root F~esh Weight (g) 
Time of Excision Paper Bag Plastic Bag Hean 

Pre-dawn (4:00-5:30 AH) 

Dawn (5:30-7:00 AH) 

Hid-morning (9:00-10:30 AH) 

Hid-day (11:30 AH-l:OO PH) 

Hid-afternoon (2:30-4:00 PH) 

Dusk (6:30-8:00 PH) 

Hean# 

+ 0.6la 

0.80ab 

0.65a 

O.72ab 

l.llc 

0.92b 

0.80B 

0.59a O.60a 

0.73a 0.76ab 

0.69a 0.67ab 

0.86a 0.79ab 

0.53a 0.82b 

0.64a 0.78ab 

0.67A 0.73 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

#W" h" " d "h h It In rows, means assoclate Wlt t e same upper 
significantly different at the 5% level according 
multiple range test. 

case letter are not 
to the S-N-K 
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Table 6. Influence of excision time and transport method on node num
ber per rooted jojoba cutting (Experiment I). 

Node Number Eer Cutting 
Time of Excision Paper Bag Plastic Bag Mean+ 

Pre-dawn (4:00-5:30 AM) 7.05 7.36 7.2la 

Dawn (5:30-7:00 AM) 7.43 7.99 7.7la 

Mid-morning (9:00-10:30 AM) 7.81 7.76 7.79a 

Mid-day (11:30 AM-l:OO PM) 7.06 7.83 7.44a 

Mid-afternoon (2:30-4:00 PM) 7.66 7.03 7.34a 

Dusk (6:30-8:00 PM) 6.77 7.06 6.9la 

Mean II 7.30A 7.51A 7.40 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

IIWithin rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 



Table 7. Influence of exc~s~on time and transport method on shoot 
fresh weight per rooted jojoba cutting (Experiment I). 

Shoot Fresh Weight (g) 
Time of Excision Paper Bag Plastic Bag 

Pre-dawn (4:00-5:30 AM) 3.17 3.10 

Dawn (5:30-7:00 AM) 3.16 3.31 

Mid-morning (9:00-10:30 AM) 3.15 3.30 

Mid-day (11:30 AM-l:OO PM) 3.08 3.31 

Mid-afternoon (2:30-4:00 PM) 3.54 3.17 

Dusk (6:30-8:00 PM) 3.24 3.18 

II ~ , 
Mean 3.22A 3.22A 
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Mean+ 

3.13a 

3.24a 

3.22a 

3.20a 

3.36a 

3.2la 

3.22 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

#Within rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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were taken had no significant effect on node number per rooted cutting 

(Table 6). There was a signif1cant effect (.05 level) of time of ex-

cis ion on shoot fresh weight per cutting (Table 7) which paralleled the 

root fresh weight results but the Student-Newman-Kuehl (SNK) mean sep-

aration test failed to separate the treatments. 

Both the time of excision and mode of transport effects suggest 

a possible stimulatory effect on rooting and root growth of relatively 

low shoot water potentials both at excision and after transport at in-

cision. While this is a possibility, further studies are required to 

either support or refute it. 

Effects of Mineral Nutrition During Rooting 

Effects on Rooting 

In two of the four repetitions of Experiment II (spring and 

-3 summer 1981) treatment 7 (IBDU, 5.5 kg m ) resulted in significantly 

decreased rooting percentage as compared with all other treatments 

(Table 8). In the spring of 1980, treatment 7 resulted in significantly 

lower rooting percentage than did treatments 4, 5 (high and medium rates 

of Osmocote) and 11 (medium rate of SeU). Overall, for the three above 

mentioned repetitions, 42.3 percent of the cuttings in treatment 7 

rooted as opposed to 76.4 percent for cuttings of all other treatments 

combined. It is interesting to note that during the summer of 1980 

when rooting was generally depressed for all other treatments, treat-

ment 7 rooted at a rate comparable to that of non-fertilized controls 

and above the overall mean (Table 8). During the same run, cuttings 



+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 
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from treatments 4 and 5 (high and medium rates of Osmocote) rooted very 

poorly. As noted under Materials and Methods, during summer 1980 CRF's 

were incorporated into previously moistened media three weeks prior to 

insE~rtion of cuttings and it is likely that fertilizer release was tak-

ing place during that time. Osmocote has been shown to continue release 

of nutrients at an appreciable rate, down to 5 percent soil moisture 

(Lunt and Oertli, 1962). Inhibitory effects of the high rate of IBDU 

on rooting may be related to accumulations of NH4+ at levels sufficient 

to depress rooting. Relatively high accumulations of NH4+ during the 

first month after application have been reported with IBDU (Hughes, 

1976). 

The lack of either rooting enhancement or suppression (treat-

ment 7 excluded) as compared with unfertilized controls, corresponds 

with results for both soluble liquid fertilizers (Still and Lane, 1982) 

and CRF's (Johnson and Hamilton, 1977; Still and Lane, 1982; Chong, 

1982). In some cases use of CRF's during rooting has significantly de-

creased rooting (Williams and Bilderback, 1980) and in others it has sig-

nificantly increased it (Chong, 1982). In most cases fertilization of 

jojoba cuttings during mist propagation does not adversely affect 

rooting; however, the problems encountered indicate that test runs 

should be carried out and care taken not to incorporate materials far 

in advance of cutting insertion. In all experiments reported herein 

CRF's were incorporated into the rooting media. Chong (1982) has re-

cently reported that surface-application may be a superior method. 
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Effects on Root Growth 

Significant differences in root fresh weight between treatment 

means were found only during spring 1980. The average root fresh 

weight per control cutting of 0.57 gm was significantly lower than that 

for treatments 2, 4 and 5 (Table 9). There were no significant differ

ences between any other treatments and the control. 

Significant differences in root dry weight per cutting were 

found only during the spring of 1981 (Table 10). Cuttings rooted in 

the presence of treatments 2, 4 and 12 had significantly higher root 

dry weights per cutting than the control plants (Table 10). 

A potential negative result of fertilization during rooting is 

that it may lead to increased shoot growth at the expense of root 

growth, hm-lever this was not found in this study. Data for roots as 

a percentage total dry weight (Table 11) show that in three runs out of 

four, significant differences were not found between treatments. During 

the spring of 1981 a significant response was found with treatment 2 

having significantly more root as a percentage total dry weight than 

treatments 1, 3, 9 and #10. No treatment during any run had a signifi

cantly lower value than the control for root as a percentage of total 

dry weight. During the summer of 1980, the data show that the high 

level of Osmocote (treatment 4) had the least root growth in relation 

to total dry weight (Table 11), paralleling the results for rooting per

centage (Table 8), root fresh weight (Table 9) and root dry weight 

(Table 10) during that run. 

Root growth was significantly affected by fertilization during 

the spring runs only. Sorenson and Coorts (1968) found seasonal 
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Table 9. Influence of nutrition during rooting on root fresh weight 
per jojoba cutting (Experiment II). 

Fertilizer 
Treatment 

T-l: 
(Control) 

T-2: 
(20-20-20, 300 pp~ N) 

T-3: 
(20-20-20, 150 ppm N) 

.T-4: -3 (Osmocote, 5.9 kg m ) 

T-5: -3 (Osmocote, 3.0 kg m ) 

T-6: 
(Osmocote, 1.5 kg m-3) 

T-7: 
(IBDU, 5.5 kg m-3) 

T-S: -3 
(IBDU, 2.7 kg m ) 

T-9: 
(IBDU, -3 1.4kgm) 

T-lO: 
(SCU, -3 3.1 kg m ) 

T-l1: -3 
(SCU, 1..5 kg m ) 

T-12: 
(SCU, (J.a 

Mean 

-3 kg m ) 

Spring 
19S0 

0.S7a 

0.96 b 

O.SSab 

0.96 b 

1.03 b 

0.7Sab 

0.76ab 

O.72ab 

O.77ab 

0.S2ab 

0.74ab 

0.79ab 

0.82 

Root Fresh weight+ (g) 
Repetition of Experiment 

Spring Summer 
19S1 1980 

0.46a 0.33a 

0.67a 0.46a 

0.39a 0.45a 

0.67a 0.29a 

0.59a 0.40a 

0.5Sa 0.43a 

0.S7a O.SSa 

0.S6a 0.4Sa 

0.44a 0.47a 

0.S3a O.Sla 

0.49a 0.33a 

0.70a 0.39a 

0.55 0.42 

Summer 
19S1 

0.66a 

O.6Sa 

0.63a 

0.S9a 

0.69a 

0.73a 

0.6Sa 

0.47a 

O.SQa 

0.69a 

0.6la 

0.6la 

0.67 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
mUltiple range test. 
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Table 10. Influence of nutrition during rooting on root dry weight per 
jojoba cutting (Experiment II). 

Root Dry weight+ {mg2 
ReEetition of EXEeriment 

Fertilizer Spring Spring Summer Summer 
Treatment 1980 1981 1980 1981 

T-l: 
(Control) 60a 63abc 33a 85a 

T-2: 
(20-20-20, 300 ppm N) 88a 87 c 50a 85a 

T-3: 
(20-20-20, 150 ppm N) 8la 5la 30a 78a 

T-4: 
3 (Osmocote, 5.9 kg m- ) 93a 86 de 23a 119a 

T-5: -3 (Osmocote, 3.0 kg m ) 93a 80 cde 45a 132a 

T-6: -3 (Osmocote, 1.5 kg m ) 88a 63abc 50a 96a 

T-7: 
-3 (IBDU, 5.5 kg m ) 80a 7labcde 73a 90a 

T-8: -3 (IBDU, 2.7 kg m ) 7la 73abcde 58a 64a 

T-9: 
-3 (IBDU, 1. 4 kg m ) 80a S7ab 58a 106a 

T-10: -3 (SCU, 3.1 kg m ) 82a 65abcd 60a 102a 

T-11: -3 (SCU, 1. 5 kg m ) 67a 63abc 33a 113a 

T-12: -3 (SCU, 0.8 kg m ) 76a 88 e 45a 98a 

Mean 80 71 46 97 

+ Hithin columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 11. Influence of nutrition during rooting on roots as a percen
tage total dry weight per cutting (Experiment II). 

Fertilizer 
Treatment 

T-l: 
(Control) 

T-2: 
(20-20-20, 300 ppm N) 

T-3: 
(20-20-20, 150 ppm N) 

T-4: 
(Osmocote, 5.9 kg m-3 ) 

T-5: -3 (Osmocote, 3.0 kg m ) 

T-6: -3 (Osmocote, 1.5 kg m ) 

T-7: 
(IBDU, 

T-8: 
(IBDU, 

-3 5.5 kg m ) 

-3 2.7 kg m ) 

T-9: -3 
(lBDU, 1.4 kg m ) 

T-lO: 
(SCU, 3.1 kg m-3) 

T-ll: 
-3 (SCU, 1.5 kg m ) 

T-12: -3 (SCU, 0.8 kg m ) 

Mean 

Spring 
1980 

4.9a 

6.8a 

6.6a 

6.9a 

6.6a 

6.5a 

6.0a 

5.3a 

6.la 

5.9a 

5.la 

5.9a 

6.1 

Roots as a Percent Total Dry 
Weight per Cutting+ 

Repetition of Experiment 
Spring Summer 

1981 1980 

5.2a 3.la 

8.0 b 4.6a 

4.8a 3.la 

6.6ab 2.5a 

6.2ab 4.4a 

5.7ab 3.7a 

7.lab 7.2a 

6.2ab 4.6a 

4.7a 5.2a 

5.2a 6.0a 

5.5ab 3.5a 

7.2ab 4.3a 

6.0 4.3 

Summer 
1981 

6.6a 

6.8a 

5.8a 

7.2a 

7.7a 

6.la 

6.8a 

4.7a 

7.4a 

6.7a 

8.3a 

6.9a 

6.8 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 
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differences in root growth in response to nutrient mist with holly, box-

wood and juniper~ Others have found significant enhancement of root 

growth as a result of using Osmocote during mist propagation but did not 

carry out seasonal comparisons (Johnson and Hamilton, 1977; Still and 

Lane, 1982; Chong, 1982). 

Effects on Shoot Growth 

Several fertilizer treatments significantly increased node num-

ber per cutting (Table 12). High and medium levels of Osmocote (treat-

ments 4 and 5) significantly increased node number per cutting over that 

of controls in all repetitions except summer 1980. The low Osmocote 

rate (treatment 6) also increased node number in spring 1980 and sum-

mer 1981. Peter's 20-20-20, at 300 ppm N, gave significant enhancement 

over controls during the spring and summer of 1981. In general, the 

Osmocote treatments resulted in the greatest shoot growth during root-

ing when measured in terms of node number per cutting (Table 12). 

Fresh weight per shoot was significantly affected by ferti1iza-

tion in all runs except during the summer of 1980 (Table 13). The high 

level of Osmocote (treatment 4) resulted in significantly greater shoot 

fresh weight as compared to controls when cuttings were made in the 

spring of 1980 and summer 1981. -3 Osmocote at 3.0 kg m (treatment 5) 

resulted in significantly greater shoot fresh weight than controls in 

the spring of 1980. Treatment 4 (high rate of Osmocote) also led to 

significantly greater fresh weight per shoot than treatments 2, 7, 8, 

9, 11 and 12 during summer 1981. 



81 

Table 12. Influence of nutrition during rooting on node number per 
rooted jojoba cutting (Experiment II). 

Node Number per Cutting + 
Re:eetition of Ex:eeriment 

Fertilizer Spring Spring Summer Summer 
Treat1;llent 1980 1981 1980 1981 

T-l: 
(Control) 5.40a 6.08a 5.89a 6.92a 

T-2: 
(20-20-20, 300 ppm N) 6.82abc 7.23 bc 6.18a 8.87 bc 

T-3: 
(20-20-20, 150 ppm N) 5.95ab 6.95ab 5.8la 8.28abc 

T-4: -3 (Osmocote, 5.9 kg m ) 7.94 c 8.77 d 7.l2a 10.70 d 

T-5: 
-3 (Osmocote, 3.0 kg m ) 7.10 bc 8.07 cd 5.62a 9.32 c 

T-6: -3 (Osmocote, 1.5 kg m ) 7.14 bc 7.l8abc 6.34a 9.73 cd 

T-7: -3 (IBDU, 5.5 kg m ) 6.00ab 6.59ab 5.80a 8.2labc 

T-8: -3 (IBDU, 2.7 kg m ) 6.33abc 6.77ab 5.78a 7.40ab 

T-9: -3 (IBDU, 1.4 kg m ) 6.55abc 6.82ab 5.95a 7.65ab 

T-10: -3 (SCU, 3.1 kg m ) 6.6labc 6.78ab 6.04a 8.l3abc 

T-l1: -3 (SCU, 1.5 kg m ) 6.05ab 6.84ab 5.78a 7.55ab 

T-12: -3 (SCU, 0.8 kg m ) 5.84ab 6.75ab 6.03a 7.52ab 

Hean 6.48 7.06 6.02 8.33 

+\oJithin columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 13. Influence of nutrition during rooting on fresh weight per 
shoot of rooted jojoba cuttings (Experiment II). 

Shoot Fresh weight+ (g) 
Repetition of Experiment 

Fertilizer Spring Spring Summer Summer 
Treatment 1980 1981 1980 1981 

T-l: 
(Control) 2.83a 2.95ab 2.65a 3.25a 

T-2: 
(20-20-20, 300 ppm N) 3.23ab 2.88ab 3.02a 3.60a 

T-3: 
(20-20-20, 150 ppm N) 3.l6ab 2.85ab 3.08a 3.90ab 

T-4: -3 (Osmocote, 5.9 kg m ) 3.53 b 3.58 b 2.56a 4.72 b 

T-5: -3 (Osmocote, 3.8 kg m ) 3.53 b 3.39ab 2.65a 4.13ab 

T-6: -3 (Osmocote, 1.5 kg m ) 3.29ab 3.0lab 3.46a 4.22ab 

T-7: -3 (IBDU, 5.5 kg m ) 3.07ab 2.69a 2.77a 3.49a 

T-8: -3 (IBDU, 2.7 kg m ) 3.22ab 2.96ab 3.25a 3.48a 

T-9: -3 (IBDU, 1.4 kg m ) 3.l2ab 3.06ab 2.95a 3.78a 

T-10: -3 (SeU, 3.1 kg m ) 3.35ab 3.05ab 2.65a 3.92ab 

T-ll: -3 (SeU, 1.5 kg m ) 3.l2ab 2.87ab 2.62a 3.33a 

T-12: -3 (SeU, 0.8 kg m ) 3.03ab 3.05ab 2.63a 3.5la 

Mean 3.21 3.03 2.86 3.78 

+Within columns, means associated with the same lower case letter are not 
significantly different at the 5% level according to the S-N-K multiple 
range test. 
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Differences in shoot dry weight between treatments were only sig

nificant during the summer season (Table 14), but in neither the summer 

of 1980, or 1981, did any fertilizer treatment result in significantly 

greater shoot dry weight than did the non-fertilized controls. There 

were some within-fertilizer treatment differences during each summer 

run. During summer 1980, the depressing effect of the high Osmocote 

rate (Treatment 4), was evident. The value of 1.25 g dry weight per 

shoot for the low rate of Osmocote (treatment 6) was significantly 

higher than the 0.92 g for the high rate (treatment 4). Shoot dry 

weight in treatment 6 was also significantly higher than those for 

treatments 7 and 11. During the summer of 1981 the opposite situation 

prevailed whereby plants treated with the high rate of Osmocote had the 

greatest growth in terms of dry weight per shoot. 

Significant differences in shoot dry weight per unrooted cut

ting occurred only during the spring of 1981 (Table 15). During this 

repetition, none of fertilizer treatments resulted in significantly 

greater dry weight per unrooted cutting than untreated plants. Treat

ments 4 and 7 resulted in significantly greater dry weight than did 

treatment 2. Treatment 4 resulted in significantly greater dry weight 

than did treatment 6 (Table 15). 

Shoot succulence (shoot fresh weight/shoot dry weight) was sig

nificantly affected by fertilizer treatment in all runs except that of 

summer 1980 (Table 16). During spring 1980 the high rate of Osmocote 

(treatment 4) resulted in significantly greater shoot succulence (2.80) 

than did the control (2.46). All other treatments were not significantly 
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Table 14. Influence of nutrition during rooting on shoot dry weight 
per rooted cutting (Experiment II). 

Shoot Dr;y Weight + {g2 
Re:eetition of Experiment 

Fertilizer Spring Spring Summer Summer 
Treatment 1980 1981 1980 1981 

T-l: 
(Control) 1.l5a 1.ISa 1.01ab 1.23ab 

T-2: 
(20-20-20, 300 ppm N) 1.19a 1.00a 1.03ab 1.14a 

T-3 : 
(20-20-20, 150 ppm N) 1.l6a 1.03a 0.96ab 1. 26ab 

T-4: -3 (Osmocote, 5.9 kg m ) 1.26a 1.22a 0.92a 1.53 b 

T-5: -3 (Osmocote, 3.0 kg m ) 1.32a 1.20a 1.00ab 1.4lab 

T-6: -3 (Osmocote, 1.5 kg m ) 1.28a 1.09a 1.25 b 1. 45ab 

T-7: -3 (IBDU, 5.5 kg m ) 1.23a 0.94a 0.93a 1. 22ab 

T-8: -3 (IBDU, 2.7 kg m ) 1.25a 1.09a 1. 20ab 1.25ab 

T-9: -3 (IBDU, 1.4 kg m ) 1.22a 1.15a 1.05ab 1.32ab 

T-lO: -3 
(SCU, 3.1 kg m ) 1.3la 1.20a 0.97ab 1. 40ab 

T-11: -3 (SCU, 1.5 kg m ) 1.24a 1.09a 0.94a 1.23ab 

T-12: -3 (SeD, 0.8 kg m ) 1.20a 1.13a 0.99ab 1.28ab 

Mean 1.23 1.11 1.02 1.31 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 15. Influence of nutrition during rooting on dry weight per non
rooted cutting at lining-out (Experiment II). 

Dry Weight per Non-Rooted Cutting+ {g) 
Repetition of Experiment 

Fertilizer Spring Spring Summer Summer 
Treatment 1980 1981 1980 1981 

T-1: 
(Control) 1.09a 0.97abc 1. 04a 1.04a 

T-2: 
(20-20-20, 300 ppm N) 1.12a 0.80a 0.98a 0.83a 

T-3: 
(20-20-20, 150 ppm N) 1.08a O.92abc 0.94a 0.91a 

T-4: -3 (Osmocote, 5.9 kg m ) 1.09a 1.06 c 0.89a 1.00a 

T-5 : -3 (Osmocote, 3.0kgm) 1.19a 0.87abc 1.04a 1. 07a 

T-6: -3 (Osmocote, 1.5 kg m ) 1. lOa 0.80ab 1.01a 0.99a 

T-7: -3 (IBDU, 5.5 kg m ) 1.22a 1. 04 bc 0.97a LOla 

T-8: -3 (IBDU, 2.7 kg m ) 1.09a 0.86abc LOla 1.05a 

T-9: -3 (IBDU, 1.4 kg m ) 1.16a 0.89abc 0.96a 1.04a 

T-10: -3 (SCU, 3.1 kg m ) 1.12a 0.94abc 1.01a 0.81a 

T-ll: -3 (SCU, 1.5 kg m ) 1.09a 0.90abc 0.99a 1.07a 

T-12: 
kg m-3) (SCU, 0.8 1.18a 0.88abc 1.00a 1.02a 

Hear! 1.l3 0.90 0.99 0.99 

\lithin columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 16. Influence of nutrition during rooting on shoot succulence 
(fresh weight shoot-l/dry w~ight shoot-I) of rooted jojoba 
cuttings -(Experiment II). 

Shoot Succulence+ [fresh weight 
{g2/dry weight ~g2J 

Repetition of Experiment 
Fertilizer Spring Spring Summer Summer 
Treatment 1980 1981 1980 1981 

T-l: 
(Control) 2.46a 2.57a 2.63a 2.66a 

T-2: 
(20-20-20, 300 ppm N) 2.7lab 2.88 de 2.93a 3.14 d 

T-3: 
(20-20-20, 150 ppm N) 2.72ab 2.78 bcde 2.87a 3.09 cd 

T-4: -3 (Osmocote, 5.9 kg m ) 2.80 b 2.93 e 2.79a 3.08 bcd 

T-5: -3 (Osmocote, 3.0 kg m ) 2.67ab 2.82 bcde 2.65a 2.94abcd 

T-6: -3 (Osmocote, 1. 5 kg m ) 2.57ab 2.75abcde 2.77a 2.95abcd 

T-7: -3 (IBDU, 5.5 kg m ) 2.50ab 2.87 cde 2.98a 2.87abcd 

T-8: -3 (IBDU, 2.7 kg m ) 2.58ab 2.72abcd 2.7la 2.77abc 

T-9: -3 (IBDU, 1.4 kg m ) 2.56ab 2.67abc 2.8la 2.87abcd 

T-lO: -3 (SCU, 3.1 kg m ) 2.56ab 2.55a 2.75a 2.79abc 

T-ll: -3 (SCU, 1.5 kg m ) 2.52ab 2.63ab 2.79a 2.73ab 

T-12: 
kg m-3) (SCU, 0.8 2.5Jab 2.69abcd 2.66a 2.73ab 

Hean 2.60 2.73 2.77 2.88 

+ 
Hithin columns, means associated with the same lmver case letter are 
not significantly different at the 5% level according to the S-N-K 
m~ltiple range test. 



different from controls in shoot succulence. During spring 19S1 

treatments 2, 3, 4, 5 and 7 all resulted in significantly greater 

shoot succulence than did controls (Table 16). During summer 1981 

treatments 2, 3 and 4 resulted in significantly greater shoot succu

lence than did controls. 

S7 

The correlation matrix for the growth parameters reported 

above appears in Table IS. The variables corresponding to the abbre

viations used in Table IS, appear~n Table 17. The strong, positive 

relationship between shoot and root growth in both spring and summer 

can be seen in the r values correlating root and shoot growth parame

ters (Table IS). Th.e average value of r between fresh weight per shoot 

and fresh weight per root was r = 0.55. A strong correlation was also 

found between shoot fresh weight and root dry weight for the three runs 

(r = 0.49). Node number per cutting was highly correlated with root 

growth during the spring and to a lesser degree in the summer. In 

general, node number was not as well correlated with root growth as 

was shoot fresh weight. Shoot succulence was highly correlated with 

root growth during the spring runs (r = 0.57 in spring 19S0) and to a 

lesser degree, during the summer (Table 18). 

The general picture that emerges from the shoot growth data is 

that the high and medium rates of Osmocote (treatments 4 and 5) were 

most effective in enhancing shoot growth. Treatment 2 (Peter's 20-20-

20, 300 ppm N) was also relatively effective in promoting shoot growth 

during the rooting period. Similar increases in shoot grm-lth resulting 

from the use of Osmocote in the rooting medium have been found by 



Table 17. Abbreviations used in growth parameter and nutrient con
centration correlation matrices (Experiment II). 

Abbreviation Variable 

FWPS fresh Height per shoot 

DWPS dry weight per shoot 

FWR fresh weight of roots per cutting 

DWR dry weight of roots per cutting 

NODES node number per cutting 

RPTDH root as percent total dry weight 

SSUCC shoot succulence 

PROOT percent rooted 

88 



Table 18. Correlation matrix for growth parameters of rooted jojoba cuttings during Experiment II. 

Growth Growth Parameter 
Parameter Repetition FWPS DWPS FWR DWR NODES RPTDW 

DWPS Spring 1980 .76** 
1981 .90** 

Summer 1980 .92** 
1981 .89** 

FWR Spring 1980 .63** .33* 
1981 .48** .33* 

Summer 1980 .40** .22 
1981 .68*>" .63** 

DWR Spring 1980 .58** .44** .84** 
1981 .49** .33* .97** 

Summer 1980 .40** .29* .72** 
1981 .47** .54** .82** 

NODES Spring 1980 .76** .55** .40** .46** 
1981 .64** .40** .34** .37** 

Summer 1980 .39** .20 .15 .25* 
1981 .66** .46** .30* .15 

RPTDW Spring 1980 .36** .11 .82** .94** .31* 
1981 .06 -.16 .85** .87** .18 

Summer 1980 .05 -.11 .66** .92** .16 
1981 .27* .29* .76** .95*>" .01 

S SUCC Spring 1980 .62** -.04 .57** .36** .49*>" .LI2** 
1981 .26* -.19 .36** .38** .55** .50*>" 

Summer 1980 .22 -.18 .45** .30* .45>"* .40** 
1981 .48** .01 .28* .02 .55** .05 

"'Significant at .05 level. 
"'*Significant at .01 level. 

co 
\0 
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Johnson and Hamilton (1977) with juniper and privet and by Still and 

Lane (1982) with red maple. Still and Lane (1982) also found that use 

of Peter's 20-20-20 at 200 ppm N significantly enhanced shoot length of 

red maple over that of controls. 

Changes in Leaf Nutrient Status 

Since leaf tissue levels of 14 elements were determined, it 

will not be possible to discuss them all in detail. Greater attention 

will therefore be paid to the macronutrients, particularly N, P, and K, 

since they are more central to these experiments. 

In all four runs of Experiment II, tissue N levels of non

fertilized controls fell during the rooting period, e.g., from 1.7 to 

1.2 percent N during spring 1980 (30 percent drop) and from 2.6 to 1.5 

percent during summer 1981 (42 percent drop) (Table 19). In contrast, 

leaf N levels of fertilized cuttings during spring dropped to a lesser 

degree and in some cases rose above initial levels during the rooting 

period. Examples of those whose leaf N levels rose during rooting are 

cuttings from treatments 4 and 10 during spring 1980 and from all treat

ments except 1, 7 and 9 during summer 1981. During the summer runs, all 

treatments had lower tissue N levels at lining-out than at insertion 

but many of the fertilizer-treated groups showed much less reduction 

in leaf N than did controls, e.g., 2.6 to 2.3 percent N for cuttings 

from treatment 4 during summer 1981 versus 2.6 to 1.5 percent for con

trols (Table 19). Leaf N levels of cuttings at insertion were consid

erably higher during the summer runs than during the spring. The 

level of N was 2.50 and 1.65 percent for the summer and spring, 

respectively. 



Table 19. Leaf element concentrations at insertion and lining-out (twelve weeks) for rooted jojoba 
cuttings propagated in media amended with different fertilizer treatments (Experiment II). 

Leaf Element Concentration 
Fertilizer Percent Dr~ Weight Basis Parts Eer Million 

Repetition Treatment N P K Ca Mg S Na Mn Fe Cu Zn B Al Ba 

Spring 0+ 1.7 .10 0.95 1.40 1.00 .08 93 100 20 12 97 175 16 
1980 1 1.2 .05 0.82 1.90 0.75 .25 63 56 25 111 71 90 39 
(II-A) 2 1.7 .46 1.16 2.49 0.93 .23 105 72 41 230 85 120 59 

3 1.6 .35 1.16 2.09 0.91 .28 96 59 30 195 76 107 58 
4 1.8 .35 1.34 2.04 0.92 .29. 123 94 33 292 83 127 48 
5 1.5 .16 1.26 2.06 0.92 .29 90 84 33 202 78 125 52 
6 1.5 .09 1.04 2.23 0.81 .25 64 57 34 182 77 118 55 
7 1.6 .09 0.96 2.40 0.90 .22 92 86 28 196 80 126 50 
8 1.5 .12 1.04 2.37 0.86 .30 73 94 34 169 78 146 52 
9 1.4 .09 0.94 1. 94 0.80 .29 77 137 24 163 80 109 44 

10 1.9 .07 1.06 1.90 0.69 .26 72 147 26 220 74 83 40 
11 1.5 .08 0.92 2.28 0.91 .24 70 102 22 166 80 118 44 
12 1.4 .10 0.56 1. 93 0.80 .25 68 96 22 144 72 94 40 -x 1.55 .17 1.02 2.14 0.85 .26 83 90 29 189 78 113 48 

Spring 0 1.61 .07 1.00 1.01 0.86 .19 .02 53 63 3 5 71 58 9 
1981 1 1.36 .05 1.00 2.40 0.77 .21 .14 29 74 12 114 56 91 46 
(II-B) 2 1.82 .60 1.40 2.74 0.93 .35 .17 70 103 15 190 69 91 72 

3 1. 64 .32 1.28 2.67 0.88 .29 .19 64 99 17 151 69 113 70 
4 2.03 .42 1.68 2.45 0.91 .46 .21 74 123 17 275 68 104 58 
5 1.92 .23 1.44 2.40 0.85 .40 .20 76 107 15 231 63 100 55 
6 1.67 .09 1.10 2.16 0.89 .23 .18 53 90 19 172 63 98 49 
7 1.64 .08 1.32 2.27 0.80 .35 .19 60 86 10 184 56 103 52 
8 1. 67 .08 1.06 2.59 0.81 .29 .18 62 100 16 165 64 119 54 
9 1.46 .08 1.12 2.49 0.80 .31 .17 57 94 16 170 62 103 52 

10 1. 67 .06 0.92 1.83 0.64 .16 .18 59 74 11 127 59 92 38 
11 1. 67 .08 1.02 2.58 0.81 .25 .18 64 96 13 150 61 114 48 

\.0 
I-' 



Table 19,. Continued. 

Leaf Element Concentration 
Fertilizer Percent Dr~ Weight Basis Parts Eer Million 

Repetition Treatment N P K Ca Mg S Na Mn Fe Cu Zn B Al Ba 

Spring 12 1. 67 .08 1.12 2.40 0.75 .25 .23 65 80 15 151 60 112 49 
1981 x 1. 69 .18 1.21 2.42 0.82 .30 .19 61 94 15 173 63 103 ·54 
(II-B) 

Summer 0 2.40 .14 1.48 0.96 0.94 .26 .05 70 107 14 17 73 115 11 
1980 1 1. 61 .06 0.95 2.94 0.56 .22 32 138 23 117 46 169 54 
(II-C) 2 2.04 .,1.9 1.20 4.32 0.62 .31 41 128 18 166 56 163 97 

3 2.04 .16 1.06 5.30 0.69 .30 37 142 19 157 59 185 114 
4 2.01 .14 1.21 3.96 0.61 .30 38 153 22 178 50 195 78 
5 1.83 .12 1.08 3.68 0~62 .25 45 125 20 178 50 160 72 
6 1. 76 .10 1.16 3.48 0.65 .28 34 132 23 154 50 181 75 
7 1.83 .10 i.16 4.14 0.74 .21 66 188 23 192 60 211 78 
8 1. 65 .08 1.11 3.56 0.66 .22 38 130 18 175 56 172 68 
9 1. 76 .08 1.12 3.24 0.68 .25 41 133 21 183 57 163 68 

10 1.83 .06 1.12 3.47 0.66 .2,4 48 159 22 197 52 194 66 
11 1.83 .06 1.16 3.52 0.62 .25 36 127 18 160 54 168 68 
12 1. 67 .06 1.00 3.74 0.62 .24 44 152 29 174 53 182 74 

x 1.82 .10 1.11 3.78 0.64 .26 42 142 21 169 54 179 76 

Summer 0 2.57 .14 1.44 0.91 0.79 .01 66 63 8 15 70 46 9 
1981 1 1.47 .06 1.15 2.54 0.69 .31 52 75 21 144 60 80 55 
(II-D) 2 2.19 .35 1. 70 2.97 0.72 .28 65 83 17 177 43 80 68 

3 1. 97 .24 1. 50 2.98 .0.77 .24 45 66 19 201 64 71 72 
4 2.26 .39 2.01 2.57 0.74 .42 70 106 20 246 54 85 64 
5 1. 97 .25 1. 55 2.31 0.73 .32 67 83 18 181 62 76 55 
6 1. 94 .16 1.56 2.65 0.78 .36 51 77 17 199 52 84 62 
7 1. 90 .16 1.52 2.44 0.72 .23 106 125 19 308 49 83 55 
8 1. 61 .11 1.27 2.60 0.69 .22 56 85 18 194 47 90 54 

\D 
N 

9 1.54 .09 1.27 2.78 0.78 .20 66 84 17 206 52 86 58 



Table 19, Continued. 

Leaf Element Concentration 
Fertilizer Percent Dry Weight Basis Parts Eer Million 

Repetition Treatment N P K Ca Mg S Na Mn Fe Cu Zn B 

Summer 10 1. 97 .09 1.43 2.02 0.61 .24 83 99 13 250 44 
1981 11 1.86 .06 1.51 2.67 0.65 .23 71 92 17 220 46 
(II-D) 12 1. 76 .06 1.31 2.37 0.68 .19 65 70 11 172 71 

x 1.87 .17 1.48 2.58 0.71 .27 66 87 17 208 54 

+ Leaf element concentration at insertion. 

Al 

88 
88 
67 
82 

Ba 

54 
60 
57 
60 

\D 
W 
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Leaf N levels for jojoba considered deficient by previous 

workers are in the range of 0.91 percent (Meneley, 1975) to 1.16 per

cent (Hawson, 1979), while N levels considered sufficient by others 

range from 1.6 percent (Reyes et al., 1977) to 3 percent (Adams et al., 

1976). Meneley (1975) found consistently highest seedling growth at 

tissue N concentrations of around 2.22 percent. The spring rooted 

cuttings were at the low end of the sufficient range at insertion (1.7 

percent N) and without fertilization during rooting, dropped into the 

near-deficient range (1.2 percent N). The summer-rooted cuttings came 

in at higher N levels (2.6 percent N) and controls fell into the low 

sufficient range (1.5 percent N). 

Comparison of control-treatment jojoba leaf N concentrations 

at lining-out from this study with mean foliar N contents of twelve 

woody evergreen ornamental species analyzed in an Ohio grower survey 

(Smith, 1978), show a mean value of 1.41 percent N for the jojoba con

trol cuttings versus 2.17 percent N for the ornamentals. The range of 

N percentage in the Ohio survey was 1.12 to 3.14 percent. The mean 

value for leaf N concentration of the high Osmocote treated cuttings 

(Treatment 4) was 2.03 percent. Johnson and Hamilton (1977) also found 

that leaf N concentration of juniper and privet fell during rooting for 

all treatments. This decline was less for those cuttings treated with 

Osmocote which had a significantly higher N content at lining-out than 

the control cuttings. In their work, N concentrations of privet control 

cuttings fell from 1.6 to 1 percent and N concentrations of juniper con

trol cuttings from 1.5 to 0.8 percent during the twelve week rooting 
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period. These reductions in privet and juniper leaf N concentrations 

are somewhat greater than those found with jojoba cuttings and are more 

likely to be deficient. 

Leaf concentrations of P dropped during the rooting period for 

controls and some treatments and rose in response.t~ other tr~atments 

(Table 19). During the spring of 1980, P concentrations ranged from 0.1 

to 0.05 percent for control cuttings, from 0.1 to 0.07 percent for treat-

ment 10 cuttings (high rate SeU), and from 0.1 to 0.46 percent for 

treatment 2 cuttings (Peter's 20-20-20, 300 ppm N). A similar response 

was found during the spring and summer of 1981. The seu treatments, 

supplying no P, resulted in leaf P concentrations similar to the P con-

tent of controls. The cuttings treated with 20-5-5 IBDU formulations 

did not have higher leaf P concentrations than the Osmocote treatments, 

-3 e.g., treatment 8 (IBDU 20-5-5, 2.7 kg m ) had a leaf P concentration 

of 0.08 percent in spring 1981 as compared to 0.23 percent for treat-

-3 ment 5 cuttings (Osmocote 19-6-12, 3.0 kg m ). Although treatment 5 

does deliver about 23 percent more P, this does not account for the 

difference of almost 300 percent in leaf P concentrations. A similar 

situation occurred during the summer of 1981 \vith treatment 8 cuttings 

containing 0.11 percent P and those from treatment 5, 0.25 percent. 

Within the three rates of Osmocote, very clear differences in leaf P 

concentrations can be seen, e.g., 0.35 percent (high rate), 0.16 percent 

(medium rate) and 0.09 percent (low rate) for spring 1980. Similar re-

suIts were found during summer 1981 (Table 19). As with leaf N concen-

trations, initial P concentrations were higher in the summer (0.14 per-

cent) than in the spring (0.09 percent). 
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Leaf P levels in jojoba reported to be associ?ted with good 
, ' 

growth vary. Reyes et al. (1977) reported 0.19 percent P and Adams et 

al. (1976) reported 0.3 percent. Hawson (1979) stated that leaf P 

concentrations of 0.59 percent were associated with yellow leaves. 

Leaf P concentrations of broadleaf evergreen ornamentals in the Ohio 

survey (Smith, 1978) ranged from 0.12 to 0.42 percent, with a mean of 

0.26 percent. This compares with a value of 0.06 percent for non-

fertilized jojoba cuttings at lining-out. Leaf concentrations of P 

in privet cuttings after 12 weeks in the rooting bench were 0.085 per-

cent as compared to 0.15 percent for Osmocote-treated cuttings (Johnson 

and Hamilton, 1977). 

Leaf potassium concentrations dropped during the rooting period 

in cuttings from control and some fertilizer treatments and rose in 

others (Table 19). Reductions in leaf K concentrations of controls 

were of greater magnitude in summer than in spring, e.g., 0.98 to 0.91 

percent in spring (7 percent drop) versus 1.46 to 1.06 percent in 

summer (27 percent drop). Increased loss of nutrients from leaves 

under conditions of high temperature and prolonged misting, conditions 

encountered more in summer than in spring, has been reported by Tukey 

(1970). Except for the summer of 1980, the Osmocote treatments cons is-

tently resulted in higher leaf K concentrations than did the other form-

ulations. During spring 1981, the mean leaf K concentrations for the 

three controlled-release formulations were: 1.41 percent for Osmocote, 

1.17 percent for IBDU and 1.02 percent for seu. The Peter's 20-20-20 

treatments (treatments 2 and 3) were also quite effective in increasing 

leaf K concentrations during rooting. 
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Reyes et al. (1977) found leaf K concentrations of healthy 

jojoba seedlings to be 2.87 percent. This level is considerably higher 

than the high~st leaf K concentration found for any treatment during 

any repetition in this study. The highest leaf K concentration found 

during Experiment II was 2.01 percent for treatment 4 (high level of 

Osmocote) during summer 1981 (Table 19). Leaf K concentrations of 

broadleaf evergreens analyzed by Smith (1978) ranged from 0.58 to 2.49 

percent with a mean of 1.16 percent, while those of unfertilized jojoba 

cuttings at lining-out averaged 0.99 percent K. Johnson and Hamilton 

(1977) found leaf K concentrations of non-fertilized privet cuttings at 

lining-out to be only 0.42 percent as compared to 0.62 percent for 

Osmocote-treated cuttings. Both of these levels are substantially 

lower than those found in jojoba control cuttings at lining-out. 

Leaf calcium concentrations increased in all treatments during 

all runs (Table 19). During rooting, the mean Ca concentration for all 

treatment groups rose from an initial level of 1.07 percent to 2.73 

percent at lining-out. The high level of bicarbonate (156 ppm) in the 

misting water, along with the relatively high calcium level (39 ppm), 

is the likely source of the increase in leaf Ca concentrations during 

rooting (see Appendix A). Most of the increase in leaf Ca results from 

deposition during misting, In the poor rooting run of summer 1980, the 

mean Ca concentration in or on leaves was considerably higher than that 

of the other three repetitions and averaged 3.78 percent versus 2.38 

percent for the others. These high Ca concentrations during summer 1980 

may reflect mist application problems that could account for poor root

ing performance during that run. Exceptionally profuse deposition of 
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calcium carbonates on leaf surfaces of the cuttings may have clogged 

stomates to the extent that photosynthesis and respiration were inhib-

ited once rooting had taken place. This would cause a reduction in 

growth. The leaf Ca concentrations found in these runs were not very 

different from those found for healthy seedlings by Reyes et al. 

(1977), which averaged 3.0 percent Ca. Calcium concentrations of 

broadleaf evergreens analyzed by Smith (1978) ranged from 0.48 to 4.12 

percent. 

Leaf concentrations of magnesium at lining-out did not differ 

greatly from initial levels and showed only moderate reductions for 

most treatment groups (Table 19). The greatest reduction in leaf Mg 

concentrations occurred during summer 1980. Average leaf Mg concen-

trations for-all treatments ranged from 0.64 (summer 1980) to 0.85 per-

cent (spring 1980) and are rather low as compared with leaf Mg 

concentrations of 2.0 percent found in healthy jojoba seedlings by 

Reyes et al. (1977). In contrast, leaf Mg concentrations of broadleaf 

evergreens analyzed in Ohio (Smith, 1978) ranged from 0.1 to 0.48 per-

cent with a mean value of 0.27 percent. 

Of the eight micronutrientsl determined, four showed only 

moderate change in leaf tissue contents during rooting: Mn, Fe, Cu, 

and AI, and four changed to a greater degree: Zn, B, Na, and Ba (Table 

19). Manganese dropped during rooting from 70 to 40 ppm for controls 

and from 70 to 63 averaged over all treatments. Leaf Mn concentrations 

reported by Reyes et al. (1977) were 150 ppm for jojoba seedlings. 

1. Na, Al and Ba are not classified as nutrients, but will be 
referred to as such for convenience. 
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Smith (1978) found Mn concentrations of broadleaf evergreen leaves to 

range from 16 to 587 ppm, with a mean of 182 ppm. Iron rose during 

rooting from 83 to 86 ppm for controls and from 83 to 103 ppm for all 

treatments. Jojoba seedlings analyzed by Reyes et al. (1977) contained 

about 70 ppm Fe. A range of 32 to 1053 ppm Fe, with a mean of 261 ppm, 

was found in the Ohio survey of broadleaf evergreens (Smith, 1978). 

Copper levels rose during rooting from 11 to 20 ppm for controls and 

from 11 to 21 ppm for all treatment~. Copper concentrations of jojoba 

seedlings analyzed by Reyes et al. (1977) were only about 6 ppm. The 

Cu in broadleaf evergreens analyzed by Smith (1978) ranged from 8 to 

38 ppm with a mean of.17 ppm. Leaf aluminum contents rose from 99 to 

108 ppm for controls and from 99 to 119 ppm Al for all treatments. 

The range of Al in Ohio (Smith, 1978) was 73 to 1020 ppm and the aver

age 386 ppm AI. 

Zinc levels showed more substantial change during rooting than 

any other of the micronutrients. Zinc contents for controls rose from 

12 to 122 ppm and from 12 to 185 ppm for all treatments. Zinc concen

trations at lining-out were higher than those found in jojoba seedlings 

by Reyes et al. (1977), which contained about 90 ppm Zn. Zinc concen

trations at lining-out were also higher than those found in the Ohio 

nursery survey (Smith, 1978), which ranged from 28 to 89 ppm Zn. Boehle 

and Lindsay (1969) give the following ranges for deficient, low, suffi

cient and high leaf concentrations of Zn in Citrus: 0 to 15 ppm, 16 to 

25 ppm, 26 to 80 ppm and 81 to 200 ppm Zn. The most likely source of 

Zn taken up during rooting is the galvanized rooting flats used. The 
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higher N treatments (treatments 4, 7 and 10) consistently resulted in 

the highest leaf levels of Zn. 

Boron concentrations in leaves did not change greatly during 

rooting. For control cuttings B concentrations dropped from 78 to 58 

ppm and from 78 to 62 ppm for all treatments. Reyes et al. (1977) 

found leaf B concentrations of about 115 ppm in jojoba seedlings. Leaf 

sodium concentrations rose during rooting from 0.04 to 0.23 percent 

for controls and from 0.04 to 0.25 percent for all treatments. The 

most likely source of the increased Na is the misting water (Appendix 

A). Reyes et al. (1977) found leaf Na concentrations of jojoba seed-

lings to be around 0.8 percent. Leaf barium concentrations rose during 

rooting from 11 to 49 ppm for controls and from 11 to 60 ppm for all 

treatments. 

Nutrient Concentrations of Unrooted 
Cuttings at Lining-Out 

Nitrogen concentrations in leaves of unrooted cuttings dropped 

to a greater degree during summer than during spring, e.g., 1.66 (in-

itial) to 1.2 percent (mean of all treatments) in spring versus 2.49 

to 1.33 percent in summer (Table 20). Similar results were found for 

rooted cuttings. Since the unrooted cuttings showed little or no 

growth during the time under mist, it is likely that these reductions 

represent losses due to leaching and support Tukey's (1970) assertion 

that greater leaching of nutrients takes place under conditions charac-

teristic of summer. Considering all four runs together, control 

cuttings that failed to root contained less N (percent dry matter 

basis) than did rooted control cuttings (1.19 versus 1.41 percent). 



Table 20. Leaf eleffient concentrations at insertion and lining-out (twelve weeks) for unrooted 
jojoba cuttings propagated in media amended with different fertilizer treatments 
(Experiment II). 

Leaf Element Concentration 
Fertilizer Percent Dr~ Height Basis Parts Eer Million 

Repetition Treatment N P K Ca Mg S Na Mn Fe Cu Zn B Al Ba 

Spring 0+ 1.7 .10 0.95 1.40 1.00 .08 93 100 20 12 97 175 16 
1980 1 1.0 .01 0.66 1.89 0.82 .16 61 66 23 48 76 67 28 
(II-A) 2 1.2 .04 0.56 1.77 0.63 .19 59 76 25 54 62 79 30 

3 1.1 .04 0.72 1. 97 0.77 .18 69 49 28 51 72 85 31 
4 1.2 .04 0.70 1. 96 0.70 .22 69 55 30 60 78 111 32 
5 1.1 .03 0.62 2.12 0.72 .18 58 46 26 61 68 78 33 
6 1.1 .02 0.56 2.24 0.77 .18 66 111 26 65 77 96 36 
7 1.1 .04 0.64 2.08 0.72 ;18 69 90 26 64 78 102 34 
8 1.2 .10 0.80 1.91 0.67 .24 60 70 24 62 66 81 31 
9 1.1 .09 0.76 1. 70 0.68 .24 58 127 20 46 72 92 28 

10 1.2 .09 0.68 1.99 0.70 .21 63 52 22 52 76 90 33 
11 1.1 .09 0.64 1.84 0.69 .23 66 126 21 52 78 103 31 
12 0.8 .08 0.44 1.94 0.64 .20 54 93 26 58 74 82 32 
x 1.1 .06 0.65 1.95 0.71 .20 63 80 25 43 73 89 32 

Spring a 1.61 .07 1.00 1.01 0.86 .19 .02 53 63 3 5 71 58 9 
1981 1 1.14 .06 0.52 2.31 0.68 .18 .12 46 105 10 50 59 143 37 
(II-B) 2 1.25 .08 0.64 2.01 0.58 .16 .16 33 95 16 33 54 142 38 

3 1.18 .03 0.64 2.06 0.72 .18 .15 54 61 11 34 63 75 34 
4 1. 25 .06 0.72 1. 97 0.72 .20 .15 52 83 12 49 61 l37 30 
5 1.21 .01 0.76 2.07 0.72 .20 .14 52 74 12 55 60 95 33 
6 1.28 .03 0.56 1.90 0.69 .17 .14 48 62 10 44 60 80 31 
7 1.32 .05 0.84 2.22 0.66 .26 .15 56 69 l3 57 56 71 36 
8 1.25 .07 0.66 1. 97 0.68 .25 .14 49 76 10 50 57 74 31 
9 1.21 .05 0.66 2.24 0.67 .18 .15 47 80 12 43 57 92 38 I-' 

0 
I-' 



Table 20, Continued. 

Leaf Element Concentration 
Fertilizer Percent Drl Weight Basis Parts Eer Million 

Repetition Treatment N P K Ca Mg S Na Mn Fe Cu Zn B Al Ba 

Spring 10 1.25 .07 0.64 2.10 0.71 .15 .16 51 69 11 42 53 78 31 
1981 11 1.21 .06 0.68 2.14 0.65 .16 .18 53 65 12 42 52 93 35 
(II-B) 12 1.21 .08 0.60 2.04 . 0.76 .19 .16 62 77 11 40 62 100 32 

x 1.23 .05 0.66 2.08 0.69 .19 .15 50 76 12 45 58 98 34 

Summer 0 2.40 .14 1.48 0.96 0.94 .26 .05 70 107 14 17 73 ll5 II 
1980 1 1.28 .07 0.60 2.40 0.49 . 16 .12 22 66 12 64 3l • 71 38 
(II-C) 2 1.60 .08 0.64 2.66 0.51 .21 .21 19 84 l3 64 38 104 54 

3 1.50 .07 0.68 3.02 0.60 .22 .22 33 121 17 99 51 l37 51 
4 1.39 .07 0.66 2.72 0.54 .21 .12 16 91 14 68 32 96 41 
5 1.32 .09 0.64 2.70 0.58 .19' .12 22 78 15 71 35 90 37 
6 1.32 .07 0.66 2.55 0.42 .15 .11 10 59 II 58 26 63 43 
7 1.46 .06 0.64 2.86 0.55 .l3 .l3 27 98 15 69 36 ll5 41 
8 1.32 .07 0.56 2.59 0.57 .14 .ll 20 96 14 69 39 105 34 
9 1.35 .06 0.64 2.55 0.45 .12 'll 14 67 12 61 25 48 40 

10 1.39 .08 0.64 2.83 0.51 .16 .10 17 89 17 83 34 88 39 
11 1.32 .06 0.60 2.87 0.54 .19 .11 24 89 15 81 37 85 40 
12 1.25 .06 0.58 2.97 0.59 .20 .11 28 100 16 65 42 ll8 44 

x 1.38 .07 0.63 2.73 0.53 .17 .l3 21 87 14 71 36 93 42 

Summer 0 2.57 .14 1.44 0.91 0.79 .01 66 63 8 15 70 46 9 
.1981 1 1.33 .06 0.68 1.82 0.49 .20 36 68 12 34 44 69 33 

(II-D) 2 1.40 .13 0.87 1.90 0.52 .16 36 60 II 52 32 55 35 
3 1.18 
4 1.40 .10 0.66 1.88 0.52 .18 36 73 14 55 56 80 32 
5 1.15 .06 0.60 1.87 0.43 .14 25 66 II 41 40 77 30 
6 1.25 .06 0.63 1. 99 0.48 .14 35 63 l3 48 l,O 73 31 I-' 

0 
N 



Table 20, Continued. 

Leaf Element Concentration 
Fertilizer Percent Dry Weight Basis 

Repetition Treatment N P K Ca Mg S Na Mn Fe 

Summer 7 1.33 .07 0.71 1.87 0.44 .14 34 64 
1981 8 1.25 .06 0.62 1.72 0.48 .10 30 56 
(II-D) 9 1.18 .06 0.60 1.87 0.47 .16 38 90 

10 1.29 .06 0.55 1.80 0.49 .l3 58 75 
11 1.40 .07 0.78 2.03 0.48 .15 34 53 
12 1.18 .05 0.62 1.46 0.41 .12 26 50 -

x 1.28 .07 0.67 1.84 0.47 .15 35 65 

+ Leaf element concentration at insertion. 

Parts Eer Million 
Cu Zn B 

l3 40 32 
10 40 44 
l3 37 36 
18 49 37 
14 46 44 
10 34 31 
l3 43 40 

Al 

75 
62 
87 
74 
63 
65 
71 

Ba 

30 
27 
39 
34 
34 
22 
32 

I-' 
o 
w 
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The control group cuttings that did not root were perhaps less favor-

ably positioned in relation to" mist distribution and dried out more 

frequently during the mist cycle than did those that rooted. Linskens 

(1952) noted that wetting, drying and re-wetting of leaves increased 

their susceptibility to leaching. Unrooted cuttings from both the high 

level of Peter's 20-20-20 (treatment 2) and Osmocote (treatment 4), had 

higher leaf N concentrations than did controls during both spring and 

summer. For all four runs pooled, the leaf N values were 1.19 percent 

for controls, 1.37 percent for treatment 2, and 1.32 percent for treat-

ment 4 (Table 18). While these differences are not great, they suggest 

a small amount of N uptake in the absence of roots. Leaf phosphorus 

concentrations of unrooted cuttings for the mean of all treatments were 

close in value to those for rooted controls (0.06 versus 0.055 percent) 

(Table 20). Phosphorus concentrations in leaves of unrcoted cuttings 

treated with high rates of either Peter's or Osmocote were slightly 

higher than those of controls. Wott and Tukey (1979) found that chry-

32 santhemum cuttings propagated under P-labeled nutrient mist took up a 

32 small amount of P (about six percent) through their cut basal ends 

prior to rooting. 

Leaf potassium concentrations of unrooted cuttings dropped less 

during the spring rooting period than during summer (Table 20). During 

the spring runs, leaf K contents dropped from 0.98 to 0.66 percent and 

during the summer from 1.46 to 0.65 percent. As with N, loss of leaf K 

from unrooted control cuttings was greater than that for rooted controls. 

Unlike Nand P, there was 'little difference in leaf K concentration be-

tween unrooted controls and unrooted cuttings that had been fertilized. 
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Of the other elements, the following showed a general decrease 

for all treatments during all runs: Mg, S, Mn (decrease greater in 

summer) and B (Table 20). Concentrations of Fe, Cu and Al in leaves of 

unrooted cuttings remained steady during mist propagation while leaf 

concentrations of Ca, Zn, Na, and Ba rose (Table 20). 

Nutrient Contents of Roots at 
Lining-Out 

The mean N concentration of roots was little different in spring 

than in summer (1.46 versus 1.5 percent), but it was greater in 1980 

(1.65 percent) than in 1981 (1.31 percent) (Table 21). In general, 

roots of control group cutt~ngs had lower N concentrati6ns than did 

those of cuttings rooted in the presence of higher N levels, e.g., 1.32 

percent for controls (overall mean) versus 1.58 and 1.68 percent for 

treatment 2 and 4, respectively. The overall mean root N concentration 

of 1.48 percent compares with a root N concentration of 1.0 percent for 

jojoba seedlings analyzed by Reyes et al. (1977). 

Root P concentrations were somewhat higher in spring than in 

summer, 0.15 compared with 0.1 percent (Table 21) and as with N, the 

high rates of Peter's 20-20-20 and Osmocote both resulted in root P con-

cent rations greater than that of controls and above the overall mean. 

Reyes et al. (1977) found root P concentrations of healthy jojoba seed-

lings to be 0.21 percent. The mean root P concentration for control 

cuttings during Experiment II was 0.07 percent and that for treatment 2 

cuttings (high rate of Peter's) was 0.25 percent P. The high rates of 

both SCU and IBDU resulted in root P concentrations close to the overall 

mean (0.12 percent) (Table 21). 



Table 21. Root element concentrations at lining-out (twelve weeks from insertion) for jojoba cuttings 
propagated in media amended with different fertilizer. treatments (Experiment II). 

Root Element Concentration 
Fertilizer Percent Dr~ Weight Basis Parts Eer Million 

Repetition Treatment N P K Ca Mg S Na Mn Fe Cu Zn B Al Ba 

Spring r 1.50 .04 0.96 2.38 0.24 .20 44 414 50 660 53 977 216 
1980 2 1.50 .29 1.40 1.23 0.19 .22 62 640 32 600 46 1293 182 
(II-A) 3 1.80 .25 1.08 1. 70 0.21 .20 68 552 33 500 45 1198 250 

4 1.80 .22 1.16 1.37 0.19 .23 65 822 41 1000 42 2527 183 
5 1.60 .15 0.90 2.23 0.23 .22 64 633 38 780 43 1509 225 
6 1.60 .12 0.76 1.92 0.23 .20 60 744 38 570 39 1674 223 
7 1. 70 .12 0.96 2.74 0.28 .22 81 928 42 675 44 2490 212 
8 1. 70 .15 0.92 2.15 0.24 .25 66 651 36 495 47 1446 224 
9 1. 70 .1L; 0.86 2.03 0.26 .21 52 510 34 550 50 1740 180 

10 1.80 .15 0.72 1.20 0.23 .22 52 1132 39 939 48 3098 161 
11 1.80 .13 0.62 1.47 0.22 .22 51 836 28 912 54 2091 227 
12 1.40 .14 0.62 1.42 0.24 .16 54 806 35 906 48 2462 181 

x 1.66 .16 0.91 1.82 0.23 .21 60 722 37 716 47 1875 205 

Spring 1 0.93 .12 0.48 3.12 0.52 .15 .14 14 1354 12 1290 32 300 
1981 2 1.46 .28 1.56 1.66 0.22 .41 .24 38 762 14 546 26 1260 388 
(II-B) 3 1.64 .20 1.20 2.72 0.32 .27 .24 44 674 18 474 36 1070 440 

4 1.46 .14 1.44 2.04 0.24 .37 .24 30 828 14 1168 24 1786 374 
5 1.28 .02 0.88 2.56 0.32 .31 .24 38 964 14 1048 26 2276 392 
6 1.10 .06 0.52 2.70 0.34 .19 .16 30 924 14 732 20 2368 376 
7 1. 35 .10 1.05 3.97 0.47 .30 65 1052 22 965 35 1797 465 
8 0.85 .12 0.72 4.24 0.38 .23 .22 50 878 22 862 18 2020 406 
9 1.07 .16 0.64 2.48 0.38 .17 .20 98 1126 22 754 34 2148 496 

10 1.35 .14 0.56 1.34 0.28 .20 .22 54 1022 12 898 40 1892 240 
11 1.28 .14 0.56 1.64 0.26 .17 .20 52 878 10 992 30 1718 320 
12 1. 21 .14 0.52 1.42 0.28 .19 .18 50 974 8 980 24 2126 298 I-' 

0 x 1. 25 .14 0.84 2.57 0.33 .22 .22 47 953 15 892 29 1860 375 (j\ 



Table 21, Continued. 

Root Element Concentration 
Fertilizer Percent Dry Weight Basis Parts Eer Million 

Repetition Treatment N P K Ca Mg S Na Mn Fe Cu Zn B Al Ba 

Summer 1 1.65 .06 0.80 2.34 0.34 .15 42 1193 24 422 52 1073 469 
1980 2 1.83 .24 0.88 1.37 0.42 .28 59 1926 34 474 37 1666 302 
(II-C) 3 1. 79 .18 0.73 2.82 0.44 .23 52 1660 31 440 50 1573 520 

4 1.97 .14 1.45 1. 94 0.33 .18 43 1046 38 478 52 1040 397 
5 1.65 .11 0.79 2.81 0.49 .17 45 1700 26 409 28 1500 666 
6 1.61 .09 0.58 3.98 0.57 .17 48 1920 36 595 33 1653 960 
7 1.40 .07 0.73 5.71 0.69 .16 112 2206 33 434 26 1753 1333 
8 1.47 .06 0.56 4.32 0.60 .18 56 2146 45 400 32 1766 1000 
9 1.54 .06 0.52 4.69 0.58 .18 56 1766 45 454 30 1553 1153 

10 1.54 .05 0.50 2.66 0.52 .15 54 2086 41 567 34 1740 561 
11 1.51 .07 0.61 2.30 0.44 .16 92 713 48 2013 489 
12 1. 76 .06 0.72 1. 76 0.32 .17 40 1093 42 524 29 1100 416 

x 1.64 .10 0.74 3.06 0.48 .18 58 1704 36 493 38 1536 689 

Summer 1 1.18 .06 0.44 1.29 0.24 .11 49 677 15 932 21 782 277 
1981 2 1.51 .17 0.61 1.05 0.21 .12 43 809 21 743 27 903 264 
(II-D) 3 1.47 

4 1.49 .07 0.35 0.49 0.10 .05 15 391 5 371 21 400 100 
5 1.29 .12 0.67 0.99 0.20 .12 46 753 11 914 20 773 182 
6 1.47 .11 0.70 1. 70 0.24 .14 60 561 20 861 24 585 235 
7 1.47 .11 1.14 1. 76 0.28 .34 77 977 18 1750 26 893 341 
8 1. 33 .08 0.72 2.15 0.27 .09 57 690 21 765 29 682 341 
9 1.22 0.52 2.02 0.55 .20 97 2290 22 1070 16 2180 433 

10 1.40 .06 0.55 0.99 0.22 .17 48 930 13 1250 20 998 270 
11 1.29 .06 0.47 1.90 0.27 .15 59 829 17 2410 27 857 280 
12 1.22 .04 0.44 0.95 0.20 .16 42 642 10 1290 16 7114 154 

x 1.36 .09 0.60 1.39 0.25 .15 54 868 16 1123 22 891 262 i-' 
0 
-..J 
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Root K concentrations were also somewhat higher in spring than 

in summer (0.88 versus 0.67 percent) (Table 21). Root K concentrations 

of cuttings from treatments 2, 4 and 7 were substantially higher than 

those of controls in spring, but differences were less pronounced in 

summer. As expected, the SCU treatments (10, 11 and 12) resulted in 

cuttings that differed little from controls in root K concentration and 

in some cases resulted in cuttings with lower root K concentrations 

than those of controls, e.g., during spring and summer 1980 (Table 21). 

Root K concentrations for almost all treatment groups during all runs, 

were greater than the root K concentration of 0.4 percent reported for 

jojoba seedlings by Reyes et al. (1977). 

Root Ca concentrations were highest (3.06 percent) during summer 

1980 and lowest during summer 1981 (1.39 percent) (Table 21). Calcium 

concentrations of control cutting roots were close to the overall mean 

(2.28 percent), while Ca concentrations in roots of IBDU-treated cut

tings (treatment 7) was highest of all treatment groups (3.55 percent). 

Reyes et al. (1977) found root Ca concentrations of 0.75 percent for 

jojoba seedlings. This value is considerably lower than the mean root 

Ca concentration of 2.28 percent found during Experiment II. 

Root Mg concentrations did not differ markedly between seasons 

or among treatments. The overall mean value of 0.32 percent for root 

Mg concentration was over four times that of 0.07 percent Mg found in 

roots of jojoba seedlings by Reyes et al. (1977). 

Root S concentrations were only determined during the spring of 

1981 (Table 21). Root S concentrations at that time were above those 



of controls for cuttings in all fertilizer treatments, particularly 

treatments 2 through 5. 

109 

Manganese concentrations in roots were similar between spring 

and summer (Table 21) and the overall mean Mn content of cutting roots 

(55 ppm) was very close to that found by Reyes et al. (1977) in the 

roots of seedlings (52 ppm Mn). Manganese concentrations in roots of 

cuttings treated with the high IBDU treatment were consistently above 

the mean (Table 21). Iron concentrations of roots were somewhat higher 

in summer than in spring and overall, were slightly higher than levels 

found in seedling roots by Reyes et al. (1977), i.e., 1001 versus 782 

ppm Fe. Root eu concentrations were higher during 1980 than during 

1981 (37 versus 16 ppm), but were the same for the spring and summer 

runs (26 ppm Cu) (Table 21). Little difference was found in root eu 

concentrations among treatments, which overall were slightly higher 

than the 16 ppm eu found by Reyes et al. (1977) in roots of jojoba 

seedlings. 

Root Zn concentrations were highest during summer 1981 (1123 

ppm) and lowest during summer 1980 (493 ppm), but spring and summer 

runs both averaged about 800 ppm Zn in roots, which is very much great

er than the value of 20 ppm Zn found by Reyes et a1. (1977) in the 

roots of jojoba seedlings. 

Root concentrations of B ranged from 16 ppm (treatments 9 and 

12, summer 1981) to 54 ppm (treatment 11, spring 1980) (Table 21). 

Root B concentrations were greater during 1980 than during 1981 and 

did not differ greatly with treatment. The overall mean root B 
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content of 34 ppm was almost three times the concentration of 13 ppm B 

found in seedling roots by Reye.s et al. (1977). 

Sodium concentrations in cutting roots were relatively consis

tent among runs and between treatments, averaging 0.19 percent (Table 

21) as compared to tile Na '~oncelrcrat ion of 0.13 percent found in 

roots of jojoba seedlings by Reyes et al. (1977). 

Concentrations of Al in cutting roots were higher in spring 

than in summer (1868 ppm versus 1214 ppm) with an overall mean concen

tration of 1591 ppm Al. Treatments 7 (high rate of IBDU) and 10 (high 

rate SCU) both both resulted in substantially higher Al concentrations 

in roots than did controls (Table 21). 

Barium concentration of roots was highest during summer 1980 

(689 ppm) and was particularly high in the IBDU treatments (treatments 

7, 8 and 9) during that run (Table 21). The IBDU treatments also re

sulted in above average root concentrations of Ba during summer 1981. 

Leaf Element Concentrations and Growth 

Leaf N concentration (percent dry matter basis) was signifi

cantly related to fresh weight per shoot (FWPS) during spring 1980 (r 

= .67), spring 1981 (r = .63) and summer 1981 (r = .63) (Table 22). 

Percent N in leaves was not related to shoot dry weight during any run 

of experiment II. Node number per cutting (NODES) and leaf N percent 

were significantly related during spring 1980 (r .60), spring 1981 

(r = .67) and summer 1981 (r = .82) (Table 22). Fresh weight per root 

system (FWR) and leaf N concentration were significantly related during 

the spring runs only, which was also the case for d~y weight per root 



Table 22. Correlation matrix of leaf element concentrations and growth parameter3 for rooted 
jojoba cuttings in Experiment II. 
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-.04 
-.3f• 

-.33 

ea 

.05 
-.11 

.18 
-.08 

-.01 
-.35 
-.31 
-.41 

.10 

.10 

.01 

.04 

.14 
-.01 

.22 

.01 

.10 

.11 
-.16 
-.38 

.11 

.22 
-.06 
-.16 

.12 

.38 

.87" 

.51' 

-.39 
.13 

-.14 
-.05 

IIg 

.33 

.18 

.35 

.43 

-.06 
-.30 

.01 

.20 

.29 

.56' 
-.2~ 

.44 

.55* 

.19 

.84" 

.42 

.36 

.20 

.66*' 

.00 

.43 

.32 

.68" 
-.13 

.58' 

.79** 

.62' 

.56* 

-.08 
.18 
.17 
.02 

I.l'.lf Elf'ltIcnt Concentration 

.51* 

-.01 

.77* 

.42 

.50' 

.1,6 

.88" 

-.12 

Na fin Fe 

.47 

.40 

.24 

.71** 

.26 

.14 
-.03 

.64* 

.37 

.52' 

.54" 
• BO*" 

.24 

.58' 
-.30 

.61' 

.21 

.53' 
-.50' 

.38 

.16 

.41 
-.52* 

.09 

.43 

.44 

.47 

.40 

.52* 
-.02 
-.39 

.03 

.54' 

.41 
-.26 
-.07 

.00 

.02 
-.38 
-.03 

• 57' 
• 74" 

-.23 
· 05 

.73'* 

.51' 

.70" 

.12 

.64' 
· 51' 
• 71** 
.28 

.73" 

.45 

.87'* 

.38 

.58* 

.64' 

.21 
-.10 

-.20 
.08 
.22 

-.73" 

.20 

.56' 
-.32 

.13 

.44 

.10 
-.46 

.14 

.15 

.85*' 

.14 

.25 

.05 

.29 

.44 

.25 

.03 
• 34 
.40 
.23 

-. I 2 
.25 
· :'5' 
.25 

-.16 
· 76" 
· 25 
.02 

.11 

.26 

.24 
-.76" 

Cu 

.52' 

.39 
-.29 

.11 

• I 5 
.16 

-.09 
-.02 

.58' 

.49 
.20 
.19 

.56' 

.07 
-.08 

.17 

.59' 

.02 

.08 
-.10 

.62" 
-.07 

.10 
-.10 

.66** 
.37 

-.36 
.23 

-.15 
.60' 
.33 

-.211 

Zn 

.Bl** 

.70" 
-.13 

.23 

.42 

.19 
-.20 

.20 

.82*' 

.92'" 

.05 

.27 

.78" 

.54' 

.55' 

.22 

.79" 

. 56' 

.5R· 

.15 

.75** 

.43 

.67" 

.12 

.81" 

.85** 

.10 

.13 

.03 

.05 
-.13 
-.05* 

.46 

.)2 

.29 

.07 

.15 
-.03 
- .12 

.13 

.60' 

.63" 
-.32 
-.07 

.56' 

.16 

.69** 
-.01 

· 50' 
• I 7 
.46 
.13 

.52** 

.16 

.52" 

.02 

.56' 
• 57' 
• 75" 

-.09 

-.25 
· 51' 
.12 
.46 

Al 

.40 
-.09 
-.14 

.04 

.25 
-.15 
-.32 

.15 

.43 

.01 

.]3 

.02 

.32 
-.08 

.34 

.10 

.29 
-.07 

.2l. 
-.01 

.23 
-.OR 

• J.~ 

-.1l3 

.36 

.06 
; 33 

-.19 

-.06 
-.06 

• 12 
-.23 

Ba 

.37 
-.04 

.]3 

.32 

-.01 
-.46 
-.16 
-.08 

.36 

.35 

.06 

.41 

.51' 

.10 

.20 

.24 

.53' 

.17 
-.17 
- .13 

.62' 

.34 
- .12 
-.06 

.6[' 

.69' 

.87" 

.78'''' 

-.26 
.07 

-.10 
.05 

I-' 
I-' 
I-' 
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system (DWR) and roots as a percentage total dry weight (RPTDW) (Table 

22) • Shoot succulence and leaf N percent ~vere significantly related 

during all four runs with r = .73 during spring 1981 and r = .77 dur

ing summer 1981 (Table 22). Percent rooting and leaf N were not re

lated during any run. 

A significant, positive relationship between leaf N content 

and growth of jojoba seedlings is also found in the data of Meneley 

(1975). The repeated positive, significant relationships between leaf 

N concentrations and shoot growth parameters, coupled with the signif

ican·t treatment effects for node number (Table 12), shoot fresh weight 

(Table 13) and shoot succulence (Table 16) indicate the desirability 

of maintaining -sufficient leaf N le'.Tels during mist propagation of 

jojoba. The confinement of root growth - leaf N concentration rela

tionships to the spring runs may be related to the higher initial N 

concentration of the summer-rooted cuttings (Table 19). Based on this 

and other studies, maintenance of leaf N concentrations in the range 

of 1.7 to 2.0 percent during mist propagation would seem adequate. 

The relationships of leaf phosphorus percent to the growth 

parameters studied were not as consistent as were those of nitrogen 

(Table 22). The most consistent relationship was that of leaf P and 

shoot succulence, which was highly significant for three of the four 

runs, i.e., spring 1980 (r = .80), spring 1981 (r = .71) and summer 

1981 (r = .92) (Table 22). Leaf P concentrations were significantly 

correlated with node number during the spring and summer of 1981 and 

significantly correlated with root growth during spring 1980. Con

sidering the reports of other workers (Adams et al., 1976; Reyes et al. 



1977) in addition to the data presented here, leaf P contents in the 

range of 0.2 to 0.35 percent would seem sufficient during mist 

propagation. 
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The relationships between leaf K concentration and growth para

meters are similar to those found for nitrogen (Table 22). During 

both spring runs and during summer 1981, leaf K concentration was sig

nificantly correlated with shoot fresh weight, node number and shoot 

succulence (Table 22). Leaf K concentrations were significantly corre

lated with the following: root fresh weight during spring 1980 (r 

.69) and summer 1981 (r = .57), root dry weight during spring 1980 

(r = .68) and spring 1981 (r.= .53), and root as a percent total dry 

weight during both spring runs ~rable 22). Leaf K concentrations as 

high as those found by Reyes et al. (1977) in jojoba seedlings (2.57 

percent), would be difficult to maintain during mist propagation be

cause K is among the more easily leached nutrients (Evans, 1951; Good 

and Tukey, 1966). Maintenance of leaf K in the range of 1.4 to 2 per

cent seems attainable. 

Leaf concentrations of calcium were not correlated with any 

growth parameter except shoot succulence. These factors were signifi

cantly correlated during both summer runs, e.g., r = .87 during summer 

1980 (Table 22). 

Of the remaining elements determined, leaf contents of Mn, Zn, 

B, Na and Ba had consistent, significant correlations with growth 

(Table 22). Manganese was significantly correlated with node number 

during both spring runs, with root growth (fresh and dry weight) during 
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both spring runs and summer 1980 and with shoot succulence during both 

spring runs (Table 22). Leaf Mn concentrations were highly, negatively 

correlated with percent rooting (PROOT) during summer 1981 (r = -.73). 

L~af Zn concentration was highly and significantly correlated with 

shoot fresh weight, node number and shoot succulence during both 

spring repetitions and significantly correlated with both ·root fresh 

and dry weight during both spring repetitions and in summer 1981 

(Table 22). Leaf Zn concentration was highly correlated with root as 

a Fercentage total dry weight (RPTDW) during spring and summer 1981 

and negatively correlated with percent rooting during summer 1981. In 

addition, percent rooting was highly negatively correlated with leaf 

Fe concentrations during summer 1981 (r = -.76). Leaf B concentrations 

were significantly correlated with node number during both spring runs, 

with r = .60 in 1980 and r = .63 in 1981 (Table 22). Root fresh weight 

was positively correlated with leaf B during spring 1980 (r = .56) and 

summer 1980 (r = .69). Shoot succulence was significantly related to 

leaf B during all repetitions except that of summer 1981. Percent 

rooting was positively co~related with leaf B concentration during 

spring 1981. 

Leaf Ba concentrations were significantly correlated with shoot 

succulence during all four runs. Leaf Na concentrations were signifi

cantly correlated with node number during all runs except that of 

spring 1980 and significantly correlated with root fresh weight during 

spring and summer 1981 (Table 22). Root dry weight and root as a 

percentage total dry weight were negatively correlated with leaf Na 
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concentration during the poor-rooting run of summer 1980. The matrix 

showing the intercorrelations among leaf elements is located in Appen

dix D. 

Root Element Concentrations and Growth 

Overall, root element concentrations were not as well

correlated with growth parameters as were leaf element contents, and 

the correlations were not as consistent (Table 23). In total, there 

were 63 significant correlations between root element concentrations 

and growth parameters as compared with 120 for leaf element concentra

tions. Of the fourteen element concentrations determined for cutting 

root systems during experiment II, five were found to be significantly 

correlated with one or more growth parameter during one or more runs: 

N, P, K, Band Na. 

Root N concentrations were significantly correlated with node 

number during both summer runs, with r = .63 in 1980 and r = .69 in 

1981 (Table 23). Root N concentration during summer 1980 was highly, 

negatively correlated with root dry weight (r = -.70). Excessive N

release between the time of media preparation and cutting insertion 

(see Materials and Methods) is the most likely cause of this negative 

relationship. Root phosphorus concentrations were significantly corre

lated with shoot succulence during all runs except that of spring 1981 

with particularly strong correlations during spring 1980 (r = .85) and 

summer 1981 (r = .73) (Table 23). Potassium concentrations in roots 

were significantly correlated with the following: node number in 

spring 1981 (r = .57) and summer 1980 (r = .71), root as a percent 



Table 23. Correlation matr ix of root element concentrations and growth parameters for jojoba 
cuttings in Experiment II. 

l;ro wth Roo t Element Concent rat i on 

Parame t e r Ke pe t it ion N p K Ca Mg s Na Mn Fe Cu Zn B Al Ba 

'\~ PS Spriug 19!l0 .3!l . 47 • lY - . 32 -.4 7 . 45 . 33 . 34 - .1 7 . 31 -. 64* .28 -.14 
198 1 . 06 - . 33 . 1 7 - . 28 -.37 . 57* -.06 -. 24 - . 06 - . 24 .42 - .32 .09 - . 13 

Summe r 1930 -.16 .20 -. 39 .41 .4 8 . 37 -.08 - .11 -. 24 -. 09 -. 22 - .3 7 . 42 
1.')81 . 50 .13 -.19 - .51 - . 33 -. 36 - .43 - .18 - . 50 - . 60* -. 26 - .22 - . 54* 

IJWPS Spring 1930 .32 - . 09 -. 34 -. 07 . 03 .40 .14 . 58* - .05 . 39 - .42 .50* -. 19 
1931 - .22 - .37 - .32 -.3 8 -. 20 . 31 - .4 2 -.15 . 28 -.40 . 53* - .08 .3 7 -. 45 

S unune r 19 80 -.25 - . 1} -. 42 . 32 .38 . 03 - .29 -. 14 - .22 -. 04 -. 33 .19 . 37 
1981 . 16 -.22 - .27 - .41 - .2 7 -.33 -. 35 -. 18 -. 57 * -.42 - .41 - .21 -.51 

NOUES Sp r i n g 1980 . 2 7 .4 5 . 30 -.33 -.48 . 40 . 25 . 24 - .10 . 24 - . 6 7** . 24 -.29 
19!ll . 44 - . 14 . 57* -.22 - .60* .68** . 34 -. 20 -.51* - .08 . 06 - .3 7 .38 . 14 

Summe r 1980 .63* .26 . 71 ** - . 29 - .36 . 09 -. 31 - .29 - .16 .16 .36 -. 45 -.28 
1981 . 69** . 43 .00 - .52 - ( 48 -. 28 - .4 8 - .35 -. 39 -. 48 . 02 -. 39 - .59* 

F\~H Spring 1930 .10 . 73** .42 - . 39 - .. 54* . 17 .4 0 .18 -. 33 .25 - .58* .1 4 - . 1 7 
1981 . 11 . 03 • ] 1. -.26 ~.46 .37 . 20 - .23 - .2 3 -. 33 .20 - . 56* -. 18 -.22 

Summe r 19BO -. 59* - . 08 -. 56 >'< - . 68** . 82** .11 . 4 7 -. 11 - .32 - .25 - . 68 >~ * . 55~' .66** 
1981 . 2 3 .11 - . 32 -. 4 7 . 0 1 - . 11 -.1 5 . 21 - . 37 - . 37 -. 49 .20 -.28 

!JWR Spr-ing 1980 . 12 . 59* . 37 - . 25 - .37 .13 .48 .24 - . 14 .1 2 -.82 ~d< . 22 - . 22 
1981 .09 . 04 . 38 - .28 - . 41 . 44 .22 - .26 -. 17 - .32 . 28 - .54* -. 11 - . 20 

Summ£' r 1980 -. 70* >'< - . 33 -.57* . 69** . 82** -. 12 .44 -. 08 -. 27 - . 17 - . 85>~* .4 7 . 7 3i<'i< 

l 'J!l 1 - .1 3 -.07 - .31 - .45 -.13 -. 09 - .21 . 06 -. 59 * . 11 -. 48 .05 -.46 

RPTDW Spring 1980 .05 .7 3** . 5'•* -.2 9 -. 45 . 00 . 48 . 06 -. 18 - .02 - . 78** . 06 - . I 7 
1981 . ]') . 21 .51* -. 10 -.30 .26 . . 39 - .19 -.2 7 -.1 3 .0 1 - . 4 5 - .2 7 . 00 

Summer 1980 -. 66** - . 30 - . 48 .59* . 72** -.14 .57 * . 00 - .1 7 - .14 -. 77** .46 .61* 
1981 -. 25 - . 05 - .29 - .28 .07 . 1 5 .00 . 24 -. 34 .47 - . 36 . 25 -. 20 

ssucc Spring 1980 . 26 .85** .6 7** - . 43 - . 77** . 27 . 37 -. 08 -. 24 . 05 - .55* - .1 0 -.01 
1981 .48 . 0 7 . 82** . 1 7 -. 29 . 43 .62* -.14 -.55* .26 - .1 9 -. 39 - .48 .53* 

Summe r 19 80 .13 .59* . 05 . 18 . 22 - .60 . 38 . 05 -.04 - . 10 . 19 . 33 . 10 
1981 . 77 ** . 72** . 0 7 -. 42 -. 25 -. 20 -.32 -.08 - .06 -.54* .14 - .10 - . 29 

PI\OOT Spring 1980 . 12 -.10 -. 39 -.40 -. 44, . 03 - . 52* - . 04 -.18 .42 . 19 -. ()) . 13 
I 981 .O J .1 6 - . 08 -. 49 -.55 . 67** - . 59* -. 32 - .24 -.51 -.09 -.26 .05 ... 17 

Summe r 19!lO -. 34 - .1 8 -. 49 . 24 . 28 .05 . 01 - .34 - .44 - . 22 -. 42 .ot, .25 
I 'JBI - . 4 7 -. so - . 77 *'~ - . 19 .08 -. 60>~ -. 18 .08 -.23 -. 35 -.61* • I 5 - . 20 

- -- ---- ---- -------- ------ --- - - ---------

*Significant at .OS level. 
io'-Significant at . 01 level • 

....... 

....... 
0\ 



total dry weight during both spring runs and shoot succulence during 

both spring runs with r = .82 during spring 1981 (Table 23). 
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Root B concentrations were found to be negatively correlated 

with root growth parameters in all runs except that of summer 1981 

(Table 23). Boron in roots was negatively correlated with roots as a 

percent total dry weight (RPTDH) during both spring 1980 (r = -.78) and 

summer 1980 (r = -.77) (Table 23). This situation is unexpected in 

light of the positive correlations between leaf B concentration and 

root growth during some of the same runs, e.g., between leaf B and root 

fresh weight during both spring 1980 (r = .56) and summer 1980 (r = .69) 

(Table 22). Root and shoot B co~centrations during these runs \vere not 

radically different from each other, e.g., a mean leaf B concentration 

of 73 ppm (Table 19) versus a mean root B concentration of 47 ppm 

(Table 21) during spring 1980 and mean shoot and root B concentrations 

of 38 and 36 ppm respectively, during the summer of 1980. 

Sodium concentration in roots was positively correlated with 

shoot succulence during spring 1981 (r = .62) and summer 1980 (r = .60) 

and negatively correlated with percent rooting during both spring 1981 

(r = -.59) and summer 1981 (r = -.60) (Table 23). Other root element 

concentrations found to be negatively correlated with percent rooting 

during at least one run of experiment II were: root K concentration 

during summer 1981 (r = -.77), root B concentration during the same run 

(r = -.61) and root Mn concentration during spring 1980 (r = -.52) 

(Table 23). Sulfur concentration of roots during spring 1981, the only 

run for which S was determined, was highly, positively correlated with 
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percent rooting (r = .67). The matrix intercorrelating root element 

concentrations is located in Appendix E, and that correlating leaf 

element and root element concentrations in Appendix F. 

Photosynthesis, Respiration and Mineral 
Nutrition During Vegetative Propagation 

Changes in CO2 Exchange Properties 
with Fertilizer Treatment and Time 

There were no significant effects of fertilizer treatment on 

apparent photosynthesis (AP) during either Experiments III-A (Table 

24) or III-B (Table 25), but significant time from insertion effects 

on AP were found during both repetitions of Experiment III. During 

Experiment III-A, cuttings showed an initial, non-significant increase 

-2 -1 in AP from 3.65 to 4.77 mg CO
2 

dm hr between days 3 and 7, followed 

by a significant decrease to 3.22 mg CO
2 

dm-2 hr-1 on day 14 (Table 24). 

It is likely that th~ decrease between days 7 and 14 was contributed to 

by mist system problems on day 12 (Jan. 30, 1982, see Materials and 

Methods). A similar malfunction on day 26 may have contributed to the 

-2 -1 decrease in AP from 3.14 to 2.14 mg CO
2 

dm hr between days 21 and 

35. At day 55 AF of rooted cuttings showed a significant increase to 

5.02 mg CO
2 

dm-2 hr-l (Table 24). This was followed by a significant 

-2 -1 decrease in AP to 3.35 mg CO
2 

dm hr at day 77. The decrease in AP 

occurred after the potted liners had been moved outside where cooler 

night temperatures prevailed. The overall pattern of cutting AP was 

similar to that found by other workers for other species (Humphries and 

Thorne, 1964; Okoro and Grace, 1976; Machida et a1., 1977). The rates 



Table 24. Influence of Osmocote level and days from insertion on apparent photosynthesis of jojoba 
cuttings during Experiment III-A. 

Treatment 

T-l 

T-2 

T-3 

T-4 

Mean 

Osmocote 
(grams m-3) 

0 

1480 

2970 

5930 

3 7 

3.47 5.79 

4.16 3.31 

3.24 5.54 

3.73 4.43 

3.65BC 4. nCD 

ZOnly rooted cuttings were selected. 

-2 -1 Apparent Photosynthesis (mg C02 dm hr ) 
~ from InsertioJl _ ____ _ ________ , 

14 21 35 49 55z 77z Mean' 

2.70 3.25 1.68 1. 74 4.98 1. 99a 3.20a 

4.37 2,81 2.84 1.30 4.66 2.98a 3.26a 

2.78 3.90 2.41 0.99 5.62 5.23a 3.6la 

3.02 2.61 1.64 1.17 4.73 4.l6a 3.l9a 

3.22B 3.l4B 2.l4AB 1.30A 5.02D 3.35B 

+Within columns, means associated with the same lower case letter are not significantly di.fferent at 
the 5% level according to the S-N-K multiple range test. 

#Within rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

'" ...... ...... 
\D 
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of AP recorded in Experiment III-A are in the moderate to low range for 

rooted jojoba cuttings (Glat, 1979; Rasoolzadegan, 1980). 

A similar response in AP over time, was found between Experi-

ment III-A and III-B \Table 25). The sharp decrease in AP from 4.7 to 

-? -1 
3.32 mg CO

2 
dm - hr between days 3 and 7 corresponds to mist system 

problems on January 30, 1982 (day 4 of III-B) and that between days 14 

and 20 to malfunctions on day 18. A steady, significant increase in AP 

can be seen from day 34 onward (Table 25). 

Significant overall effects of fertilizer treatment on dark 

respiration (Rd) were found during Experiment III-A (Table 26). Sig-

nificant differences between fertilizer treatments were encountered on 

days 7 and 77 (Table 26). 
• -3 

Overall, treatment 3 (Osmocote, 2.97 kg m ) 

had significantly higher respiratory rates than treatments 2 or 4, but 

was not significantly different from the non-fertilized controls (treat-

ment 1). On day 7, respiration of treatment 3 cuttings was 3.23 mg CO
2 

dm- 2 hr-l d "f' 1 h 11 h an was slgnl lcant y greater t an a ot er treatments. 

This difference also occurred on day 77 (Table 26). Significant ferti-

lizer effects were found during Experiment III-B, but significant 

fertilizer by time effects were not (Table 27). 

Dark respiration (Rd) of cuttings differed significantly over 

time in both E:<periments III-A (Table 26) and III-B (Table 27). Run 

III-A showed a steady decrease in Rd from 3.35 mg CO
2 

dm-2 hr-l at 

-2 -1 
day 3 to 1.23 mg CO

2 
dm hr at day 77 (Table 26). Run III-B showed 

a similar trend between days 1 and 48 and th'en increased significantly 

-2 -1 to 1.59 mg CO
2 

dm hr on day 52 (lining-out of rooted cuttings). 

Between weeks 1 and 4, rates of Rd found during Experiment III were in 



Table 25. Influence of Osmocote level and days from insertion on apparent photosynthesis of jojoba 
cuttings during Experiment III-B. 

-2 -1 AEEarent Photosynthesis (mg C02 dm hr 2 
Osmocote Days from Insertion 

Treatment (grams m-3) 1 3 7 14 20 34 48 52Z 77 z Mean+ 

T-l 0 3.09 3.71 2.63 3.58 2.05 1. 65 2.94 2.76 3.32a 2.86a 

T-2 1480 3.43 4.76 2.59 4.10 1.00 1.17 2.17 3.00 3.86a 2.90a 

T-3 2970 3.02 4.73 4.72 2.64 1.96 1.36 3.16 2.65 4.00a 3.13a 

T-4 5930 3.73 5.59 3.34 3.78 2.49 1. 96 2.41 3.19 4.70a 3.43a 

Mean II 3.32BC 4.7CD 3.32BC 3.47BC 1. 87·A 1.5311 2.67B 2.90BC 3.93C 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different 
at the 5% level according to the S-N-K multiple range test. 

IIWithin rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

I-' 
N 
I-' 



Table 26. Influence of Osmocote level and days from insertion on dark respiration of jojoba 
cuttings during Experiment III-A. 

-2 -1 
Dark Respiration (mg C02 dm hr 2 

Osmocote Da~s from Insertion 
Treatment (grams m-3) 3 7 14 21 35 49 552 77 z Mean 

T-l 0 3.58 2.69 b 2.20 1.86 1.24 1.17 1.21 0.99a 1.87ab 

T-2 1430 2.91 2.23ab 2.43 1.51 1.56 1.16 0.99 1.l7a 1.75a 

T-3 2970 3.42 3.23 c 2.24 1.89 1.52 1.06 1.06 1.92 b 2.04 b 

T-4 5930 3.47 1.87a 2.29 1.68 1.36 1.22 1.26 1.l9a 1. 79a 

Nean 
It 

3.35D 2.50C 2.29C 1. 73B 1.42A 1.15A 1.14A 1.23A 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different 
at the 5% level according to the S-N-K multiple range test. 

ItWithin rows, means associated with the same upper case letter are not significantly different at the 
5% level according to the S-N-K multiple range test. 

...... 
N 
N 



Table 27. Influence of Osmocote level and days from insertion on dark respirat,ion of jojoba 
cuttings during Experiment III-B. 

-2 -1 
Dark ResEiration (mg C02 dm hr 2 

Osmocote Days from Insertion 
Treatment (grams m-3) 1 3 7 14 20 34 48 52"'- ----i7 z--- Mean+ 

T-l 0 2.89 2.46 2.71 1.84 1.63 1.43 0.96 1. 75 1.05 1. 86 bc 

T-2 1480 2.49 2.67 2.23 1.91 1.22 0.93 0.88 1. 58 1.10 1. 67a 

T-3 2970 2.76 2.56 2.55 1.72 '1.62 1.04 0.99 1.42 0.92 1. 73ab 

T-4 5930 2.76 2.80 2.59 1.93 1.63 1.36 0.99 1.62 1.28 1. 90 

Mean /I 2.72D 2.62D 2.52D 1.84C 1.53B 1.l9A 0.96A 1.59B 1.07A 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

{'Within rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

c 

...... 
N 
W 
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-2 -1 the nonnal range of 1.5 to 2.5 mg CO
2 

dm hr as reported by Glat 

(1979) and Rasoolzadegan (1980). At the beginning of the rooting 

period rates of Rd were above 2.5 mg CO
2 

and toward the end they were 

-2 -1 
below 1.5 mg CO

2 
dm hr • The overall pattern of Rd during mist 

propagation, which showed a steady decline until rooting, was also 

found by Humphries and Thorne (1964) with bean cuttings. 

Carbon gain (AP/Rd) was not influenced by fertilizer treatment 

during either lII-A (Table 28) or III-B (Table 29). Carbon gain was 

significantly affected by time. During III-A there were no significant 

differences in carbon gain between days 3 and 49 (Table 28), but it is 

noteworthy that carbon gain increased from 1.09 to 1.99 between days 3 

and 7 and then dropped to 1.4 on day 14. Misting problems occurred on 

day 12 of III-A. Carbon gain again increased to 1.82 on day 21 and 

then fell to 1.42 by day 35. Mist problems had occurred during this 

interval (on day 26). The significant increases in carbon gain on 

days 55 and 77 indicate that AP increases faster than does Rd in well-

rooted cuttings. The carbon gain data for III-B (Table 29) over time 

present a picture similar to that of III-A. The fluctuations in carbon 

gain found between days 1 and 34 can be traced to stress imposed by 

mist application problems on days 4 and 18 of III-B, but the overall 

picture is one of carbon gain holding steady until rooting was well 

under way, i.e., as of day 48. The significant reduction in carbon 

gain on day 52 (Table 29) is related to the significant increase in Rd 

on that day (Table 27). Both III-A and III-B had similar values for 

carbon gain as of day 77. Okoro and Grace (1976) also found that AP 



Table 28. Influence of Osmocote level and days from insertion on carbon gain of jojoba cuttings 
during Experiment III-A. 

Carbon Gain {AP/Rd) 
Osmocote Da~s from Insertion 

Treatment (grams m-3) 3 7 14 21 35 49 55z 77z ·-MeanT 

T-l 0 0.95 2.16 1.25 1.71 1.28 1.52 4.14 1. 99 1.88a 

T-2 1480 1.42 1.52 1.81 1.87 1. 74 1.12 4.48 3.08 2.05a 

T-3 2970 0.90 1.97 1.23 2.10 1. 54 0.63 5.33 3.37 2.05a 

T-4 5930 1.08 2.32 1.30 1.60 1.11 0.65 3.96 4.01 2.00a 

Mean It 1.09A 1.99A 1.40A 1.82A 1.42A 0.98A 4.48C 3.07B 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

ItWithin rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

I-' 
N 
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Table 29. Influence of Osmocote level and days from insertion on carbon gain of jojoba cuttings 
during Experiment III-B. 

Carbon Gain (AP/Rd) 
Osmocote Da~s from Insertion 

Treatment (grams m-3) 1 3 7 14 20 34 48 522 77 2 

T-l 0 1.08 1.53 0.92 2.10 1.19 1.15 3.07 1.64 3.31 

T-2 l4GO 1.38 1. 78 1.03 2.07 0.67 1.63 2.28 1. 70 3.57 

T-3 2970 1.10 1.91 1.94 1.51 1.12 1.23 2.83 1.84 4.34 

T-4 5930 1.41 2.00 1.26 2.00 1.26 1.54 2.06 1.99 3.74 

Hean II 1.24AB 1.81B 1. 29AB 1.90B 1.06A 1. 39AB 2.56C 1. 79B 3.74D 

2 0nly rooted cuttings were selected. 

Hean+ 

1. 78a 

1. 79a 

1.99a 

1.87a 

+Within columns, means associated with the same lower case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

#Within rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

I-' 
tv 
0\ 
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increased rapidly upon rooting of poplar cuttings while Rd either con-

tinued to decline or only increased slowly. 

During III-A, r.oot respiration (RR) for treatment 3 cuttings 

(Osmocote, 2.97 kg m -3) was 'significantly greater than that for the 

other three treatments (Table 30). There were no significant treat-

ment differences in RR during experiment III-B (Table 31). Root 

respiration did change significantly over time in both III-A (Table 

30) and III-B (Table 31). In experiment III-A, mean root (basal) 

-1 -1 respiration rose slightly from 3.25 ppm CO 2 min cutting on day 3 

-1 .-1 
to 4.4 ppm CO 2 min cutt~ng on day 7 (Table 30). Root respiration 

declined through day 21 and rose upon commencement of rooting around 

day 35. Root respiration then rose steadily through day 77. Root 

(basal) respiration in Experiment III-B dropped significantly from 

-1 -1 -1 -1' 
5.44 ppm CO

2 
min cutting to 2.9 ppm CO 2 min cutting between 

days 1 and 3 (Table 31). Root respiration was similar for Experiments 

III-B and III-A, with significant increases in RR accompanying rooting 

between days 34 and 48 (Table 31). Sharp increases in respiration of 

basal ends of cuttings upon root formation was also found by Strydon 

and Hartmann (1960). 

During Experiment III-A, root dry weight of cuttings rooted 

with treatments 3 or 4 were significantly greater than those of con-

troIs at day 77 from insertion (Table 32). There were no significant 

fertilizer effects on root dry weight during III-B (Table 33). Beginning 

with day 35, there was a significant increase in root dry weight with 

time (Table 32). The same response was found beginning at day 34 for 

III-B (Table 33). 



Table 30. Influence of Osmocote level and days from insertion on root respiration of jojoba cuttings 
during Experiment III-A. 

Root ResEiration (~C02 ppm min-l -1 cutting ) 
Osmocote Days from Insertion 

Treatment (grams m-3) 3 7 14 21 35 49 55z ---- n z - MeanT 

T-l 0 3.56 4.97 1.36 1.59 1.40 3.50 3.93 15.38 4.46a 

T-2 H80 3.09 3.04 3.23 1.43 3.41 4.10 3.80 12.14 4.28a 

T-3 2970 3.31 6.52 1. 74 2.77 4.10 4.99 5.02 23.l3 6.45 b 

T-4 5930 3.06 3.04 2.52 1. 97 1.53 3.81 5.98 16.03 4.74a 

Mean It 3.25ABC 4.39C 2. 2 lAB 1.94A 2.61ABC 4.10BC 4.74C l5.46D 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

ItWithin rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

I-' 
N 
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Table 31. Influence of Osmocote level and days from insertion on root respiration of jojoba cutt~ngs 
during Experiment III-B. 

Root ResEiration (~C02 ppm min-l -1 cutting ) 
Osmocote

3 
Da~s from Insertion 

+ Treatment (grams m- ) 1 3 7 14 20 34 48 52 n z Hean 

T-l 0 4.64 2.94 2.15 2.74 2.16 1.58 4.71 12.42 4.l7a 

T-2 1480 4.73 3.49 3.70 2.16 1.11 2.22 5.89 16.74 5.Ola 

T-3 2970 5.97 2.32 2.69 1.89 2.38 2.47 2.95 15.88 4.S7a 

T-4 5930 6.44 2.87 2.30 1.82 3.09 3.51 4.79 17.82 5.33a 

Hean if 5.44B 2.90A 2.71A 2.l6A 2.l8A 2.45A 4.58B lS.60C 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

#Within rows, means associated with the same upper case letter are not significantly different at the 
5% level according to the S-N-K multiple range test. 

I-' 
N 
\0 



Table 32. Influence of Osmocote level and days from insertion on root dry weight of jojoba 
cuttings during Experiment III-A. 

Root Dry \.Jeighi Cutting-l(mg) 

Treatment 
Osmocot~3 

(grams m ) 3 
Days from Insertion 

7 14 21 35 49 55~ 77~ MeanY 

T-l 0 0 0 0 b 0.3 53.3 56.5 76.0a + 46.5a 

T-2 1480 0 0 0 0 23.8 32.0 76.3 12l.0ab 63.3a 

T-3 2970 0 0 0 0 36.5 45.3 68.3 212.5 b 90.7a 

T-4 5930 0 0 0 0 6.3 25.5 77 .0 233.8 b 85.7a 

Mean II 0 0 0 0 16.7A 39.0A 69.1B 153.4B 

YFrom day 35 onward only. 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different 
at the 5% level according to the S-N-K multiple range test. 

#Within rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

I-' 
W 
o 



Table 33. Influence of Osmocote level and days from insertion on root dry weight of jojoba cuttings 
during Experiment III-B. 

Root Dr~ Weight Cuttin~-l (mg) 
Osmocote Days from Insertion 

Treatment (grams m-3) 1 3 7 14 20 34 48 52z n Z .- MeanY 

T-l 0 0 0 0 0 0 0.2 33.2 39.2 136.6a 52.3a+ 

T-2 1480 0 0 0 0 0 2.6 13.2 44.0 l49.0a 52.2a 

T-3 2970 0 0 0 0 0 0 19.0 70.6 91.0a 45.2a 

T-4 5930 0 0 0 0 0 13.0 15.8 47.4 236.0a 78.la 

Mean II 0 0 0 0 0 4.0A 20.3B 50.3C l48.9D 

YFrom day 34 onward only. 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

UWithin rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

...... 
(..J 

...... 
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Leaf succulence (leaf fresh weight cutting-l/leaf dry weight 

cutting-l ) was not significantly affected by fertilizer treatment during 

either III-A (Table 34) or III-B (Table 35). Leaf succulence did change 

significantly over time in both Experiment III-A (Table 34) and III-B 

(Table 35). Cuttings in III-A (Table 34) showed a slight initial in-

crease followed by a steady decrease through day 48. There was a sig~ 

nificant increase in leaf succulence between days 55 and 77 (Table 34). 

Data" from III-B show an initial increase in leaf succulence from day 1 

to 3 (Table 35), followed by a steady decrease (except for day 20) 

through day 48. Rooted liners at days 52 and 77 showed a significant 

increase in leaf succulence over that found at days 34 and 48 (Table 

35). Machida et al. (1977) found similar changes in leaf water status 

during mist propagation of Camellia, Viburnum and Forsythia. 

Correlations between C02 Exchange 
Properties and Growth 

At day 3 of Experiment III-A, significant correlations were 

found between the following parameters (see Table 36 for abbreviation 

legend): AP x Rd (r = .44), AP x leaf succulence (r = -.87), Rd x 

specific leaf weight (r = -.51), Rd x leaf dry weight (r = -.48), root 

respiration x leaf area (r = .54) and carbon gain x leaf succulence (r 

= -.83) (Table 37). These correlations suggest a situation in which 

cuttings with a preponderance of young, succulent leaves undergo water 

stress after insertion in the rooting bench. Apparent photosynthesis 

and Rd \vere then reduced as a consequence of water stress. The posi-

tive correlation between root respiration and leaf area suggests that 



Table 34. Influence of Osmocote level and dais from insertion on leaf succ~lence (leaf fresh weight 
cutting-1/leaf dry weight cutting- ) of jojoba cuttings during Experiment III-A. 

Leaf Succulence (leaf fresh weight/leaf dr~ weight) 
Osmocot~3 Da~s from Insertion 

Treatment (grams m ) 3 7 14 21 35 49 55Z n z Mean 

T-l 0 2.85 2.71 2.49 2.51 2.39 2.37 2.43 2.70 2.56a 

T-2 1480 2.67 2.91 2.54 2.57 2.40 2.42 2.49 2.78 2.60a 

T-3 2970 2.87 2.84 2.50 2.41 2.44 2.36 2.48 2.88 2.58a 

T-4 5930 2.84 2.98 2.54 2.53 2.46 2.27 2.45 2.74 .2.60a 

Mean II 2.81B 2.86B 2.52A 2.50A 2.42A 2.35A 2.46A 2.76B 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

#Within rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

f-' 
W 
W 



Table 35. Influence of Osmocote level and days from insertion on leaf succulence (leaf fresh weight 
per cutting/leaf dry weight per cutting) of jojoba cuttings during Experiment III-B. 

Leaf Succulence (leaf fresh weight/leaf drz weight) 

Treatment 
Osmocot~3 

(grams m ) 1 3 7 14 
Days from Insertion 

20 34 48 52z 77z Mean 
I 

T-l 0 2.64 2.53 2.49 2.37 2.41 2.43 2.31 2.57 2.50 2.47a 

T-2 1480' 2.46 2.67 2.42 2.34 2.54 2.43 2.31 2.58 2.74 2.50a 

T-3 2970 2.51 2.78 2.51 2.29 2.46 2.28 2.31 2.65 2.79 2.50a 

T-4 5930 2.45 2.73 2.54 2.37 2.69 2.38 2.26 2.83 2.73 2.55a 

Mean 1t 2.52BC 2.68C 2.49B 2.34A 2.53BC 2.38AB 2.30A 2.66C 2.69C 

ZOnly rooted cuttings were selected. 

+Within columns, means associated with the same lower case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

1tWithin rows, means associated with the same upper case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

f-' 
W 
.p. 



Table 36. Legend for abbreviations used in Tables 37 and 38. 

Abbreviation 

AP 

Rd 

RR 

CarG 

LSucc 

SLW 

LA 

RDW 

DWS 

DWLvs 

Definition 

apparent photosynthesis 

dark respiration 

root respiration 

carbon gain 

leaf succulence 

specific leaf weight 

leaf area 

root dry weight 

dry weight of shoot 

dry weight of leaves 
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Table 37. Correlation matrix of C02 exchange properties and growth parameters of jojoba ~uttings during 
vegetative propagation (Experiment III-A). 

Parameter Dazs from Insertion of Cuttings 
Pair 3 7 14 21 35 49 55 77 

RDW X AP .74** .77'1<* .85** .86** 
RD\.J X Rd .57* .49* .17 .46* 
RD\.J X RR .82** .67** .82** .38 
RDW X CarG ."64** .79;<* .82** .43 
RD\.J X L5ucc .26 .76'1<* .61** .41 
RDW X 5LW .17 -.35 .29 .48* 
RDW X LA .42 .37 .29 .38 

AP X Rd .44* .01 .34 .48* .61** .58** .01 .52* 
AP X RR .00 .16 .42* .33 .87** .63** .89** .34 
AP X L5ucc -.87** .05 .62** .02 .22 .63** .60** .34 
AP X 5LW -.39 .67*'1< -.08 .34 .14 -.51* .27 .33 
AP X LA -.11 -.10 .40 .47* .28 .35 .24 
AP X DW5 -.28 .07 -.03 .46* .50* -.05 .37 .30 

Rd X RR .27 .75** .52* .42 .52* .33 .18 .68** 
Rd X L5ucc -.22 -.30 .73** -.68** -.16 .41 .08 -.16 
Rd X 5LW -.51* -.05 -.01 .59** -.10 .04 -.10 .89** 
Rd X LA -.38 .10 .26 -.22 -.01 .45* -.06 .53* 
Rd X DHLvs -.48* .09 .28 .16 -.05 .42 -.09 .69** 

RR X L5ucc -.22 -.41 .25 -.39 .27 .48* .64* .22 
RR X 5LH -.19 -.04 -.24 .12 .05 .26 .10 .60* 
RR X LA .54* .36 .27 .22 .60** .24 .29 .61** 
RR X DH5 .42 .24 .21 .13 .61** .11 .22 .68** 

I-' 
w 
0\ 



Table 37, Continued. 

Parameter 
Pair 3 7 

CarG X RR -.17 .05 
CarG X LSucc -.83** .26 
Carg X SLW -.16 .54'" 
CarG X LA .06 -.16 
CarG X m.Js -.09 -.16 

*Significant at the .05 level. 
**Significant at the .01 level. 

14 

-.05 
.47* 

-.09 
-.l3 

.31 

Dals from Insertion of Cuttings 
21 35 49 

.14 .81** .52* 

.43* .27 .62** 
-.01 .22 -.61** 

.67** .56* .25 

.52* .59** -.15 

55 

.85** 

.59* 

.29 

.31 

.35 

77 

-.26 
.48* 

-.48* 
-.03 
-.l3 

I-' 
W 
"-l 
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stored photosynthate in leaves and not current photosynthate, may be 

initially contributing to' basal respiration. This conclusion is also 

supported by the lack of positive correlation between AP and RR. 

At day seven from insertion, the following correlations were 

significant: AP x SLW (r .67), Rd x RR (r = .75) and CarG x SLW 

(r = .47) (Table 37). This suggests a situation in which the young, 

succulent cuttings have recovered from their initial water stress and 

photosynthetic rates are dependent upon factors associated with high 

SLW. Thickness of the palisade layer and number of chloroplasts per 

unit leaf area are two factors associated with high SLW (Delaney and 

Dobrenz, 1974; Dornhoff and Shib1es, 1976). A slight increase in leaf 

succulence did occur between days 3 and 7 (Table 34). The cuttings 

that are the most metabolically active, are also respiring more vigor

ously at the wounded basal end. 

Correlations found to be significant at day 14 were: AP x RR 

(r = .42), AP x LSucc (r 

.73) and CarG x LSucc (r 

.62), Rd x RR (r = .52), Rd x LSucc (r = 

.47) (Table 37). These relationships re-

f1ect the deteri0ration in leaf water status that took place between 

days 7 and 14 (Table 34) and show that those cuttings most able to 

maintain their succulence remained most metabolically active. Signif

icant correlations at day 21 were: AP x Rd (r = .48), AP x DWS (r 

.46), Rd x LSucc (r = -.68), Rd x SLW (r = .59), CarG x LSucc (r = .43), 

CarG x LA (r = .67), and CarG x DWS (r = .52) (Table 37). The situa

tion on day 21 is not clear. It is difficult to understand how the 

highly significant positive relationship between Rd and LSucc at day 

14 (r = .73) could change to the highly significant, negative 
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relationship at day 21 (r = -.68). Depletion of stored materials in 

new, succulent growth is a possible explanation. 

On day 35 the following correlations were found to be highly 

significant: ROW x AP (r = .74), ROW x RR (r = .82), ROW x CarG (r 

.64), AP x Rd (r = .61), AP x RR (r = .87), RR x LA (r = .60), RR x 

DWS (r = .61), and CarG x RR (r = .81) (Table 37). At this point in 

the rooting period, the emergence of new roots appeared to affect the 

rates of AP, Rd and CarGo Root dry weight is well a~counted for by 

changes in root respiration. The relationships between root respira

tion, leaf area and shoot dry weight indicate that root respiration is 

affected by source size. 

The following. correlations were found to be highly significant 

on day 49 of III-A: RDH x AP (r .77), RDW x RR (r = .67), RDW x 

CarG (r = .79), RDW x LSucc (r = .76), AP x Rd (r = .58), AP x RR (r 

.63), AP x LSucc (r .63), CarG x LSucc (r = .62) and CarG x SLW (r 

-.61) (Table 37). On day 49, the situation encountered on day 35 con

tinued, with root growth and CO
2 

exchange strongly correlated. The 

positive relationships involving leaf succulence, root dry weight and 

photosynthesis indicate that root growth resulted in improved shoot 

water status with consequent increases in source output. The possi

bility that photosynthesis in rooting jojoba cuttings is dependent 

upon root growth and subsequent increases in shoot water content, is 

supported by the work of Gay and Loach (1977). They found that stomata 

of dogwood remained closed until a measurable length of root had de

veloped and leaf conductances were highly correlated-with the length of 
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the longest root. Loach (1977) found that poor rooting of Rhododendron, 

Ceanothus and Hebe was related to low mean water potentials during 

rooting. The possibility that the new roots themselves exert a posi

tive influence on AP by providing a strong sink for photosynthate 

(Humphries and Thorne, 1964) should not be excluded. Sink removal 

(fruits) has been found to result in reduced photosynthesis and in

creased stomatal resistances in both pepper and grapes (Kriedemann et 

al., 1976). Water relations and source-sink relationships may both 

play a part in rooted cutting development via positive feedback. 

Apparent photosynthesis is stimulated by increased sink demand upon 

rooting and further enhanced by improved leaf water status resulting 

from increased root growth. Alternatively, the feedback could begin 

with improved leaf water relations upon rooting leading to an enhance

ment of AP which is then reinforced by increased sink (root) size. 

The situation on day 55, when rooted cuttings only were selec

ted, ~-ms essentially similar to that of day 49 (Table 37). Correlations 

found to be highly significant at day 77, when liners had been potted 

for 26 days were: RD\.)' x AP (r = .86), Rd x RR (r = .68), Rd x SLW (r 

.89), Rd x DWLvs (r = .69), RR x LA (r = .61) and RR x DWS (r = .68) 

(Table 37). 

Correlations between C02 exchange properties and growth para

meters for cuttings in Experiment III-B, resembled those of III-A for 

the latter part of the run, i.e., from root emergence onward, but 

differed during the early weeks of the experiment (Table 38). Cuttings 

in III-B had been in the rooting bench for a shorter period of time 

than those in III-A when mist system problems arose. As a result, 



Table 38. Correlation matrix of C02 exchange properties and growth parameters of jojoba cuttings 
during vegetative propagation (Experiment III-B). 

Parameter Dals from Insertion of Cuttings 
Pair 1 3 7 14 20 34 48 52 77 

RDH X AP .58** .. 7 5'~;' .75** .70** 
RDW X Rd -.12 .58** .33 .12 
RDH X RR .41* .66** .47* 
RDW X CarG .73** .71** .71** .62** 
RDW X LSucc .37 .28 .67** .21 
RDH X SLW -.32 -.02 -.16 -.29 
RDW X LA .38* .20 -.03 .35 

AP X Rd .25 .46''< .51* .48* .63** .45* .88** .45* .37 
AP X RR .30 -.29 .08 -.26 .30 .48* .45* .22 
AP X LSucc -.03 .37 .67*'1, .50* .85** .72** .63** .73** .49* 
AP X SLW .41* .79** .19 .55* -.29 -.04 -.15 -.20 -.31 
AP X LA .45* -.41* -.48* -.52* -.30 .14 -.16 -.13 .12 
AP X DWS .43* -.24 -.51* -.34 -.33 .11 -.09 -.12 -.04 

Rd X RR .06 -.12 -.06 -.38* .44* .22 .31 -.01 
Rd X LSucc .67** .35 .74** .27 .56** .33 .52** .15 .21 
Rd X SLW .23 .47* .55* -.01 .08 .47* .13 .55** .32 
Rd X LA -.05 .11 -.42* -.78** -.44* -.48* -.18 -.53** -.34 
Rd X DWLvs -.02 .24 -.33 -.77** -.46* .29 -.10 -.41* -.17 

RR X LSucc -.12 -.41* .00 .17 .12 .32 .13 .06 
RR X SLW -.29 -.15 .05 .06 -.24 .06 -.14 -.26 
RR X LA .38* -.06 -.27 .74** .02 .20 .46* .41* 
RR X m.Js .l3 .00 -.35 .73** -.09 .24 .48'~ .36 

...... 
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Table 38, Continued. 

Parameter 
Pair 1 3 

CarG X RR .30 -.33 
CarG X LSucc -.34 .16 
CarG X SLH .26 .52** 
CarG X LA .50* -.49 
CarG X DHS .51;' -.35 

*Significant at the .05 level. 
**Significant at the .01 level. 

Days from Insertion of Cuttings 
7 14 20 34 48 

.13 -.13 

.40* .33 

.01 .64*;' 
-.33 -.16 
-.37 .03 

.26 

.78** 
-.29 
-.22 
-.26 

.50* 

.33 
-.29 
-.62** 

.45* 

.48* 

.59** 
-.26 
-.17 
-.16 

52 

.73**, 
-.40* 

.01 
-.01 

77 

.25 

.37 
-.60** 

.43* 

.19 

~ 
-I"
N 
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cuttings in III-B show earlier and more consistent responses to water 

stress than did their counterparts in III-A. Apparent photosynthesis 

was positively correlated with leaf succulence from day 7 (r = .67) 

through the end of the experiment at day 77 (r = .49) (Table 38). 

Another difference between III-B and III-A in the early stages of 

rooting are the significant, negative ~orre13tions between AP -and-leaf 

area found in III-B at days 3 (r = -.41), 7 (r = -.48) and 14 (r = -.52). 

An interesting, but not easily explanable pair of correlations occurred 

on day 14 of III-B, when Rd and leaf area were highly and negatively 

correlated as were Rd and leaf dry weight. On the same day RR was 

highly and positively correlated with the same two parameters (Table 38). 

After rooting began in Experiment III-B (day 34), highly signif

icant correlations between root dry weight (RDW) and AP occurred con

sistently (Table 38) just as they did in III-A (Table 37). The 

significant, positive relationships between AP and Rd found in III-A, 

were also found in III-B. The positive correlation between RR and root 

dry weight was significant, but not as strong as the same relationship 

in Experiment III-A. The significant, negative correlation between CarG 

and SLW found at day 77 in III-A (Table 37), was highly significant and 

negative in III-B (Table 38). This consistent, negative relationship 

between carbon gain and SLW for the 77 day-old liners suggests a reduc

tion in efficiency of the original leaves as time progresses. 



Factors Affecting Growth in 
Stage II (Nursery Stage) 
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Media and Stage I (Rooting
Stage) Fertilization 

No significant differences in nursery growth were found be-

tween liners grown in the loam; sand; bark (control) media versus 

those grown in the ammended media of greater aeration capacity. Mean 

number of new nodes per plant between liners grown in the two media 

differed very little at 3, 6, and 12 months from lining-out (Table 

39). It is evident that media characteristics within the ranges des-

cribed for the two media tested were not sufficiently diverse to cause 

differences in the growth parameter measured. Paul and Lee (1976) 

found that many media, all with air pore-space percentages of close 

to ten percent, did not result in nursery plants consistently low in 

either total dry weight or height. 

Highly significant differences in the number of new nodes de-

veloped were found between cuttings fertilized in Stage I and those that 

were not. At three months from lining-out, cuttings fertilized in Stage 

I had developed an average of 2.8 new nodes per liner versus 0.47 for 

cuttings not fertilized during rooting (Table 39). Although the rela-

tive differences between the two groups of liners became smaller at six 

and twelve months from lining-out, cuttings fertilized during Stage I 

had still developed significantly more new nodes as of twelve months 

(Table 39). A similar carry-over effect of fertilization with CRF's 

during mist propagation \vas found by \.Jard and \fuitcomb (1979) ten months 

after lining-out of Japanese holly. 



Table 39. Influence of Stage I fertilization and Stage II media on the number of new nodes per 
plant three, six and twelye months from lining-out (Experiment IV). 

Stage I 
Fertilizer 
Treatment 

Control 

Control 

Osmocote 

Osmocote 

Control (mean) 

Osmocote (mean) 

Stage II 
Media 

Control 

Amended 

Control 

Amended 

Control (mean) 

Amended (mean) 

3 

0.47a 

0.47a 

2.75 b 

2.86 b 

0.47a 

2.80 b 

1.6la 

1. 67a 

+ Number of New Nodes per Plant 
Months from Lining-out 

6 12 

1.52a 10.02a 

2.l4a 10.67a 

5.62 b 14.65 b 

5.43 b 14.38 b 

1.83a 10.35a 

5.52 b 14.51 b 

3.57a l2.32a 

3.79a l2.59a 

Mean 

4.00 

4.43 

7.67 

7.56 

4.22 

7.61 

5.83 

6.02 

+Within columns, means associated with the same lower case letter are not significantly different at 
the 5% level according to the S-N-K multiple range test. 

I--' 
-I'
VI 
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Light and Stage I Fertilization 

Spring-rooted jojoba liners grown through the summer and early 

fall of 1981 in full sun grew more than those grown under 50 percent 

shade (Experiment V). Node number per cutting, shoot dry weight per 

cutting, and leaf area per cutting were evaluated on these cuttings. 

Sungrown liners had 20 percent more nodes (19 per plant) at harvest as 

compared to those grown under shade (Table 40). This was after the 

five percent corr£ction factor had been applied to those grown under 

shade (see Experiment V,~}laterials and Methods). Dry weight per shoot 

of sun-grown plants was 32 percent greater than that of those grown 

under shade (3.16 grams per plant versus 2.13 grams) (Table 41) and 

leaf area per plant was 18 percent greater for sun-grown liners, i.e., 

103 cm
2 

per plant versus 84 cm2 per shade-grown liner (Table 42). 

Specific leaf weight of jojoba liners grown in full sun was also sig

nificantly greater than that found for shade-grown liners (Table 43). 

Leaf succulence was significantly greater for those grown under 50 per-

cent shade (Table 44). 

Similar decreases in dry weight with lower light .intensity have 

been found with apple (Maggs, 1960) and dogwood (Sheppard and Pellett, 

1976). Decreases in leaf area with decreasing light levels have been 

reported (Maggs, 1960; Sheppard and Pellett, 1976). The decrease in 

SLW found with decreasing light intensity is similar to that found with 

apples (Barden, 1974) and holly (Stutz and Frey, 1980). Increases in 

fresh weight per dogwood leaf as shade was increased (Sheppard and 

Pellett, 1976) resemble the increase found in jojoba leaf succulence 

under shade. 
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Table 40. Influence of Stage I fertilization and Stage II light regime 
on node number per plant (Experiment V). 

Stage I 
Fertilizer Treatment 

T-1: (Control) 

Node Number per Plant 
Stage II Light Regime 

Sun-grown Shade-grown Mean 

16.65 12.84 14.74a 

T-2: (20-20-20, 300 ppm N) 20.88 16.09 18.48 bc 

T-3 : (20-20-20, 150 ppm N) 19.75 15.51 17.63abc 

T-4: (Osmocote, -3 22.18 5.9 kg m ) 18.08 20.13 c 

T-5: (Osmocote, ·-3 3.0 kg m ) 20.95 16.01 18.48 bc 

T-6: (Osmocote, -3 1.5 kg m ) 16.33 15.38 15.85ab 

T-8: (IBDU, 2.7 -3 kg m ) 19.08 14.86 16.97ab 

T-9: (IBDU, 1.4 -3 kg m ) 18.20 15.23 16.7lab 

T-10: (SeU, 3.1 -3 kg m ) 18.48 13.94 16.21ab 

T-11: (SeU, 1.5 -3 kg m ) 18.58 13.13 15.85ab 

T-12: (SeU, 0.8 -3 kg m ) 18.23 13.83 16.03ab 

Mean II 19.04B 15.02A 17.03 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

IIW' h' , d 'h h 1t 1n rows, means assoc1ate W1t t e same upper 
significantly different at the 5% level according 
multiple range test. 

case letter are not 
to the S-N-K 
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Table 41. Influence of Stage I fertilization and Stage II light regime 
on shoot dry weight per plant (Experiment V). 

. Stage I 
Fertilizer Treatment 

T-l: (Control) 

T-2: (20-20-20, 300 ppm N) 

T-3: (20-20-20, 150 ppm N) 

T-4: (Osmocote, -3 5.9 kg m ) 

T-5: (Osmocote, -3 3.0 kg m ) 

T-6: (Osmocote, -3 1.5 kg m ) 

T-8: (IBDU, -3 2.7 kg m ) 

T-Q· (IBDU, -3 1.4 kg m ) 

T-10: (SeU, -3 3.1 kg m ) 

T-ll: (SeU, 1.5 -3 lI"g IT! ) 

T-12: (SeU, 0.8 
-3 kg m ) 

Mean It 

Shoot Dry Weight per Plant (g) 
Stage II Light Regime 

Sun-grown Shade-grown Mean+ 

2.56 1.77 2.l6a 

3.15 2.38 2. nab 

3.26 2.15 2.7lab 

3.53 2.55 3.04 b 

3.46 2.25 2.86ab 

2.77 2.13 2.45ab 

3.16 2.18 2.67ab 

3.28 2.19 2.74ab 

3.03 1. 96 2.50ab 

3.41 1. 96 2.69ab 

3.09 1.84 2.47ab 

3.l6B 2.13A 2.64 

+ \.Jithin columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

ltv' h' . d . h h wlt ln rows, means assoclate Wlt t e same upper 
significantly different at the 5% level according 
multiple range test. 

case letter are not 
to the S-N-K 
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Table 42. Influence of Stage I fertilization and Stage II light regime 
on leaf area per plant (Experiment V). 

Leaf Area per Plant 2 
(cm 2 

Stage I Stase II Li~ht Re~ime 
Fertilizer Treatment Sun-grown Shade-grown Mean=F 

T-l: (Control) 87.0 71.4 79.2a 

T-2: (20-20-20, 300 ppm N) 104.4 93.9 99.2ab 

T-3: (20-20-20, 150 ppm N) 105.7 85.6 95.7ab 

T-4: (Osmocote, -3 5.9 kg m ) 117.8 101.9 109.9 b 

T-5: (Osmocote, -3 3.0 kg m ) 114.4 87.8 101.lab 

T-6: (Osmocote, -3 1.5 kg m ) 90.2 88.6 89.4ab 

T-8: (IBDU, -3 2.7 kg m ) 99.5 82.9 91. 2ab 

T-9: (IBDU, -3 1.4 kg m ) 101.3 84.7 93.0ab 

T-lO: (SeU, -3 3.1 kg m ) 98.4 76.3 87.4ab 

T-11: (SeU, -3 1.5 kg m ) 109.2 76.6 93.0ab 

T-12: (SeU, 0.8 -3 kg m ) 100.5 76.3 88.4ab 

Mean /I 102.6B 84.4A 93.5 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

/lWithin rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 43. Influence of Stage I fertilization and Stage II light regime 
specific leaf weight (Experiment V). 

Specific Leaf Weight (mg/cm2) 

Fertilizer Treatment Sun-grown Shade-grown Mean+ 
Stage II Light Regime 

T-l: (Control) 22.1 19.0 20.6a 

T-2: (20-20-20, 300 ppm N) 22.1 19.0 20.6a 

T-3: (20-20-20, 150 ppm N) 22.1 19.2 20.7a 

T-4: (Osmocote, 5.9 -3 kg m ) 21.5 18.0 20.0a 

T-5: (Osmocote, 3.0 -3 kg m ) 21.8 18.0 20.4a 

T-6: (Osmocote, 1.5 -3 kg m ) 22.9 18.0 20.5a 

T-8: (IBDU, 2.7 -3 kg m ) 22.8 20.0 21.4a 

T-9: (IBDU, 1.4 -3 kg m ) 23.2 19.6 21.4a 

T-lO: (SCU, 3.1 
-3 kg m ) 22.0 19.1 20.8a 

T-l1: (SCU, 1.5 
-3 kg m ) 22.0 19.3 21.la 

T-12: (SCU, 0.8 
-3 kg m ) 22.9 18.4 20.7a 

Mean " 22.4B 19.0A 20.7 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

"Within rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 44. Influence of Stage I fertilization and Stage II light regime 
on leaf succulence (leaf fresh weight plant-l/leaf dry 
weight plant-I) (Experiment V). 

Fertilizer Treatment 

T-l: (Control) 

T-2: (20-20-20, 300 ppm N) 

T-3: (20-20-20, 150 ppm N) 

T-4 : (Osmocote, -3 5.9 kg m ) 

T-5: (Osmocote, -3 3.0 kg m ) 

T-6: (Osmocote, -3 1.5kgm) 

T-8: (IBDD, 2.7 -3 kg m ) 

T-9: (IBDD, 1.4 -3 kg m ) 

T-lO: (SCD, 3.1 
-3 kg m ) 

T-ll: (SCD, 1.5 
-3 kg m ) 

T-12: (SCD, 0.8 
-3 kg m ) 

Mean Ii 

Leaf Succulence (fresh weight/dry weight) 
Stage II Light Regime 

Sun Grown Shade Grown Mean+ 

2.70 2.87 2.79a 

2.61 2.88 2.75a 

2.60 2.85 2.73a 

2.60 2.85 2.73a 

2.58 2.92 2.75a 

2.58 2.94 2.76a 

2.54 2.84 2.69a 

2.55 2.85 2.70a 

2.58 2.87 2.73a 

2.58 .. 2.85 2.72a 

2.59, 2.98 2.i9a 

2.59A 2.88B 2.74 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

IiW' h' . d . h h 1t 1n rows, means assoc1ate W1t t e same upper 
significantly different at the 5% level according 
multiple range test. 

case letter are not 
to the S-N-K 
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Overall survival for the sun-grown plants as of October, 1981 

was 98 percent and that for the shade-grown plants was,99.2 percent. 

Significant dlffet'2nces :1.n survival were not found among the plants 

from different rooting-stage fertilization treatments. 

Carry-over effects of Stage I fertilization on Stage II growth 

were found during Experiment V. Node number per liner, shoot dry 

weight per liner, and leaf area per liner were significantly affected 

by Stage I fertilization.' The following Stage I treatments resulted in 

significantly more nodes per plant at harvest than the control treatment: 

-3 Peter's 20-20-20, 300 ppm N, Osmocote, 5.93 kg m , and Osmocote, 2.97 

-3 kg m Liners from other Stage I treatments did not differ signifi-

cantly in node number from controls at harvest (Table 40). Liners from 

treatment 4 had significantly more nodes than those from all other 

treatments except for 2, 3 and 5 (Table 40). The carry-over effect of 

Stage I fertilization on shoot dry weight (Table 41) and leaf area 

(Table 42) was significant, but not as great as that on node number. 

In terms of both of these parameters, growth was significantly greater 

than that of controls only in liners fertilized during rooting at, a rate 

of 6 kg m-3 Osmocote 19-6-12 (treatment 4). Although carry-over effects 

on root dry weight per liner appear large, (Table 45), differences were 

not found to be statistically significant at the .05 level. 

Node number, leaf area, leaf number, shoot fresh and shoot dry 

weight were all highly intercorrelated for sun-grown plants, with r 

values ranging from r = .85 (dry weight per shoot x node number) to 

r = .98 (dry weight per shoot x fresh weight per shoot) (Table 46). 

Shoot growth parameters were all highly correlated with root dry 



Table 45. Influence of Stage I fertilization on root dry weight per 
sun-grown plant during Stage II (Experiment V). 

Stage I 
Weight+ Fertilizer Treatment Root Dry (mg) 

T-l: (Control) 249.3a 

T-2: (20-20-20, 300 ppm N) 342.5a 

T-3: (20-20-20, 150 ppm N) 396.9a 

T-4: (Osmocote, 5.9 kg -3 m ) 380.3a 

T-5: (Osmocote, 3.0 kg m-3) 366.7a 

T-6: (Osmocote, 1.5 kg m -3) 285.6a 

T-8: (IBDU, 2.7 
-3 kg m ) 358.520 

T-9: (IBDU, 1.4 
-3 kg m ) 340.8a 

T-IO: (SCU, 3.1 
-3 kg m ) 310.la 

T-11: (SCU, 1.5 
-3 kg m ) 311. 3a 

T-12: (SCU, 0.8 
-3 kg m ) 356.3a 

Mean 335.5 
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+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 



Table 46. Correlation matrix for growth parameters of sun-grown liners during Experiment V. 

Growth 
Parameter 

NODES 

LEAVES 

FWPS 

DWPS 

DVlPR 

LSUCC 

SLW 

Leaf Area NODES 

.88** 

.88** .97** 

.97** .84** 

.96** .85** 

.72** .75** 

-.34** -.36** 

-.15 -.21 

Grmvth Parameter 
Leaves FWPS DWPS DWPR 

.86** 

.86** .98** 

.74** .72** .76** 

-.28* -.30* -.46** -.43* 

-.13 .03 .10 .03 

LSUCC 

-.39** 

Abbreviations: FWPS, fresh weight per shoot; DWPS, dry weight per shoot; DWPR, dry weight per root 
system; LSDCC, leaf succulence; SLW, specific leaf weight. 

*Significant at .05 level. 
**Significant at .01 level. 

f-' 
lJ1 
.JO-
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weight, e.g., root dry weight x node number, r ~ .75 (Table 46). Leaf 

succulence of sun-grown liners was negatively correlated with all shoot 

growth parameters and with root dry weight (Table 46). 

Shoot growth parameters of shade-grown liners were also highly 

intercorrelated, with correlation coefficients very nearly identical 

to those of sun-grown plants (Table 47). Root weight data was not ob

tained for shade-grown plants due to factors described above under 

Materials and Methods. In contrast to the situation with the sun

grown plants, no significant relationships between leaf succulence and 

growth parameters were found for shade-grown liners (Table 47). Leaf 

succulence of shade-grown plants was significantly greater than that 

of sun-grown plants (Table 44) and greater succulence in the leaves of 

the sun-grown plants was associated with decreased growth (Table 46). 

In contrast to the situation of the sun-grown plants, significant, 

negative correlations were found between SLW and shoot growth para

meters of shade-grown plants (Table 47). 

Significant differences in leaf nutrient concentrations of 

plants rooted under different Stage I fertilization regimes were not 

found as of harvest in October, 1981. Mean element concentrations of 

liners from the differing rooting-stage treatments clustered near the 

overall mean values (Table 48). The bi-weekly fertilization through 

the summer with Peter's 20-20-20 at 200 ppm N was sufficient to make 

up for differences in leaf element concentrations found as of lining

out. Leaf N concentration of controls increased from 1.36 percent at 

lining-out.in June (Table 19) to 1.87 percent in October (Table 48). 

The overall mean N concentration of leaves rose from 1.69 percent at 



Table 47. Correlation matrix for growth parameters of shade-grown liners during Experiment V. 

Growth 
Parameter 

NODES 

LEAVES 

FWPS 

DWPS 

LSUCC 

SLW 

Leaf Area NODES 

.89** 

.91** .96** 

.97** .88** 

.96** .87** 

.03 .04 

-.43** -.37** 

Growth Parameter 
LEAVES FWPS DWPS DHPR I.SUCC 

.91** 

.89** .97** 

.05 .09 -.12 

-.35 i '* -.31* -.19 -.58** 

Abbreviations: FWPS, fresh weight per shoot; DWPS, dry weight per shoot; LSUCC, leaf succulence; 
SLW, specific leaf weight. 

*Significant at .05 level. 
**Significant at .01 level. 

I-" 
Ln 
0\ 



Table 48. Mean leaf element concentrations after three months nursery growth, of sun-grown liners 
from eleven Stage I fertilizer treatments (Experiment V). 

Stage I Percent Dr~ Wei~ht Basis t Parts per Million 
Fertilizer Treatment N P K Ca Mg 'Na Mn . Fe Cu Zn B Al 

T-1: (Control) 1.87 .64 2.01 1.53 1.10 .26 48 40 8.0 122 73 43 

T-2: (20-20-20, 300 ppm N) 1. 75 .69 1. 67 1.40 0.84 .33 37 36 7.3 123 67 38 

T-3: (20-20-20, 150 ppm N) 1. 73 .61 1. 60 1.42 1.10 ' .31 37 36 6.5 101 71 39 

T-4: -3 (Osmocote, 5.9 kg m ) 1.89 .62 1. 76 1.39 1.03 .34 37 40 7.8 141 64 40 

T-5: -3 (Osmocote, 3.0 kg m ) 1.87 .60 1.81 1.32 1.02 .33 50 44 7.0 146 63 43 

T-6: -3 (Osmocote, 1.5 kg m ) 1.82 .56 1.68 1.52 1.15 .36 36 44 7.0 109 71 43 

T-8: -3 (IBDU, 2.7 kg m ) 1. 73 .57 1. 68 1.39 1.03 .30 45 32 6.8 105 60 38 

T-9: -3 (IBDU, 1.4 kg m ) 1. 69 .64 1. 63 1.34 1.05 .28 53 40 7.0 113 59 40 
-3 T-10: (SCU, 3.1 kg m ) 1.81 .76 1. 75 1.43 1.11 .29 52 35 7.0 146 71 32 
-3 T-11: (SCU, 1.5 kg m ) 1.81 .80 1.84 1.l!2 1.07 .33 61 37 7.8 155 64 32 

T-12: (SCU, 0.8 -3 kg m ) 1. 73 .70 1. 60 1.49 1.02 .40 38 45 7.0 l38 61 41 

x 1. 79 .65 1. 73 1.42 1.0\ .32 45 39 7.2 127 66 39 

Maximum 2.11 .88 2.33 1.77 1.19' .67 95 52 9 211 84 56 

Minimum 1.40 .36 1.42 1.21 .93' .24 26 26 6 81 48 26 

Ba 

43 

42 

41 

40 

36 

41 

42 

42 

39 

42 

41 

41 

50 

25 

.... 
\.n 
-...J 
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lining-out (Table 19) to 1.79 percent at harvest (Table 48). Phosphorus 

concentrations rose more markedly during the summer than did N concen

trations, with rnean leaf P concentrations changing from 0.18 percent in 

June (Table 19) to 0.65 percent in October (Table 48). Mean leaf K 

concentrations rose moderately from 1.41 percent in June (Table 19) to 

1.73 percent in October (Table 48). Mean Ca concentrations dropped 

from 2.42 percent in June (Table 19) to 1.42 percent in October (Table 

48). Of the remaining elements, leaf concentrations of the following 

dropped during the growing period: Mo, Fe, Cu, Zn, Al and Ba, while the 

following rose: Mg and Na. Leaf boron concentrations remained about 

the same, 63 ppm B in June (Table 19) and 66 ppm B in October (Table 

48). 

Comparison of the nutrient concentrations in leaves of jojoba 

plants from Experiment V (Table 48), with those for jojoba seedlings 

grown at 33 C soil temperature (Reyes et al., 1977), reveals that con

centrations of most of the elements except N, P and Zn are lower than 

those found by Reyes et al. (1977). Mean leaf N concentration of the 

Experiment V liners was 1.79 percent (Table 48) as compared with 1.61 

percent N for the seedlings (Reyes et al., 1977). The mean P concen

tration of 0.65 percent in the Experiment V liners was well above the 

0.19 percent found by Reyes et al. (1977). 

Leaf N concentrations were highly, positively correlated with 

leaf succulence (r = .48) and highly, negatively correlated with 

specific leaf weight (r -.65) and root as a percent total dry weight 

(r = -.42) (Table 49). Leaf N concentrations were also negatively 



Table 49. Correlation matrix of leaf element concentrations and growth parameters for sun-grown 
liners in Experiment V. 

Growth Leaf Element Concentration 
Parameter N P K Ca Mg Mn Fe Cu Zn B Na A1 

NODES -.02 -.03 .01 -.63*>', -.33* .01 -.15 -.11 .15 -.35* -.03 -.17 

LEAVES -.01 .03 -.01 -.56** -.33* .04 -.11 -.17 .09 -.41* -.06 -.05 

FWPS .01 .01 .11 -.69** -.25 .11 -.08 -.07 .14 -.48.** -.17 -.14 

DWPS -.09 -.02 .06 -.71** -.24 .06 -.12 -.09 .l3 -.49** -.16 -.17 

DWPR -.34* -.17 -.27* -.30* -.03 .15 -.13 -.29* .12 -.31* .12 -.11 

LSUCC .48** .15 .22 .36** .02 .35* .14 .17 .05 .27* .02 .20 

SLW -.65** -.26* -.10 .07 .04 -.l3 .03 -.18 -.08 -.24 -.05 .18 

RPTDW -.42** -.23 -.51** .47** .26 -.27 .02 -.30* .03 .20 .39** .l3 

Leaf Area .09 .03 .11 -.69** -.24 .08 -.10 -.04 .14 -.41** -.15 -.20 

Ba 

-.26* 

-.12 

-.22 

-.27* 

-.01 

.32;, 

.29 

.33* 

-.32* 

Abbreviations: FWPS, fresh weight per shoot; DWPS, dry weight per shoot; DWPR, dry weight per root 
system; LSUCC, leaf succulence; SLW, specific leaf weight; RPTDW, root as a percent 
total dry weight. 

*Significant at .05 level. 
**Significant at .01 level. 

I-' 
lJ1 
1.0 
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correlated (r = -.34) with root dry weight (Table 49). Evidently, 

those plants with higher leaf N concentrations in October (within the 

range of 1.4 to 2.11 percent N), had more young, succulent growth and 

had partitioned less photosynthate to their root systems than had 

liners with lower leaf N concentrations. Higher leaf K concentrations, 

in the range of 1.42 to 2.33 percent were also highly, negatively 

correlated with root as a percent total dry weight (r = -.51) and nega

tively correlated (r = -.27) with root dry weight (Table 49). Leaf 

concentrations of neither N nor K were significantly correlated with 

shoot growth parameters (Table 49). 

Leaf Ca concentrations were found to be highly, negatively 

correlated with nodes (r = -.63), leaves (r = -.56), fresh weight per 

shoot (r = -.69), dry weight per shoot (r = -.71) and leaf area (r 

-.69) (Table 49). Leaf Ca concentration was positively correlated 

with leaf succulence and root as a percent total dry weight and nega

tively correlated with root dry weight. These very strong, negative 

relationships between leaf Ca and shoot growth parameters are puzzling, 

considering that the range in leaf Ca concentration was only 1.21 to 

1.77 percent (Table 48). The mean leaf Ca concentration at lining-out 

was 2.08 percent (Table 19) compared with 1.42 percent at harvest in 

October (Tdble 49). It is possible that the more vigorous plants grew 

more during the summer and that their high leaf Ca concentrations 

(from misting) were diluted in new shoot growth, whereas the less 

vigorous liners grew less and had less dilution. The significant, 

positive correlation between leaf Ca and root as a percent total dry 
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weight suggests that the plants with higher leaf Ca concentrations suf-

fered relatively more shoot growth depression than root growth depres-

sion. Even so, overall root growth was lower at higher leaf Ca 

concentrations. 

Of the remaining elements, only B was consistently correlated 

with growth parameters (Table 49). Except for the lack of significant 

correlation with root as a percent total dry weight, the significant 

correlations between B and growth parameters are very close to those 

of Ca (Table 49). 

In general, shoot growth parameters were not significantly 

correlated with leaf concentrations of N, P or K and had significant, 

negative correlations with Ca, Band Ba (Table 49). Root dry weight 

per plant was negatively correlated with leaf N, K, Ca, Cu and B, while 

leaf succulence was positively correlated with leaf concentrations of 

N, Ca, Mn, Band Ba (Table 49). Increased leaf succulence in the sun-

grown plants was associated with reduced shoot and root growth (Table 

46) and seems to reflect the presence of relatively high levels of 

osmotica in the leaves. Radoo1zadegan (1980) found that leaf succu-

lence increased with increasing salinity and had significant, negative 

correlations with node number, new leaf production, protein content, 

chlorophyll concentration and gross photosynthesis. 

Stage II Fertilization and 
Stage I Fertilization 

Three months after lining-out (January, 1982), plants ferti-

1ized in the ~ursery with Osmocote 19-6-12 at either 1.48 or 2.97 kg 
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-3 m (Experiment VI) showed more growth than control plants in terms of 

node number (Table 50), leaf number (Table 51), the number of nodes 

with flowers (Table 52) and increase in node number between October and 

January (Table 53). Percent survival in the nursery between October, 

1981 and January, 1982 was not significantly affected by Stage II 

fertilization, with overall survival averaging 97.1 percent (Table 54). 

Significant carry-over were found for effects of Stage I fer-

tilization on node number (Table 50), leaf number (Table 51) and number 

of nodes with flowers (Table 52). The mean node number per plant for 

liners not fertilized during rooting was 9.29, which was significantly 

less than those for treatments two through six, i.e., the two Peter's 

and three Osmocote treatments (Table 50). Similar results were found 

for leaf number per liner, with the exception that plants from Stage I 

treatment five did not differ significantly from controls (Table 51). 

In number of nodes with flowers, the results were the same as those for 

node number (Table 52). Increase in node number during the first three 

months after lining-out (nodes in January/nodes in October) was great-

est for liners not fertilized during rooting (Table 53). The greatest 

increase in node number between October and January occurred for con-

-3 trol group cuttings lined-out into media containing 1.48 kg m Osmocote 

and had a value of 1.24 as compared to 1.06 for control cuttings lined-

out into control media (Table 53). Increase in nodes for cuttings from 

Stage I treatment 1 during the first three months in the nursery was 

significantly greater than that of treatments 2, 5, 6 and 8 (Table 53). 

The interaction between Stage I and Stage II fertilization was 
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Table 50. Influence of Stage I and Stage II fertilization on node number 
per plant three months from lining-out (January 1982) 
(Experiment VI). 

Stage I 
Fertilizer Treatment 

T-l: (Control) 

T-2: (20-20-20,300 ppm N) 

T-3: (20-20-20, 150 ppm N) 

T--4: (Osmocote, -3 5.9 kg m ) 

T-5: (Osmocote, -3 3.0 kg m ) 

T-6: (Osmocote, -3 1.5kgm) 

T-8: (IBDU, -3 2.7 kg m ) 

T-9: (IBDU, -3 1.4 kg m ) 

T-10: (SCU, -3 3.1 kg m ) 

T-11: (SCU, -3 1.5 kg m ) 

T-12: (SCU, 0.8 -3 kg m ) 

Mean" 

Number of Nodes per Plant 
Stage II Fertilization (Osmocote kg m-3) 

o 1. 48 2. 97 Mean + 

7.40 10.59 9.90 9.29a 

10.64 13.54 13.28 12.49 c 

9.49 13.40 13.68 12.19 bc 

11.47 17.09 13.76 14.10 c 

11.16 10.03 12.06 11.08 b 

11.8!, 13.01 12.36 12.40 bc 

8.30 10.36 9.63 9.43ab 

8.40 12.61 11.64 10.88ab 

9.34 12.01 10.67 10.67ab 

8.00 11.59 9.95 9.84ab 

9.17 10.63 10.63 10.14ab 

9.54A 12.21B 11.52B 11. 09 

+ Within columns, means associated tvith the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

"Within rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 51. Influence of Stage I and Stage II fertilization on leaf num
ber per plant three months from lining-out (January 1982) 
(Experiment VI). 

Leaf Number per Plant 
Stage I Stage II Fertilization (Osmocote kg m-32 

Fertilizer Treatment 0 1. LIS 2.97 Mean=i= 

T-1: (Control) 12.48 18.93 17.11 16.17a 

T-2: (20-20-20, 300 ppm N) 17.24 23.98 24.52 21. 91 bcd 

T-3 : (20-20-20, 150 ppm N) 17.24 23.75 24.78 21.92 bcd 

T-4: (Osmocote, -3 5.9 kg m ) 20.40 30.82 24.05 25.09 d 

T-5: (Osmoc.ote, -3 3.0 kg m ) 19.65 17.51 20.95 19.37abc 

T-6: (Osmocote, -3 1.5 kg m ) 21.85 23.24 21.19 22.09 cd 

T-8: (IBDU, -3 2.7 kg m )- 14.47 18.17 17.04 16.56ab 

T-9: (IBDU, -3 
1.4kgm I 14.96 22.50 21.03 19.50abc 

T-10: (SeU, -3 3.1 kg m ) 17.60 22.46 19.31 19.79abc 

T-11: (SeU, 
-3 

1.5 kg m ) 14.02 21.42 18.15 17.87abc 

T-12: (SeU, 0.8 
. -3 

kg m ) 16.12 18.44 18.03 17.53ab 

Mean" 16.88A 21.82B 20.39B 19.70 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range cest. 

"Within rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 52. Influence of Stage I and Stage II fertilization on number of 
nodes with fl.owers three months from lining-out (January 1982) 
(Experiment VI). 

Fertilizer Treatment 

T-l: (Control) 

T-2: (20-20-20, 300 ppm N) 

T-3: (20-20-20, 150 ppm N) 

T-4: 

T-5: 

T-6: 

T-8: 

T-9: 

(Osmocote, 5.9 kg m-3) 

-3 (Osmocote, 3.0 kg m ) 

(Osmocote, 1.5 kg m-3) 

-3 (IBDU, 2.7 kg m ) 

(IBDU, 1.4 kg m-3) 

-3 T-lO: (SeU, 3.1 kg m ) 

T-ll: (SeU, 1.5 kg m-3) 

T-12: (SeU, 0.8 

" Mean 

-3 kg m ) 

Number of Flowering Nodes per Plant 
Stage II Fertilization (Osmocote kg m-3) 

o 1.48 2.97 Mean+ 

1.34 1.71 1.66 1.57a 

2.28 3.82 3.70 3.27 cd 

1.89 3.22 3.56 2.89 bcd 

2.64 4.01 3.05 3.23 d 

3.01 2.20 2.84 2.68 cd 

2.68 3.45 3.17 3.10 cd 

1. 61 2.55 2.37 2.l7abc 

1. 93 1. 98 2.18 2.03ab 

2.01 2.74 1. 79 2.l8abc 

1.25 2.01 1. 76 1.67a 

1.53 2.20 2.04 1.93ab 

2.0lA 2.68B 2.52B 2.40 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

"Within rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 53. Influence of Stage I and Stage II fertilization on increase in 
node number per plant from October 1981 to January 1982 
(Experiment VI). 

Node .Increase per Plant 
Stage I Stage II Fertilization (Osmocote kg m-32 

Fertilizer Treatment 0 1.48 2.97 Mean=F 

T-l: (Control) 1. 06 1. 24 1.19 1.16 d 

T-2: (20-20-20, 300 ppm N) 1.02 1.13 1.10 1.09abc 

T-3: (20-20-20, 150 ppm N) 1.04 1.15 L12 l.ldabcd' 

T-4: (Osmocote, -3 5.9 kg m ) 1.07 1.17 1.14 1. 13abcd 

T-5: (Osmocote, -3 3.Q kg m ) 1.05. 1.07 1.09 1.07a 

T-6: (Osmocote, -3 1.5 kg m ) 1.04 1.11 1.13 1.09abc 

T-8: (IBDU, -3 2.7 kg m ) 1.03 1.08 1.15 1.09ab 

T-9: (IBDU, -3 1.4 kg m ) 1.03 1.23 1.18 1.15 cd 

T-IO: (SCU, 3.1 -3 kg m ) 1.04 1.19 1.13 1.12abcd 

T-ll: (SCU, 1.5 -3 kg m ) 1.04 1.17 1.18 1. 13abcd 

T-12: (SCU, 0.8 -3 kg m ) 1.06 1.17 1.17 1. 132_bcd 

Mean II 1.05A 1.16B 1.15B 1.12 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

IIv- h' . 'd 'h h .. 1.t 1.n rows, means aSSOC1.ate '''1.t t e same upper case letter are not 
to the S-N-K significantly different at the 5% level according 

multiple range test. 
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Table 54. Influence of Stage I and Stage II fertilization on percent 
nursery survival three months from lining-out (January 1982) 
(Experiment VI). 

Fertilizer Treatment 

T-1: 

T-2: 

T-3: 

T-4: 

T-5: 

T-6: 

T-8: 

(Control) 

(20-20-20, 300 ppm N) 

(20-20-20, 150 ppm N) 

-3 (Osmocote, 5.9 kg m ) 

-3 (Osmocote, 3.0 kg m ) 

-3 (Osmocote, 1.5 kg m ) 

(FDU, 2.7 kg m-3 ) 

-3 T-9: (IBDU, 1.4 kg m ) 

T-10: (SCU, 3.1 kg m- 3) 

T-11: (SCU, 1.5 kg m- 3) 

T-12: (SCU, 0.8 

Mean" 

-3 kg m ) 

Survival in Nursery (%) 
Stage II Fertilization (Osmocote kg m-3) 

o 1.48 2.97 Mean+ 

100.0 100.0 100.0 100.0a 

84.1 95.2 95.2 91.5a 

100.0 95.8 95.8 97.2a 

96.9 100.0 100.0 99.0a 

97.2 97.2 100.0 98.1a 

96.9 91. 9 96.4 95.1a 

96.4 96.4 100.0 97.6a 

100.0 100.0 93.8 97.9a 

100.0 100.0 95.2 98.4a 

95.0 95.0 100.0 96.7a 

100.0 100.0 90.6 96.9a 

97.0A 97.4A 97.0A 97.1 

+ Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

"Within rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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significant 'for node increase. Percent survival among the different 

Stage I fertilization treatments ranged from 91.5 percent for treat-

ment 2 (Peter's 20-20-20, 300 ppm N) to 100 percent for treatment 1 

(controls), with a mean of 97.1 percent (Table 54). The cuttings 

from treatment group two also rooted at a lower rate than did con-

troIs (Table 8). 

As of six months from lining-out (March, 1982), plants from 

the two Osmocote-ammended," Stage II treatments-were still signifi-

cantly greater in node number than were controls and were still not 

significantly different from each other in node number (Table 55). 

The ,same situation prevailed for leaf number per plant (Table 56). 

Increase in node number from January, 1982 to March, 1982 was signif-

icantly affected by nursery fertilization. Plants fertilized with 

2.97 kg m- 3 Osmocote had significantly greater increase in nodes than 

-3 those cuttings fertilized at 1.48 kg m (Table 57). The significantly 

greater increase in nodes for the plants fertilized at the high rate of 

Osmocote during Stage II is in contrast to the situation at three 

months from lining-out, when plants from both Osmocote treatments were 

comparable in increase in nodes (Table 53). This higher rate of in-

crease later in the growing period could result from longer nutrient 

release times resulting from higher concentrations of off-standard, 

thicker prills at the higher Osmocote level. Mean nursery survival 

dropped from 97.1 percent in January (Table 54) to 93.4 percent in late 

March (Table 58). Survival among plants from the three Stage II treat-

ment groups ranged from 90.3 percent (low level Osmocote) to 95.6 per-

cent (high level Osmocote) and differences were not significant. 
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Table 55. Influence of Stage I and Stage II fertilization on node num
ber per plant six months from lining-out (March 1982) 
(Experiment VI). 

Number of Nodes 'per Plant 
Stage I Sta~e II Fertilization (Osmocote kg m-32 

Fertilizer Treatment 0 1.48 2.97 Mean=f 

T-1: (Control) 9.41 14.82 15.64 13.28a 

T-2: (20-20-20, 30P ppm N) 11.93 16.36 15.63 14.64abc 

T-3: (20-20-20, 150 ppm N) 11.33 17.00 19.92 16.08abc 

T-4: (Osmocote, -3 15.44 20.72 19.11 18.42 5.9 kg m ) c 

T-5: (Osmocote, -3 3.0 k& m ) 14.87 14.04 15.83 14.91abc 

T-6: (Osmocote, -3 1.5 kg m ) 14.62 18.07 16.96 16.55 bc 

T-8: (IBDU, -3 2.7 kg m ) 10.45 ' 13.92 13.90 12.76a 

T-9: (IBDU, -3 1.4kgm) 10.21 16.95 17.63 14.93ab 

T-IO: (SCU, -3 3.1 kg m ) 12.79 15.95 17.33 15.36abc 

T-11: (SCU, -3 1.5kgm) 9.22 16.02 15.98 13. 74ab 

T-12: (SCU, 0.8 -3 kg m ) 11.83 15.58 17.29 14.90abc 

Mean 11 l2.01A 16.30B 16.78B 15.03 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

11 , h' , d 'h h 1 Wlt ln rows, means assoclate Wlt t e same upper case etter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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"Table 56. Influence of Stage I and Stage II fertilization on leaf num
ber per plant six months from lining-out (March 1982) 
(Experiment VI). 

Leaf Number per Plant 
Stage II Fertilization (Osmocote kg m-3) 

Fertilizer Treatment 0 1.48 2.97 Hean+ 

T-l: (Control) 16.13 26.61 26.52 23.09a 

T-2: (20-20-20, 300 ppm N) 20.10 28.58 26.62 25.l0abc 

T-3: (20-20-20, 150 ppm N) 20.39 29.00 34.59 27.99abc 

T-4 : (Osmocote, -3 27.64 36.29 32.33 32.09 5.9 kg m ) c 

T-5: (Osmocote, 3.0 -3 kg m ) 26.37 24.03 25.88 25.42ab 

T-6: (Osmocote, -3 1.5 kg m ) 26.42 31.82 29.27 29.17 bc 

T-8: (IBDU, 2.7 -3 kg m ) 18.48 24.47 23.84 22.26ab 

T-9: (IBDU, 1.4 -3 kg m ) 18.05 30.49 30.75 26.43abc 

T-lO: (SCU, 3.1 -3 kg m ) 23.59 28.25 30.68 27.5labc 

T-11: (SCU, 1.5 -3 kg m ) 16.03 27.75 28.84 24.20abc 

T-12: (SCU, 0.8 
~3 

kg m ) 20.76 27.03 29.00 25.60ab 

Mean II 21. 26A 28.57B 28.8lB 26.22 

+Hithin columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

#Hithin rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Table 57. Influence of Stage I and Stage II fertilization on increase 
in node number per plant from January to March 1982 
(Experiment VI). 

Node Increase per Plant 
Stage I Stage II Fertilization (Osmocote k~ m 

Fertilizer Treatment 0 1.48 2.97 Mean 

T-1: (Control) 1;11 1.19 1. 27 1.19 b 

T-2: (20-20-20, 300 ppm N) 1.06 1.13 1.10 1. lOa 

T-3: (20-20-20, 150 ppm N) 1.08 1.19 1.23 1. 17ab 

T-4: (Osmocote, 5.9 kg m -3) 1.16 1.11 1.18 1.15ab 

T-5: (Osmocote, 3.0 kg m-3) 1.11 1.14 1.14 1.13a 

T-6: (Osmocote, 1.5 -3 kg m ) 1.11 1.18 1.19 :[..16ab 

T-8: (IBDU, 2.7 -3 kg m ) 1.11 1.18 1.18 1. 16ab 

T-9: (IBDU, 1.4 
-3 kg m ) 1.10 1.14 1.22 1. 16ab 

T-10: (SCU, 3.1 
-3 kg m ) 1.15 1.19 1. 27 1.20 b 

T-l1: (SCU, 0.8 -3 kg m ) 1.12 1.21 1.26 1.20 b 

T-12: (SCU, -3 kg m ) 1.13 1.21 1. 28 1.20 b 

Mean /I 1.12A 1.17B 1.22C 1.17 

+~.Jithin columns, means associated with the same lower case letter "are 
not significantly different at the 5% level according to the S-N"K 
multiple range test. 

tI~.Jithin rows, means associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 

3) 
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Table 58. Influence of Stage I and Stage II fertilization on percent 
nursery survival six months from lining-out (March 1982) 
(Experiment VI). 

Survival in Nurser;i (%) 
Stage II Fertilization (Osmocote kg m-3) 

Fertilizer Treatment 0 1.48 2.97 Mean+ 

T-l: (Control) 96.7 100.0 100.0 98.9a 

T-2: (20-20-20, 300 ppm N) 79. If 84.1 95.2 86.2a 

T-3: (20-20-20, 150 ppm N) 95.8 75.0 95.8 88.9a 

T-4: (Osmocote, -3 5.9 kg m ) 87.5 93.3 100.0 93.6a 

T-5: (Osmocote, -3 3.0 kg m ) 97.2 93.1 97.2 95.8a 

T-6: (Osmocote, -3 1.5 kg m ) 93.8 88.8 90.2 90.9a 

T-8: (IBDU, -3 2.7 kg m ) 96.4 93.3 100.0 96.6a 

T-9: (IBDU, ·-3 1.4 kg m ) 100.0 100.0 93.8 97.9a 

T-lO: (SCU, -3 3.1 kg m ) 100.0 79.2 95.2 91.5a 

T-ll: (SCU, -3 1.5 kg m ) 90.0 86.4 100.0 92.la 

T-12: (SCU, 0.8 -3 kg m ) 100.0 100.0 84.4 94.8a 

Mean " 94.3A 90.3A 95.6A 93.4 

\Jithin columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

"Within rows, rnea~s associated with the same upper case letter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 
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Carry-over effects of Stage II fertilization were still signif-

icant as of six months from lining-out, but were of diminishing impor-

tance. Only Stage I treatments four and six continued to be 

significantly higher in node number than did controls. At the high 

Stage II rate of Osmocote, the gap between treated and control plants 

was definitely narrowing (Table 55). A similar picture emerges from 

the leaf number data (Table 56). Increase in node number between three 

and six months from lining-out was greatest for controls and the three 

sulfur-coated urea treatments (Table 57). The correlation between 

node number at lining-out and increase in nodes between three and six 

months from lining-out, for plants fertilized in the nursery at 2.97 

-3 kg m Osmocote, was negative and significant (r = -.60). Apparently, 

water and nutrients became limiting earlier for the lar8er, more hi8hly 

Stage I-fertilized liners than for controls and less highly Stage 1-

fertilized liners, e.g., the SCU-treated plants. The above points out 

the need to rapidly capitalize on gains made from encouraging growth 

during the rooting and early liner phases, if any real advantages are 

to be realized from rooting-stage fertilization. 

Nursery survival between three and six months from lining-out 

was generally lower for Stage I-fertilized plants than for controls 

(86.2 percent for treatment 2 plants versus 98.9 percent for controls). 

The overall mean survi',al as of six months was 93.4 percent (Table 58). 

Transplant Pre-fertilization and 
Stage III (Field) Establishment 

Five months after transplanting, there were no significant 

differences in Stage III survival between controls and plants fertilized 
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at either rate 'of Osmocote during Stage II (Table 59). Mean survival 

was 91.3 percent. Linear growth (height plus long and short axes) was 

significantly less for Stage II controls than for either group of 

Osmocote-treated transplants. Mean growth of the two groups of Stage 

II-fertilized plants was not significantly different and was 45.3 cm 

for the low level versus 43.1 cm for the high level of Osmocote (Table 

60). 

There was no significant difference in either mean survival 

(Table 59) or growth (Table 60) of transplants from different Stage I 

treatments. Mean Stage III survival over all three Stage II fertiliza

tion treatments ranged from a low of 77.8 percent for Stage I treatment 

2 (high rate of Peter's) to a high of 98.1 percent for Stage I treat

ment 4 (high rate of Osmocote) (Table 59). Survival of Stage I 

control plants (treatment 1) was markedly improved by addition of 

Osmocote to the nursery medium (Table 59). 

Main effects of Stage I fertilization treatments on Stage III 

growth were not significant. Stage II by Stage I interactions were. 

A strong Stage III growth response to Stage II fertilization was shown 

by Stage I controls five months after transplanting (Table 60). Only 

two treatments out of the total of thirty-three showed more growth five 

months after transplanting, than Stage I controls fertilized at the 

high rate of Osmocote during Stage II. Only one treatment showed less 

growth than Stage I controls not fertilized during Stage II (Table 60). 



Table 59. Influence of Stage I and Stage II fertilization on jojoba 
transplant field survival five months from transplanting 
(September 1982) (Experiment VII). 

Survival in Field- (%) 
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Stage I Stage II Fertilization (Osmocote kg ~=3) 
Fertilizer Treatment 0 1.48 2.97 Mean+ 

T-l: (Control) 77 .8 89.0 100.0 88.9a 

T-2: (20-20-20, 300 ppm N) 75.0 83.3 75.0 77 .8a 

T-3: (20-20-20, 150 ppm N) 93.3 91.7 100.0 9S.0a 

T-4: (Osmocote, -3 5.9 kg m ) 94.3 100.0 100.0 98.la 

T-5: (Osmocote, -3 3.0 kg m ) 94.3 81.0 83.3 86.2a 

T-6: (Osmocote, -3 1.5 kg m ) 94.3 100.0 82.3 92.2a 

T-8: (IBDU, -3 2.7 kg m ) 83.0 100,0 94.3 92.4a 

T-9: (IBDU, 1.4 -3 kg m ) 88.7 83.3 100.0 90.7a 

T-10: (SCU, -3 1.5 kg m ) 100.0 93.3 94.3 95.7a 

T-ll: (SCU, -3 0.8 kg m ) 89.0 100.0 89.0 92.7a 

T-12: (SCU, -3 kg m ) 89.0 100.0 100.0 96.3a 

Mean II 89.0A 92.4A 92.6A 91.3 

\Jithin columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

IIWithin rows, means associated with the same upper case letter are not 
significantly different at the 5% level ac(:ording to the S-N-K 
multiple range test. 



Table 60. Influence of Stage I and Stage II fertilization on jojoba 
transplant linear growth (height + long + short axes) five 
months from transplanting (September 1982) (Experiment VII). 

Linear Growth (cm) 
Stage II Fertilization (Osmocote kg m-3) 

Fertilizer Treatment o 1.48 2.97 Mean+ 

T-l: 

T-2: 

T-3: 

T-4: 

T-5: 

T-6: 

T-8: 

(Control) 

(20-20-20, 300 ppm N) 

(20-20-20, 150 ppm N) 

(Osmocote, 5.9 kg m-3) 

-3 (Osmocote, 3.0 kg m ) 

-3 (Osmocote, 1.5 kg m ) 

(IBDU, 2.7 kg m-3 ) 

T-9: (IBDU, 1.4 kg m-3 ) 

-3 T-lO: (SCU, 3.1 kg m ) 

T-ll: (SeU, 1.5 kg m-3) 

. T-12: (SCU, 0.8 

Meantl 

-3 kg m ) 

30.9 

43.0 

35.1 

42.4 

35.5 

35.9 

31. 9 

36.3 

37.4 

30.4 

42.1 

36.3A 

39.9 49.5 40.9a 

36.4 43.7 39.2a 

53.0 49.0 45.2a 

47.3 52.1 47.3a 

36.6 35.1 35.7a 

54.4 35.4 42.6a 

40.9 46.3 40.2a 

49.7 39.4 41.5a 

48.4 41.7 42.0a 

48.9 40.4 40.3a 

40.7 41.8 4l.5a 

45.3B 43.lB 41.5 

+Within columns, means associated with the same lower case letter are 
not significantly different at the 5% level according to the S-N-K 
multiple range test. 

#W' h' . d . h h 1 lt ln rows, means assoclate Wlt t e same upper case etter are not 
significantly different at the 5% level according to the S-N-K 
multiple range test. 



SUMMARY AND CONCLUSION 

The objective of this work was the determination of factors af-

fecting growth of jojoba cuttings during and after rooting. The bulk 

of work concerned the effect of nutrition during rooting (particularly 

using controlled-release fertilizers) on growth, mineral contents and 

physiological processes of jojoba cuttings. The effects of media, 

light and nursery-stage nutrition were also investigated. 

Cuttings taken and transported in order to maximize shoot water 

potential did not root or grow better than control cuttings. Cuttings 

taken early in the morning and transported inside moist paper towel 

and polyethylene, inside iced coolers, rooted less and showed less 

root growth as of lining-out than those transported in paper bags in-

side of the same coolers. The mean water potential 'of the former group 

at insertion was -14 bars versus less than -41 bars for the latter. 

Leaf contents of N, P and K were reduced after 12 weeks under 

intermittent mist and approached deficiency levels. This occurred pri-

marily during the spring. 

When compared to growth of controls, mineral nutrition during 

rooting was very effective in enhancing shoot growth and somewhat ef-

fective in enhancing root growth as of lining-out. Fertilization dur-

ing rooting did not result in unbalanced shoot growth in relation to 

-3 root growth, but one treatment, IBDU at 5.46 kg m ,consistently de-

pressed rooting. Effects of rooting-stage fertilization on growth were 

still detectable three to six months from lining-out. 

177 
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Mineral uptake of N, P and K was greatly enhanced at lining-out, 

particularly by Osmocote and Peter's-soluble formulations. Sulfur

coated urea (36-0-0) was effective in increasing leaf N contents at 

lining-out. Significant differences in leaf element contents were not 

detectable after three months growth in the nursery. 

Leaf contents of N, K and to a lesser degree P were well

correlated with both shoot and root growth at lining out. Leaf con

tents of Zn were well-correlated with shoot and root growth only during 

the spring rooting period. After three months growth in the nursery, 

shoot growth was not significantly correlated with leaf contents of N, 

P or K and had significant, negative correlations with leaf Ca, Band 

Ba. Root dry weight at harvest showed significant, negative correla

tions with leaf contents of N, K, Ca, Cu, and B. 

Fertilization during rooting did not enhance apparent photo

synthesis or dark respiration in any consistent manner. Apparent 

photosynthesis, dark respiration and root respiration did change dur

ing vegetative propagation and were related to root growth. Apparent 

photosynthesis declined steadily after insertion of cuttings, and then 

increased in direct proportion to root growth as rooting advanced. 

Root respiration followed the same trend. Dark respiration declined 

after insertion and remained stable at a relatively low rate. Dark 

respiration did not increase as rapidly as photosynthesis upon rooting. 

Photosynthesis and respiration were well correlated at most times 

during the rooting process. Leaf succulence and photosynthesis were 

well correlated during a large part of the rooting period. 
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Increasing air porosity of the nursery media from 18.5 to 27.6 

percent did not enhance liner growth as of 3, 6 or 12 months from 

lining-out. 

Liners grown under 50 percent shade showed less growth than 

plants in full sun. Liners grown under shade were more succulent, 

greener, and had lower specific leaf weights than those grown in full 

sun. 

Nursery fertilization with Osmocote 19-6-12 (3 to 4 month re-

-3 lease) at either 1.48 or 2.97 kg m enhanced nursery growth over that 

of control liners. However, no significant differences were found be-

tween fertilizer treatments in field survival after five months. Growth 

of transplants in the field after five months was greater for liners 

fertilized at either Osmocote rate in the nursery. Liners never ferti-

lized during rooting, when grown in Osmocote-amended nursery media, 

grew at a faster rate than those fertilized'during rooting. However, 

the rooting-stage control plants were still smaller than plants from 

several rooting-stage fertilizer treatments at three months from lining-

out. When liners were grown in Osmocote-amended media, most advantages 

of rooting-stage fertilization were no longer evident after six months 

in the nursery. Survival and growth of transplants after five months 

in the field was not significantly affected by rooting-stage nutritional 

treatments. 

Jojoba cuttings subjected to frequent misting over a period of 

10 to 12 weeks had markedly reduced tissue contents of N, P and K unless 

these nutrients were supp-lied during rooting. Early growth following 
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rooting was directly related to leaf concentration of these nutrients, 

especially Nand K. Zinc, Mn and B were also related to early growth 

of rooted cuttings particularly during the spring. Deficiencies can be 

overcome if proper nutrition is applied to the liners in the nursery 

stage. However, time required to reach plantable size may then be in

creased significantly. 

If advantages from rooting-stage fertilization are to be gained, 

it is important that plants not remain in the nursery for an excessive 

period of time. Plants should not remain in the nursery for more than 

3 months before transplanting to the field. Rooting-stage fertilization 

may prove especially beneficial in the rapid production of transplant

able liners from very small cuttings. Improvement of response is 

likely from the use of longer release-duration formulations (7 to 8 

months), both in the rooting stage and/or in the nursery. 
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- -- - -- ---

EC x 103* 
Ion Ca Hg Na CL S04 HC03 C03 N0

3 
B F IDS pH SAIl" mmho!em 

ppm 39 4.5 16 10 18 156 0 2 0.03 0.14 244 7.4 0.639 

meq/l 1. 95 0.37 0.69 0.28 0.37 2.55 0 0.14 2.4 

*According to U. S. Salinity Lnboratory classification, this water is classified as C
2
S], which is a 

medium salinity - low sodium water. lIowever, the high bicarbonate level is likely to cause salt 
deposition on the leaves. 

I-' 
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Treatment 
and 

Replication 

TlRl 
TlR2 
T2Rl 
T2R2 
T2R3 
T3Rl 
T3R2 
T4Rl 
T4R2 
T4Rl 
T4R2 
T6Rl 
T6R2 
TdRl 
T8R2 
TdR3 
T9Rl 
T9R2 
TlORl 
TllRl 
TllR2 
Tl2Rl 
T12R2 

Total 
Mean 

Sun-grown 

4.06 
3.70 
4.29 
3.97 
5.22 
4.37 
4.62 
4.62 
5.15 
4.94 
4.57 
4.54 
4.09 
4.36 
4.46 
4.40 
4.57 
4.17 
4.20 
4.17 
3.99 
4.35 
4.21 

101. 25 
4.39 

Nodes* per Liner 
Shade-grown 
non-infested 

3.36 
3.67 
3.92 
4.23 
4.56 
4.12 
3.94 
:>.00 
4.74 
4.15 
3.83 
4.15 
4.47 
3.82 
3.71 
3.50 
3.51 
3.77 
3.66 
3.87 
4.51 
3.64 
3.74 

91.87 
3.99 

Shade grown, 
all plants 

3.36 
3.51 
3.92 
4.04 
4.10 
3.78 
3.71 
4.27 
4.30 
4.17 
3.87 
3.85 
4.32 
3.82 
3.91 
3.41 
3.79 
3.75 
3.55 
3.66 
3.55 
3.62 
3.55 

87.81 
3.82 

Comparison 1: Sun-grown vs shade-grown uninfested; 

So = 0.09, t = 4.44** 

Comparison 2: Shade-grown uninfested vs all shade-grown; 

So = 0.002, t = 65.0** 

Comparison 3: Sun-grown vs all shade-grown; 

S- = 0.004, t = 142.5** 
D 

* Numbers are square roots of nodes per liner 
*~~ 

Significant at the .01 level 
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Water Analysis 

Solu 
EC

3 
x salts Hi11igrams Eer liter 

10 ppm pH Ca Hg Na C1 5°4 HC0
3 

C0
3 

F N0 3 Pb SAR 

0.86* 556 7.9 60 11 111 78 165 112 6 0.5 66 .024 3.46* 

Soil Ana1;isis 

Saturation Extract 
Solu 

ECe 3 salts Na K % % % 
pH " 10 ppm meq/l meq/l ESP N0

3 
P04 sand silt clay 

7.6 1.11 777 21. 0 0.77 0.26 61.6 15.9 81.1 9.2 9.7 Loamy sand 

"According to the U.S. Salinity Laboratory (U.S. SalinIty Lab Staff, 1954), this '«lter is 
classified as C3S1, high salinity-low sodium water. The bicarbonate is high enough to be 
a potential problem in overhead irrigation. 
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---· ----~ -------- ------·- ------ ----- ·----·- - - --- - -- ----·- - ·---- ----- · · - - - - -~- · - --- - --- ·- ·-- - -- ·-- - ... -- - - - - - - ·- -- ---- - ·· - - -

Leaf ElL~ m< ! nt Hepetition -------- -- _ __ _________ _I_~_!:}ente_!l_t Concentration _____ ____ _ ___ . -·- ----·--- _________ _______ _ 
~.Q.!l_«:;_e_n_t;rati_Ojl __ _ __l_l _ __ j'l ___ _ _!'__ ____ K _____ ~a _ _ llg S H!l Fe _ __::Cc::u:___ _ __;Zn __ _ ll _____ _ N_a ___ _ AI __ -----·- _ 

1 

A2 .47 
B .63>'< 

p 

c3 .84** 
D4 . 82>'n~ 

K A .61 * . 61''' 
B .76** . 76''* 
c .60* . 4 5 
D . 93** .86** 

Ca A .18 .33 .25 
B .09 . 521< . 36 
c . 77''* . 75''* .22 
D .06 .35 .15 

Mg A .15 . 63'' . 501< .63* 
B .47 . 72** . 71 >b~ .65* 
c . 20 .11 . 34 .44 
D .09 .44 .24 .62* 

s A 
B .69** .6)>'< .94** .45 .67** 
c 
D 

1-4 Spring 1980, 1981; Summer 1980, 1981 

...... 
00 
00 



---·---·-------·---------------
Leaf Elemen t Leaf El emen t Concent r ation -------------- -----
Conc~n~_ration _ ___!l_-__ _ii _ ___ P ___ _E_ __ _ s:__a __ l_1_g_ s Hn Fe Cu _7~-- -- n ___ - _f\I_<!.. ____ Al_ __ __ _ 

Mn A . 58 * . 83 ·~* . 72** .25 . 68** 
B .36** . 55* .64* .25 . 37 .6 5* 
c .08 -. 02 . 21 .19 .6 7** 
D . 22 - . 03 .20 - . 50* -.35 

Fe A . 36 -. 32 -. 10 -. 33 -.40 .10 
B . 76** . 68** . 81** . 54* . 77** .861<* . 71** 
c .06 -. 12 .06 . 20 .53* . 78·~* 
D .31 .16 .40 -. 36 -.22 .89** 

Cu A . 38 . 69** . 70** . 59* .48 . 55* - . 43 
B . 30 . 34 . 31 . 36 . 65** .28 . 28 . 56* 
c - . 43 -.42 - . 44 -.24 -.09 . 23 .49 
D - .01 .38 . 22 . 43 .45 -.16 . 18 

Zn A .87** .66** .8Q•b~ . 21 . 43 . 84 >~-~ . 15 .56* 
B .84 ** .5 7 .81** .20 .63* . 93** . 70** .87** . 38 
c .24 .03 .50* . 16 .62* .69** .44 . 03 
D . 36 .12 . 39 - . 27 - .09 . 81** . 88*'~ .04 

B A .45 .60* .61* . 65* .72** .70** .06 . 57* . 67** 
B . 59* . 82•~ * .58* . 5 7 >~ . 68** . 50* .61* . 78** . 72** . 51* 
c . 35 .29 . 32 . 61* .83** . 50* .30 - . 29 . 48 
D - . 20 - ,08 -.21 -.05 . 26 -. 38 - .54* - . 10 - . 44 

l - 4: Spring 1980, 1981; Sununer 1980, 1981. 



Leaf Element Repetition Leaf Element Concentration ------ ----------
Concentratioq II- N K Ca Ng s Nn Fe Cu Zn B Na A_L_ 

Na A .01 .08 .40 -.37 .03 .16 .23 .ll . 17 -.01 
B .62* .13 .43 -.04 .07 .38 .72** . 32 .24 .48 . .23 
c .81** . 79 >b~ .45 .57* -.14 -.40 -.33 -.28 -.08 .03 
D .52* .64 * . 67** .01 .32 -.19 .11 . 50 '~ -.0] .00 

A1 A .19 .28 .so . 73 >b~ . 76'~* .42 -.22 . 57 ·~ . 35 • h9•'"~ .24 
B .06 -.21 -. O!~ .4 3 .07 .33 .28 .28 .03 .19 .47 
c .19 -.03 .21 . 31 .53* .11 .60* . 92** . 39 .40 .25 -.12 
D -.08 -.1 2 .07 -.11 -. 22 . 27 .54 .2 3 .40 -.85* '~ .11 

Ba A . 26 . 6 7>';;'; .6l * . 68*·~ .68** .49 -.51 >'; . 83 •'•1• .41 . 56* .06 . 62 '"' 
B .37 . 84 ·~1; .h4* . 77** .80** .59* .45 . 631• .45 .40 . 81** .09 .13 
c . 79** 8?)\-,'(' .26 .96** . 37 .04 .01 -.28 .08 . 57 '' . 71 '~* .15 
D .56* . h2'~ . 53 . 77** .SO* -.42 -.32 .21 -.11 . 06 .24 - .32 

1=4Spring T§!f0-:1981;5ununer f980, "19M --- --- ---·----
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Root Element Repetition Root Element Concentration 
Concentration II- N K Ca Hg s Nn Fe Cu Zn B Na Al 

p A .19 
B .41 
c . 68 ;\)~ 
D .61* 

K A -.03 .66 '' 
. 69 '~* . 52 >'< 

c • 77** .48 
D . 39 .48 

Ca A -.10 -. 58* -.03 
B -.47 -.43 -.10 
c -. 73 '~ * -.45 -.44 
D -.23 .03 .44 

~1g A -.10 -. 7Q :h~ -.49 . 74** 
B -.56* -.38 -. 38 . 72** 
c -. 78 :'ci< -.29 -.56* .90** 
D -.42 . Oh .15 .71** 

A 
B . 37 . 39 .110* -.41 
c 
D 

1-4: Spring 1980, 1981; Summer 1980, 1981 



------------ --- - ----
··- - ---------- -

Ele ment Repetition Root Element Conc r,_ntration Root ------ -·-
Conce[!tratiqn II- N K _s;a Hg s Nn Fe Cu Zn _!L_ __ N_~--- -'-\_] __ -- -

Nn A .25 .40 .41 . 34 .11 
B -.03 .13 -.14 -.0 5 .03 -.37 
c -.61* -.13 -.22 .5fP . 56•'• 
D -.28 .16 .48 .82** .92** 

Fe A . 35 .03 -. 36 -. 36 .04 .20 
B -. 64·~ -. 39 -.62* .17 .73** -.59* .06 
c -.43 -.16 -. 32 -.01 .14 .62 1• 
D -.34 . 21 .09 .47 .94** .81** 

Cu A -.21 .54* .11 . 51·~ .29 -.04 -.10 
B -.14 .01 .24 .69** .44 -.24 . 52·~ -.03 
c -.27 -.18 -.18 -.1() -.08 .49 .96** 
D .02 .49 . 44 .82** .67* .75** .49 

Zn A .12 -.08 -.J4 -.48 -.23 -.25 .64* .05 
B -. 39 -.54* -.J) .00 . 34 -.25 -.31 .63* -.33 
c -.11 -.18 -. 21 -.26 -.12 .25 .72* . 7 7 ·~* 

D -.23 -.27 .23 .43 .25 .43 .18 . 19 

B A -.03 -. 36 -.30 -.07 .18 -.66f•* -.18 -.10 .13 
B . 39 .22 .60•'< -. 28 .21 -.37 . 36 .27 .08 -.07 
c .50* . 30 .49 -.52•'< -.63* -.18 .17 . 30 .17 
D .49 .46 .46 .40 -.21 -.02 -.37 .45 .18 

1-4: Spring 1980, 1981; Surruner 1980, 1981 



Root Eleme nt Re petition Roo t Element Con centration 
~..Q!1~~1l_l:]"il_t_i_g_n __ ll.=_ __ N p K Ca Ng s !-In Fe Cu Zn B Na A1 

Na A . 58•'• .19 . 36 . 14 -.1 3 . 35 . 11 - .02 - . 12 -. 09 
B .59* .13 . 68·~ .09 - .15 . 05 . 31 - .44 .1;9 - .23 . 24 
c . 52~' . 92 -~~' .22 - . 33 - . 16 - .11 -. 15 -.18 -. 22 . 12 
D . 06 .11 . 73** . 39 .44 . 6 8 •b~ .44 . 33 . 59 -. 01 

A1 A . 32 -.05 - . 42 - . 34 . 15 .08 .91** - .02 . 74•\* - . 08 -.03 
B - . 70 1"'' - . L14 - . 5S•'' . 26 . 68>'<~< - .33 - . 37 • H(>1't' -. 21 . 68*>'< -. 05 -.67* 1' 

c -.65•'' - . 03 -. 62·~ . LID . 68 ·~·~ . 66•';;~ . 70>'n'; .50* . 39 -.28 . 10 
j) -. 39 . 15 .00 • Ll) . 93*''' . 78•'"'' . 99·~~, .119 .17 - .41 .40 

Ba A . 15 - .11 - . 01 . 48 .04 . 30 -.43 - . 07 -.4 7 -.10 . 09 - . 60·~ 
13 .08 . 06 . 41 . 52 •'< . 25 - . 06 .49 - .20 . 84** - . 43 - .04 . 48 -. 04 
c - . 74•';;', -.46 -.45 . 99 ,· .. ~ .90** .47 -.02 - . 1.6 -. 24 -. 60* - . 33 .38 
D -. 21 . 18 .41 . 8 3>'o\ . 86•~* . 89•~* . 76** . 84** . 31 .20 .52 .74** 

1-4 : Spring 1980, 1.981. ; Summer 1980 , 1981 
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Root Eleme n t Repe t i t ion Lea f Element Concentration -- ---- -· 
Concentration II- N p K Ca Mg s Hn Fe Cu Zl1 Na Al Ba 

N 
1 

. 16 . 38 . 08 .46 . 30 A2 . 54·~ . 06 . 52* .04 . 29 . 13 . 21 .09 
B- .52 * . 64 -~ . 56·~ .11 . 31 . 36 .5 7* . 35 . 00 . 34 .49 .t.o - . Oh .5 ·F 
c3 .56* .61 >'< . 04 .41 - .48 -.40 -.17 . 12 - . 22 - . 23 . 78 ''''' - . 06 .47 
D4 . 81 ·~-~ . 7 1·"~ . 75*•'< . 25 .26 . 19 . 37 . 18 . 51-~ - . 40 .40 .12 . 59 •'< 

p A . 63 >'< .93** .5 7* . 36 . 57* . 7 5 ·~* -. 06 . 61* . 70*>'< . 62•'< .13 . 27 . 67** 
B - .05 . 59·~ . 08 .50 .20 . 00 . 10 . 09 .02 -. 16 .48 -.17 - . 06 . 57* 
c .83*1< .961dc . 37 . 72** -.07 -.16 -. 23 -.42 - .11 .22 . 84** - .1 5 . 82 •'<-f< 
D . 48 .63>'< . 39 .52 . 55>'< . 06 .09 . 28 . 00 - . ~8 . 23 .01 .50 

K A . 29 .84** .61* . 39 .51* . 77** -.39 . 75** .52* . 58 ·~ .::>4 - . 34 . 62>'< 
B .62* .91** .85** .'.4 7 .68** .75** . 57* .70** .18 . 65* . 70 ·b~ . 19 - .09 . 83* ~' 

c . 50* . 51* . 25 .2 7 -. 36 -. 08 . 15 .07 -.07 -.28 . 48 . 22 . 21 
D . 02 .00 - .05 - .:07 . 17 .57* .52* . 17 .5 3* -.29 - .22 .13 - . 28 

Ca A - . 55* -.45 -. 11 .12 .04 -. 21 -.29 - . 0 7 -.43 - . 16 . 01 . 30 . 04 
B - . 27 -.31 . 04 .03 .20 .0 7 -. 34 -. 01 . 12 . 00 -.18 -. 28 . 18 .02 
c -.30 -. 23 . 14 - .11 .76** . 48 . 35 -. 04 .32 .47 - . 50* .31 -. 16 
D - . 61* - .56>'< - . 541< . 34 .15 -.04 .00 .14 .09 -. 36 -.52 ·~ .49 - . 29 

Hg A - .45 - . 77* -. 54•' - .09 -.37 - .53 .25 -. 51•' -. 57 1' - . 36 - . 14 -.08 - .37 
B - .70* - .57* -. 32 -.1 5 -.26 -. 22 -. 75** -.48 - . 36 -.38 -.66* -.51 '' -.] 1 -.31 
c -.14 -. 11 . 35 -. 04 .80** .53* .24 -. 26 . 47 . 531' -.38 . 22 - . 06 
D - . 63 - .48 -. 55* .31 . 31 .01 -.09 -. 01 . 01 -. 16 - .57>'< .28 -.22 

1-4: Spring 1980 , 1981; Summer 1980 , 1981 



---~- ·---· ---- -·------------ ·--

Root Element Repetition Leaf Element Concentration 
Con£ng.t.r<I!: ion II- N p K Ca _____~'!_&_ s Nn Fe Cu z_~---~ - -- ---~a ____ :~----~a ___ 

A 
B .66** . 8)>'<* . 55>'< .41 .55* .45 .54* .68** .54* .52* . 85''"'' .16 -.12 . 61 * 
c 
D 

Hn A .38 . 36 .44 .59* .63* .48* -.25 .49 .48 . 46 -.02 .66 '~* .66* 
B -.26 -.29 -.19 -.02 -.29 .01 .19 -.08 -.13 -.08 -.14 .10 .28 -.11 
c .11 -.09 .41 .14 .58* .62* .45 -.24 .30 . 59>'< -.33 .37 .03 
D -.59* -.54* -.56* . 20 ! .27 .20 .07 .00 .18 -.22 - . 60>~ .27 -.33 

Fe A .70** -.18 .02 .08 -.17 .04 .50* -.15 .43 .05 -.32 -.10 -.22 
B -.64 >~ -. 64'~ -.45 -.42 . -.57* -.36 -.75** -.63* - .51* -.39 -.84** -.46 -.42 -. 68 1=>~ 

c .03 -.27 .31 -.10 .02 -.07 -.23 -.45 -.02 . 18 -.11 -.18 -.13 
D -.43 -.31 -.39 .22 .28 .16 .02 -.08 .10 -.17 -. 53 1• . 21 -.15 

Cu A -.20 -.29 - .04 -.36 -.41 -.07 -.23 -.04 -.12 -. 42 -.03 -.24 -. 34 
B -.17 -.04 .14 .19 .18 .31 .02 .22 .08 . 14 .]0 -.21 . 22 .28 
c .00 -.32 . 23 -.15 -.14 -.19 -.26 -.32 -.09 .06 -.Oh .-. 20 -.17 
D -.40 -.29 -.42 .55* .24 -.12 -.13 .10 -.08 -.53* -.44 .40 .05 

Zn A . 37 -.11 -.04 -.37 -.10 .14 .41 -.37 . 34 -.06 -.12 -. 28 -.57''' 
B .01 -.38 .00 -.30 -. 34 .07 -.28 -.12 -.42 .12 -.58>~ .0 2 -.11 - .6fl'' 
c .03 -.33 .29 -.19 -.13 -.20 -.12 .04 -.01 -.14 .14 .03 -. 14 
D -.19 -.58>~ -.26 -.14 -.46 .48 .26 -.24 . 34 -.15 - .57>~ .09 -.26 

1-4: Spring 1980, 1981; Summer 1980, 1981 



-- - ~~- -- - - -- - -- - -- ------------ ------- --- - -
- ~ - - --------- - ---- - -- -----
i\uut Element Repe tition Leaf Element ·concentration 
~ : n~c_':'_!:lt_r_al i on II- N p K Ca Hg s ~In Fe Cu• Zn B Na A1 Ba 

B A -.41 -. 36 -.55* -.24 - .31 -.45 .32 -.65* -.59* -.29 -.15 -.42 -.641; 
B -.40 -.1 6 -.23 -.31 -.50* -.29 -.24 -.43 -.62* -.40 -.33 -.27 -.30 -.17 
c . 32 . 17 -.08 . 17 -.49 -.61* -.19 .26 -.62* -.31 .40 -.04 .15 
D .20 .18 . 20 . 36 -.13 .07 .30 . 39 .20 -.66* . 05 .50 .21 

Na A . 41 .17 .67** .48 . 32 .35 .19 .46 .45 .57* .32 .65* . 31 
B .50* . 39 .58* .11 .20 .60* .64* .42 -.25 .49 .23 .33 .14 .42 
c . 6 7'''* . 86 >~ * . 31 .67** .05 -.15 -.30 -.44 -.05 .42 .73** -.27 . 80** 
D -.16 -. 34 -.24 -.17 .01 .76** • 52* -.14 .61* -.12 -.53* -.02 -.33 

A1 A . 58 '~ -.25 -.11 -.20 -.26 .07 .67f<* -.37 . 39 .00 -.17 -.21 -.46 
B -.53* -.50* -. 3V -.26 -.32 -. 34 -.80** -.47 -.22 -.33 -.63* -.48 -.38 -.54* 
c .13 -.02 .48 .12 .53* .23 -.11 -.62* . 31 .54* -.10 -.05 .13 
D -.45 -.] 1 -.4~ .21 .23 .11 -.06 -.13 .02 -.15 -.55 ·~ .16 -.14 

Ba A -.40 -.02 .13 . 31 .44 -.12 ~ -.66** .10 -.30 -.10 .10 . 39 .46 
B -.01 . 21 .42 .47 . 54 >'; . 56·~ .22 .45 . 32 .38 . 31 -.02 .26 .55* 
c -. 34 -.25 .17 -.18 . 73'~* .48 . 30 .00 . 36 .43 -.50* .24 -.21 
D -.60* -.48 -. 58•~ .28 .08 .15 .11 .13 . 14 .48 -.61* .50 -. 30 

1-4: Spring 1980, 1981; Surruner 1980, 1981 
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