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Salinity Effects on Vegetative Growth, Seed Yield, and Fatty Acid Composition of Crambe 
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ABSTRACT 
Agronomic development and crop diversification may promote an 

increased acreage of crambe (Crambe abyssinica Hochst. ex R.E. 
Fries) in the USA. To determine whether crambe can be grown 
successfully on saline soils, a 2-yr-field-plot study was conducted. 
Five cultivars and three germplasm releases were grown with four 
salinity treatments imposed on a Pachappa fine sandy loam (mixed, 
thermic, Mollic Haploxeralf). Electrical conductivities of the irri- 
gation waters, containing NaCl and CaCI, (1:l by weight), were 0.9, 
3.7, 5.4, and 7.9 dS m-I. Seed yield, vegetative growth, and fatty 
acid composition of the seed oil were measured. Seed yield showed 
no statistical reduction over the salinity range tested each harvest 
year. Differences between harvest years were statistically signifi- 
cant. Analysis of the combined 2-yr data showed a 6.5% reduction 
of seed yield for each unit increase in soil salinity above 2.0 dS m-'. 
lhese results place crambe in the moderately sensitive salt tolerance 
category. Individual seed weight was significantly reduced by sal- 
inity for six of the eight cultivars or germplasms studied. Increased 
salinity did not significantly affect the erucic acid component of the 
seed oil, but did significantly reduce the oleic, linolenic, and eico- 
senoic components. 

RAMBE is one of several crops targeted in the 1984 
Critical Agricultural Materials Act (PL 98-284) 

as a potential source of agriculturally produced in- 
dustrial products. Crambe seed oil contains erucic 
acid, which is used in the fabrication of plastics, lu- 
bricants, synthetic fibers, resins, and a number of 
other industrial products (1). At present, imported 
rapeseed (Brassica napus L.) oil is the major source 
of this fatty acid in the USA. 

Initial field trials to determine the agronomic po- 
tential for crambe in the USA were conducted in the 
early 1960s (1). Since then, additional studies have 
been conducted on genetic characteristics (3,12,19), 
plant management (1 6,22), and detoxification of 
1 hioglucosides in the seed meal (1 0,13,20). 

Continued agronomic development of crambe and 
1 he need for crop diversification due to surpluses may 
promote increased acreage of crambe in the USA. 
These plantings may be on soils where salinity prob- 
lems already exist or may develop. This field-plot 
study was initiated because of the lack of information 
pertaining to plant and seed yield of crambe under 
saline conditions. 
LE. Francois, USDA-ARS, U.S. Salinity Lab., 4500 Glenwood 
Drive, Riverside, CA 92501; R. Kleiman, USDA-ARS, Northern 
Regional Res. Center, 1815 N. University, Peoria, IL 61604. Con- 
fribution from the U.S. Salinity Lab., Pacific West Area, USDA- 
ARS, Riverside, CA in cooperation with the Northern Regional Res. 
Center, Midwest Area, USDA-ARS, Peoria, IL. Received 17 Nov. 
1989. *Corresponding author. 

Published in Agron. J. 82:lllO-1114 (1990). 

METHODS AND MATERIALS 
This study was conducted at the U.S. Salinity Laboratory, 

Riverside, CA on a Pachappa fine sandy loam. The plants 
were grown in 4.2-by-4.2-m-field plots that were enclosed by 
concrete borders which extended 0.75 m into the soil. Walk- 
ways, 0.9 m wide, and good vertical drainage effectively iso- 
lated the treatments in each plot. 

Prior to planting, triple superphosphate at the rate of 73 
kg P ha-' was mixed into the top 0.25 m of soil. To ensure 
adequate N and K fertility throughout the experiment, 0.7 
mM Ca(N03)* and 1.0 mM KN03 were added in every ir- 
rigation. 

Five cultivars, Meyer, Indy, Prophet, BelAnn and Bel- 
Enzian, and three germplasm releases, C-22, C-29, and C-37, 
were planted into level plots on 15 May 1984 and 16 May 
1985. Each plot contained three rows of each entry. Rows 
were spaced 0.16-m apart, with the seeds placed 10 mm apart 
within the row. At the two-leaf stage of growth, the stand 
was thinned to about eight plants meter' of row, approxi- 
mating 500 000 plants ha-'. 

The experimental design consisted of four treatments rep- 
licated three times in a randomized split-plot design, with 
salinity as main plots and entries as subplots. Before plant- 
ing, all plots were differentially presalinized with irrigation 
waters identical to those used during the course of the ex- 
periment. To assure good germination, 50 mm of nonsaline 
water (0.9 dS m-I) was applied to all plots immediately after 
planting to leach salts from the top 0.15 m of soil. 

Twenty days after planting, when the plants were at the 
two-to three-leaf stage of growth, differential salination was 
initiated by applying imgation waters containing equal 
weights of NaCl and CaC1,. To dlow the plants to adjust 
osmotically, irrigation water salinity (kJ was increased step- 
wise for the first two irrigations until desired salt levels were 
achieved. The average electrical conductivities of the four 
treatment waters (k,,,,) for the 2 yr were 0.9 (control), 3.7, 
5.4, and 7.9 dS m-l (referenced at 25 "C). To keep the soil 
matric potential of the control treatment above -85 J kg-I, 
a 5 l-mm depth of irrigation water was applied to each plot 
every 7 to 10 d for a yearly application of 406 mm. 

Electrical conductivity of the sat urated-soil extract (kJ was 
determined on soil samples taken three times each year clur- 
ing the growing season. Samples were taken within the plant 
row in 0.3-m increments to a depth of 0.9 m. The average 
k, for each of the three depths for both years is presented in 
Table 1. 

The mean high temperature from planting to initial flow- 
ering (41 d) was 31.0 "C in 1984 and 29.6 "C in 1985. Low 
temperatures for the same period were 15.0 and 13.4 "C. 
During flowering (10 d), the mean high temperature was 
37.0 "C in 1984 and 38.2 "C in 1985. From flowering to seed 
maturation, the mean high and low temperatures were 36.5 
and 20.8 "C in 1984, and 34.8 and 17.2 "C in 1985, respec- 
tively. 

Daily thermal units (TU) were calculated from daily max- 
imum ( Tma) and minimum (T,,,,,) air temperatures using the 
following function 

TU = (Tina, + Tm,*)/2 . [I1 
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Daily thermal units were summed to determine accumulated 
thermal units (ZTU) for the vegetative, flowering, and mat- 
uration stages of growth. 

To determine seed and forage yield, the middle 2-m sec- 
tion of the three rows of each plot was harvested on 13 Aug. 
1984 and 7 Aug. 1985. Harvested plant material was dried 
in a forced-air drier at 70 "C. After drying, the plant material 
was weighed and the seed removed, cleaned, and weighed. 
Individual seed weight was determined on seed enveloped 
by a pericarp. Forage yield was determined by difference 
between the original plant weight and final seed weight. 

Mature, fully expanded leaves were sampled on 2 July 
1984, when the plants were in full bloom. Leaves exhibiting 
marginal necrosis were separated from noninjured leaves 
sampled from the same plants. The samples were washed, 
dried at 70"C, and finely ground in a blender. Chloride 
contents were determined on 0.1 Mnitric acid in 1.7 Macetic 
acid extracts of the leaf material by the Cotlove (7) coulo- 
metric-amperometric titration procedure. Nitric-perchloric 
acid digests of the ground leaves were analyzed for P by 
molybdovanadate-yellow colorimetry (1 l), and Na, Ca, Mg, 
and K by atomic absorption spectrophotometry. 

Oil composition was determined on a subsample of C-37 
seed harvested each year, using the American Oil Chemist's 
Society's official Method Ac 3-44 (2). Fatty acid composition 
was measured by converting the triglycerides to methyl esters 
with methanolic sodium methoxide and subsequent analysis 
of the products by gas chromatography. A 50 M CP Sil-84 
(Chrompack International B.V., Middleburg, Netherlands) 
capillary columnl with a 0.25-mm i.d. was used. It was pro- 
grammed from 120 to 240 "C at 5 "C min-' in a Spectra- 
Physics model SP7 100 gas chromatograph equipped with a 
flame-ionization detector. Chromatograms were integrated 
using a Spectra-Physics model SP 4270 integrator (Spectra- 
Physics, Inc., San Jose, CA). Identification of the fatty acid 
components was made by the use of equivalent chain lengths 
and known standards. Data were statistically analyzed using 
a multivariate statistical analysis (9). 

Calculated coefficients for unequally spaced treatments 
were used to determine single degree of freedom compari- 
sons for 100-seed weights and leaf mineral composition. 

RESULTS AND DISCUSSION 
Seed Yield and Vegetative Growth 

None of the cultivars or germplasms tested showed 
a significant reduction in seed yield over the salinity 
range tested for either harvest year. However, when 
seed yield data were combined for the 2 yr, a significant 
reduction was apparent (data not presented). The av- 
erage seed yield obtained on the control plots was 0.9 
and 1 .O Mg ha-' for 1984 and 1985, respectively. These 
yields are comparable to those reported for field trials 
in 1984 at Experiment, GA and Knoxville, TN, in 
which the same cultivars and germplasms were used 
(5,6). Additional field trial at Ames, IA, Lincoln, NE, 
Moscow, ID, and Prosser, WA, in 1983 and 1984 re- 
ported seed yields 50 to 100% higher than those ob- 
tained in this study (5,6). Our data, compared to that 
from the various field trials, would confirm that 
crambe development occurs best at the relatively cool 
summer temperatures of the northern states (1). 

Although seed yield showed no statistical reduction 
over the salinity range tested each year, a statistical 
difference occurred between harvest years. This dif- 

Mention of a proprietary product is for the convenience of the 
reader and does not imply endorsement by USDA-ARS. 

Table 1. Average electrical conductivities of the saturated-soil ex- 
tracts (kJ for 2 yr with four saline irrigation waters. 

Irrigation water salinities (kid dS m-l 
Soil sample 
deoth 0.9 3.7 5.4 7.9 

0-0.3 
0.3-0.6 
0.6-0.9 
Average 

0-0.3 
0.3-0.6 
0.6-0.9 
Average 

1984 - 
1.0 f 0.2 4.0 ? 0.2 5.0 f 0.3 6.7 f 1.1 
0.9 f 0.3 3.1 f 0.4 4.8 f 0.1 6.2 f 0.6 
1 . 1 f 0 . 4  2 . 1 f 0 . 2  3 . 8 f 0 . 2  5 . 1 f 0 . 7  
1.0 f 0.3 3.1 f 0.2 4.6 f 0.1 6.0 f 0.1 

1.0 f 0.2 3.1 f 0.5 4.3 f 0.4 7.2 k 0.9 
1.0 f 0.1 3.4 f 0.4 4.5 f 0.1 7.5 f 1.4 
1.2 f 0.2 2.8 ? 0.5 4.3 f 0.6 7.2 f 1.1 
l . l f O . l  3 . 1 f 0 . 1  4 . 4 f 0 . 2  7 . 3 f 1 . 0  

1985 - 

ference could not be directly attributed to the high 
daily temperatures associated with the vegetative, 
flowering, or maturation stages of growth, since the 
high daily temperatures were nearly identical both 
years. However, the accumulated daily TU for two of 
the three stages of growth were higher in 1984 than 
1985. In 1984, the total accumulated TU during the 
growing season was 2160, with 943 units occurring 
during the vegetative, 275 during flowering, and 942 
during maturation growth stages. In 1985, the season 
total was 2035 with 878,276, and 881 occurring during 
the same respective growth stages. Although the dif- 
ference between TU each year is not great, it may be 
enough to account for the difference in seed yield be- 
tween years. Since crambe seed yield appears to be 
sensitive to high temperatures, the TU formula may 
need to be modified to take into consideration a max- 
imum high temperature above which temperatures 
may limit plant growth. Such a model has been re- 
ported for tomatoes (Lycopersicon esculenturn Mill.) 
(14). At present, a high limiting temperature has not 
been reported for crambe. 

Although increased salinity did not significantly re- 
duce total seed weight, individual seed weight (ex- 
pressed as the weight of 100 seeds with pericarp) was 
significantly reduced for C-22, C-29, Meyer, Indy, 
BelAnn, and Prophet (Table 2). Seed weight for the 
control treatment (1.1 dS m-') was approximately 30% 
less than that reported for good-quality seed (640 mg 
loo-' seed-') (1) and is attributed to the high temper- 
atures during seed maturation. Previous studies have 
shown that the seed pods are either unfilled or contain 
only partially developed seeds when crambe seed is 
grown under conditions other than optimum (1). 

Although a significant difference in average seed 
yield existed between some cultivars or germplasm in 
both 1984 and 1985, a statistical analysis of average 
seed yield for combined years showed no significant 
difference among cultivars or germplasms (Table 3). 

Since the combined seed yield for the two harvest 
years showed no statistical difference among cultivars 
or germplasms, the data for all cultivars and germ- 
plasms were combined by salinity treatment and ana- 
lyzed with a piecewise linear response model ( I  5,24). 
The combined data indicate a tolerance threshold, Le., 
the maximum allowable k, without a decline in seed 
yield, of 2.0 dS m-I, with a 6.5% reduction in seed 
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- Table 2. Individual seed weight (with pericarp) of eight crambe cultivars or germplasms grown in 1985 at four salinity levels. 
- 

Cultivars-Germplasm 

Soil salinitv df c-22 BelEnzian c-37 C-29 Mever Indv BelAnn Proohet 

k 100-seed weight 

d!3 m-I 

1.1 
3.1 
4.4 
7.3 
- Analysis of variance 

S II i n i t y 3 
Linear 1 
Quadratic 1 
Cubic 1 

Error 6 - 

..a6 

44 1 435 463 417 440 464 467 46 1 
435 453 448 412 417 423 423 423 
414 400 406 373 385 382 409 422 
397 417 394 315 385 372 379 379 

- Mean squares 

1.24; 1.56 3.27 6.67; 2.19; 5.32; 3.96; 3.34;;; 
3.00** 1 .00 8.99 19.00;; 5.008 14.00;; 11.00** 10.00*** 
0.00 0.00 0.00 1 .OO 1 .oo 2.00 1 .00 0.00 
0.00 3.00 1 .oo 1 .oo 0.00 1 .00 0.00 0.00 
0.24 1.75 1.74 1.14 0.78 0.74 0.73 0.06 - 

*,**,*I* Statistically significant at P = 0.05, 0.01, and 0.001, respectively. 

Table 3. Average seed yield and vegetative growth of eight crambe 
cultivars or germplasms tested for salinity tolerance for 2 yr. 

Cultivar or germplasm 1984 1985 2-yr average 

c-22 
BelEnzian 
c-37 
C-29 
Meyer 
Iridy 
BelAnn 
Prophet 

Mg ha-' 

0.71ab; 
0.77a 
0.67ab 
0.73ab 
0.62ab 
0.70ab 
0.59b 
0.64ab 

Seed yield 
0.99a 
0.88ab 
0.96a 
0.87ab 
0.95a 
0.85ab 
0.92ab 
0.79b 

0.85a 
0.82a 
0.8 1 a 
0.80a 
0.79a 
0.77a 
0.76a 
0.72a 

Vegetative growth 
c-22 3.69a 4.59a 4.14a 
c-37 3.90a 4.30a 4.10a 
BelEnzian 3.71a 4.46a 4.08a 
Indy 3.82a 4.27a 4.04a 
BelAnn 3.51a 4.54a 4.02a 
C-29 3.77a 4.06a 3.92a 
Prophet 3.50a 4.1 8a 3.84a 
Meyer 3.53a 4.09a 3.81a 

* Means with same letter in column for seed yield or vegetative growth are 
- 

not significantly different at P = 0.05 (Duncan's multiple range test). 

yield for each unit increase in salinity above the 
threshold (Fig. 1). Relative yield, Yr, can be calculated 
with the function presented in Fig. 1 for any k, ex- 
ceeding the threshold of 2.0 dS m-'. 

According to the salt tolerance categories established 
by Maas and Hoffman (15), crambe is classified as 
moderately sensitive to salinity. This places crambe 
in the same category as all other Cruciferae that have 
been tested for salt tolerance (1  5). 

During both years of the study, vegetative growth 
showed no significant reduction over the salinity range 
tested nor among cultivars and germplasms (Table 3). 
In addition, a regression analysis of the data showed 
no correlation between plant size and seed yield. 

Oil Analysis 
Oil percentage and fatty acid composition of the 

germplasm C-37 is presented in Table 4. The percent 
oil in seed harvested (seed plus pericarp) from the 
control treatment in 1985 was nearly identical to the 
oil percentage reported for C-37 seed harvested at Far- 

1984-1985 mean - o - 
for K, 2 2.0 dSlm 

0- 
0 2 4 6 6  

K, (d&'m) 

Fig. 1. Relative seed yield of crambe as a function of increasing isoil 
salinity. 

go, ND and Lexington, KY in 1983 (6). However, it 
was approximately 20% lower than seed harvested at 
Moscow, ID and Prosser, WA (6). These location clif- 
ferences, as well as the significant difference between 
years in this study, are attributed to the differences in 
climatic conditions. Other oil seed crops, such as flax 
(Lznum usitatissimum L.) and safflower (Carthamus 
tinctorius L.) have been reported to produce rather 
wide differences in oil content caused by variable cli- 
matic conditions during seed formation (21,23). 

Like seed yield, oil percentage was not significantly 
reduced (P > 0.05) over the salinity range tested. HOW- 
ever, within years, the data indicate a trend towiud 
lower seed oil content when the plants were grown 
under saline conditions. 

The erucic acid component of the oil was not af- 
fected significantly by salinity, but was slightly higher 
in all treatments in 1985. These levels, as well as that 
of the control treatment in 1984, fall within the 51 to 
60% range for erucic acid in crambe oil reported by 
Massey and Jellum (16), McGregor et al. (1 7), and 
McKillican (1 8). The percentage of erucic acid for all 
salinity treatments over both years fall within the 46 
to 53% range reported for C-37 (6). 

Oleic, linolenic, and eicosenoic were the only fatty 
acids significantly affected by salinity. In general, as 
salinity levels increased, the percent of oleic and ei- 
cosenoic acid in the oil tended to increase, while the 
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Table 4. Oil percentage and fatty acid composition of C-37 crambe seed grown at four salinity levels in two different years.? 

Fatty acid 

Soil salinity (t) Oil Oleic (18l)f Linoleic (18:2) Linolenic (18:3) Eicosenoic (201) Erucic (22:l) 

dS m-I % 

1 .o 
3.1 
4.6 
6.0 

1.1 
3.1 
4.4 
7.3 
cv 
p > f l  

15.8 
12.9 
12.1 
13.7 

21.1 
19.8 
18.8 
17.4 
12.6 

16.7 
19.0 
19.0 
19.4 

1984 
10.7 4.5 
11.4 3.8 
11.1 3.7 
11.1 3.7 

- 

1985 
16.3 10.4 5.1 
16.8 10.4 4.9 
17.1 10.2 4.7 
18.2 10.1 4.6 
5.5 4.5 6.3 

4.9 
6.7 
6.3 
6.5 

4.4 
4.7 
4.9 
5.7 

11.1 

52.4 
47.4 
49.0 
48.2 

53.6 
53.3 
54.0 
51.3 
4.0 

Treatment 0.0749 0.0078 0.6203 0.0041 0.0045 0.0621 
Year O.OOO1 0.0024 0.0006 0.0001 0.0002 0.0005 

t The 1984 and 1985 mean percentage for six other oils that were not significantly affected by salinity were: palmitic (16:O) = 2.9 and 2.4; stearic (180) = 1.3 

$ Saturation ratio = C numberhnsaturated bonds. 
Q Probability of obtaining a greater F value than that which is observed. 

and 1.0; Arachidic (200) = 1.2 and 1.0; behenic (220) = 1.8 and 2.0; lignoceric (240) = 0.9 and 0.8; nervonic (241) = 1.6 and 1.7. 

Table 5. Average mineral composition of leaves from eight crambe cultivars or germplasms grown at four salinity levels in 1984. 

Soil salinity (k) df C1 Na Ca Mg K P 

dS m-l 

1 .O 
3.1 
4.6 
6.0 

3.1 
4.6 
6.0 
Analysis of variance 

Salinity 
Linear 
Quadratic 

Error 

Salinity 
Linear 
Quadratic 

Error 

mmol kg-I dry wt 

Noninjured leaves 
352 171 598 100 758 88.5 
807 323 688 52 756 96.1 
988 379 75 1 41 719 76.4 

1127 483 715 39 612 68.6 
Injured leaves 

906 443 757 -t 734 75.1 
1074 496 769 - 720 63.9 
1160 614 747 - 598 60.6 

Mean squares$ 

Noninjured leaves 
3 341.67*** 51.02*** 12.88 2.47'"' 14.10' 0.45 
1 989.06*** 151.08*** 28.63' 6.22*** 30.70'** 0.84* 
1 34.64' 0.11 8.00 1.17' 11.12' 0.32 
6 4.42 4.42 4.23 0.19 1.64 0.12 

Injured leaves 
2 49.95*** 23.06 0.36 - 16.91 0.17 
1 97.20*** 43.63 0.15 - 27.36 0.32* 
1 2.71 2.49 0.58 - 6.46 0.03 
4 3.27 12.17 0.47 - 4.93 0.05 

*,**,*** Statistically significant at P = 0.05, 0.01, and 0.001, respectively. 
t Not determined. 
$ Table values must be multiplied by IO3. 

percent of linolenic acid tended to decrease. With these 
shifts in the fatty acid composition of the oil, the per- 
cent of oleic and eicosenoic were higher and linolenic 
lower than the percentages reported by other research- 
ers (16,17,18). 

Leaf Injury and Mineral Composition 
Approximately 30 d after salination was initiated 

each year, a reddening occurred on the margins of 
older leaves of plants irrigated with 3.7, 5.4, and 7.9 
dS m-' water. As the reddening became more severe, 
the outer margin of the leaves became necrotic. An 
interveinal spot reddening and necrosis also developed 
on the 5.4 and 7.9 dS/m-treated plants. The extent of 

the injury was correlated directly to the salinity treat- 
ment. The leaves never became completely injured. 

Mineral analyses of injured and noninjured leaves 
sampled in 1984 are presented in Table 5. Increased 
soil salinity caused a significant increase in leaf Na 
and Cl and a significant decrease in Mg and K. Al- 
though not significantly affected, Ca tended to increase 
and P tended to decrease with higher salinity levels. 
These results agree with previously reported leaf min- 
eral analysis of other crucifers (4,8). 

SUMMARY 
The results of this study indicate that crambe is 

moderately sensitive to soil salinity. Therefore, it can 
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be grown successfully only on soils that are either non-
saline or slightly saline. The erucic acid component of
the oil, for which the crop is grown, is not significantly
affected by soil salinity up to 7.3 dS m~'.
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