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ABSTRACT
Guar [Cyamopsis tetragonoloba (L.) Taub] seed is an important

source of galactomannan gum used in food and industrial products.
Increased demand and an insufficient domestic supply has led to an
increased interest in this crop in the semi-arid western USA where
many soils are, or have the potential to become, highly saline. This
study was conducted to determine the effect of soil salinity on veg-
etative growth and seed yield of two cultivars, 'Kinman' and 'Esser,'
grown under field conditions. Six salinity treatments were imposed
on a Holtville silty clay [clayey over loamy, montmorillonitic (cal-
careous), hyperthermic Typic Torrifluvent] by irrigating with waters
salinized with NaCl and CaCl2 (1:1 by weight). Electrical conduc-
tivities of the irrigation waters were 1.3, 2.5, 5.0, 7.4,10.0, and 12.4
dS/m during the 1st yr, and 1.2, 2.5, 4.5, 5.5, 6.5, and 7.5 dS/m
during the 2nd yr. Seed yield of both cultivars was unaffected by
soil salinity up to 8.8 dS/m (mean electrical conductivity of the sat-
urated-soil extracts in the rootzone). Each unit increase in salinity
above 8.8 dS/m reduced seed yield by 17%, which places guar in
the moderately tolerant category for seed production. Reduction in
the number of pods per plant and weight per seed were the primary
factors contributing to reduced yields. Vegetative growth was de-
creased 9.6% for each unit increase in salinity above 4.9 dS/m. Plant
emergence was determined in greenhouse sand cultures with irri-
gation waters of 0.8, 4.4, 8.5,11.3,15.7, and 18.8 dS/m. Emergence
was unaffected by salt levels up to 8.5 dS/m; greater levels delayed
but did not significantly reduce the percent emerged.

GUAR was first introduced into the USA from India
in 1903 as a green manure crop (10), but since

the mid 1940s interest has expanded to its use as a
source of galactomannan gum (2). The crop is now
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grown primarily for the gum, which is extracted from
the endosperm of the seed. Although the best known
use of this gum is as a stabilizer in a number of food
products, a larger volume is used industrially in cloth
and paper sizing, ore flotation, and as a friction-re-
ducing additive in drilling mud for the petroleum in-
dustry.

Guar is characterized as a warm-weather, drought-
tolerant, deep-rooted summer annual legume adapted
to the semi-arid regions of the western and south-
western USA (25). At present the main production
areas in the USA are in northwest Texas and south-
west Oklahoma, with smaller production areas in
southern Texas and southern Arizona. Currently,
these areas produced only about one-quarter to one-
third of the domestic demand for guar gum (9,18).

This short domestic supply and the search for al-
ternative crops by growers has increased the interest
in guar. Plantings in the western and southwestern
United States are being considered on soils where sal-
inity problems already exist or may develop. Although
preliminary salt tolerance studies of guar have been
conducted in the laboratory or greenhouse for ger-
mination (17,23) and vegetative growth (12,15) of
guar, salt tolerance data are not available to predict
yield responses in the field. Therefore, this field plot
study was initiated to determine the effect of soil sal-
inity on vegetative growth and seed yield. A separate
greenhouse study was conducted to determine seed-
ling emergence in salinized sand cultures.

METHODS AND MATERIALS
Field plot studies were conducted in 1984 and 1985 at the

Irrigated Desert Research Station, Brawley, CA, on a Holt-
ville silty clay. Detailed description of the 6.0- by 6.0-m plots
used in this study have been previously published (7,8).

Published May, 1990

kailey.harahan
Typewritten Text
1079



588 AGRONOMY JOURNAL, VOL. 82, MAY-JUNE 1990 

Table 1. Average electrical conductivity of the saturated-soil extracts (K.) for 2 yr with six saline irrigation waters. 

Soil sample 
depth 

cm 
0-30 

30-60 
60-90 

Average 

Soil sample 
depth 

1984 
Irrigation water salinity (riW) - dS/m 

1.3 2.5 5.0 1.4 10.0 12.4 

dS/m (K.) 

2.2 f 0.27 3.6 f 0.6 6.6 k 0.4 9.5 f 1.0 11.8 f 0.9 12.8 f 0.6 
6.2 f 0.2 9.1 f 0.4 12.8 f 1.2 14.0 k 0.4 14.2 k 1.8 15.4 f 0.8 
3.9 f 0.4 5.6 f 0.6 10.5 f 0.1 14.8 f 0.8 15.8 f 0.4 18.0 k 2.1 

15.4 k 1.0 4.1 k 0.2 6.3 k 0.3 10.0 k 0.5 12.8 f 0.3 14.0 f 0.5 

1985 
Irrigation water salinity - dS/m 

1.2 2.5 4.5 5.5 6.5 1.5 

cm dS/m (KJ 

0-30 2.2 f 0.3 3.4 f 0.1 5.1 f 0.3 6.5 f 0.3 1.6 f 0.5 8.8 f 0.3 
30-60 6.9 k 0.0 10.7 k 0.2 14.0 f 0.8 13.0 k 0.6 13.3 k 1.5 15.1 f 1.4 
60-90 5.2 k 0.5 8.0 k 0.4 13.2 f 1.6 14.5 f 0.9 14.0 k 1.6 14.8 k 1.3 

Average 4.1 f 0.3 1.4 f 0.1 11.0 f 0.3 11.3 f 0.4 11.6 f 0.8 12.9 k 0.9 

t Means *SE of 12 samples. 

Prior to planting, triple superphosphate was mixed into 
the top 0.25 m of soil at the rate of 73 kg P/ha. Because 
salinity adversely affects nodulation and nitrogen fixation of 
some legumes (4), Ca(NO,), was added at the rate of 0.14 
kg N/ha/mm of water applied at every irrigation. 

The two cultivars used in this study, Kinman and Esser, 
were developed cooperatively by the USDA-ARS and the 
Texas and Oklahoma Agricultural Experiment Stations (1 9). 
Both cultivars were released in 1974. 

Five rows of each cultivar were planted in level plots on 
18 May 1984 and 21 May 1985. The seeds were placed ap- 
proximately 50 mm apart in rows that were 0.5 m apart. 
This population density (40 plants/m2) was chosen as the 
result of population studies conducted in Oklahoma in the 
early 1960s (1 1) and in Arizona in the 1980s (1). 

The experimental design consisted of six treatments rep- 
licated three times in a randomized split-plot design, with 
salinity as main plots and cultivars as subplots. At planting, 
the soil salinity ( K ~ ,  electrical conductivity of the saturated- 
soil extract) averaged to a depth of 1.2 m for the six treat- 
ments in 1984 were 3.5, 5.2, 8.1, 10.5, 12.2, and 14.0 dS/m; 
while in 1985 they were 4.1, 6.3, 10.0, 12.8, 14.0, and 15.4 
dS/m. To assure good germination both years, 70 mm of 
low salinity water (1.3 dS/m) was applied to each plot im- 
mediately after planting to dilute and leach salts from the 
top 0.15 m of soil. Approximately 5 d after the initial irri- 
gation, all plots were sprinkle irrigated with < 15 mm of low 
salinity water to prevent soil crusting from hot, dry winds. 

Differential salination was initiated on 6 June 1984 and 
26 June 1985 when the plants were approximately 60 mm 
tall by applying a half-strength saline imgation. Ten days 
later, the first full-strength saline irrigation water containing 
equal weights of NaCl and CaC1, was applied. The average 
electrical conductivities of the six irrigation waters ( K ~ ~ )  in 
1984 were 1.3 (control), 2.5, 5.0, 7.4, 10.0, and 12.4 dS/m. 
The salinity of the imgation waters was decreased to 1.2, 
2.5, 4.5, 5.5, 6.5, and 7.5 dS/m in 1985 because of the large 
yield reduction obtained in 1984. During both growing sea- 
sons, all plots were flood irrigated every 2 to 3 wk with 65 
to 80 mm of water to keep the matric potential of the control 
treatments above -85 J/kg in the 0.15- to 0.3-m zone. A 
neutron probe and tensiometers were used to monitor soil 
water content and matric potential and to guide imgation 
frequency. 

Soil samples were collected from each plot approximately 
8, 16, and 24 wk after salination was initiated. Two soil cores 
per plot were taken 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 monthly mean daytime-high temperatures in 1984 
ranged from 41 "C in July and August to 31 "C in Novem- 
ber; monthly mean nighttime low temperatures for the same 
period ranged from 25 to 9 "C. During the 1985 growing 
season, the monthly mean high temperatures were 43 "C for 
July and August and 29 "C for November, with correspond- 
ing low temperatures of 25 and 7 "C, respectively. 

Canopy closure measurements were taken visually every 
3 to 4 wk, from mid-June to mid-October. Ten random 
measurements were taken of each cultivar in each plot. At 
the time the last canopy closure measurements were made 
each year, plant height measurements were also taken. In 
1984, a stand count was also made to determine plant sur- 
vival within each treatment. 

Plants were harvested on 6 Nov. 1984 the 1st yr and on 
22 Nov. 1985 the 2nd yr. Pod yield and vegetative growth 
of each cultivar were determined in a 4.6-m area harvested 
from the center of each half of each plot. The pods were 
hand-harvested, weighed, and threshed. In 1984, the pods 
were also counted. After threshing, the seed was cleaned and 
weighed. After pod removal, the remaining vegetative 
growth was weighed and a sub-sample taken to determine 
water content. The subsample was dried in a forced-air drier 
at 70 "C. 

Mature, fully expanded leaves were sampled from each 
cultivar on 1 1 July 1984 and 9 August 1985. The leaves were 
washed, dried at 70 "C, and finely ground in a blender. Chlo- 
ride contents were determined on 0.1 M HNO, in 1.7 M 
CH,COOH extracts of the leaf material by the Cotlove (5) 
coulometric-amperometric titration procedure. Nitric- 
perchloric acid digests of the ground leaves were analyzed 
for P by molybdovanadate-yellow colorimetry (1 3) and Na, 
Ca, Mg, and K by atomic absorption spectrophotometry. 

Seedling emergence of the two cultivars at different sal- 
inities was tested in greenhouse sand cultures at Riverside, 
CA. Twenty-five seeds of each cultivar were planted ap- 
proximately 13 mm deep in each sand tank on 27 May 1985. 
Irrigation solutions containing equal weights of NaCl and 
CaC1, were surface-applied 4 times each day. The sand was 
completely saturated each irrigation. The drainage solutions 
were collected in corrugated polyethylene tile lines located 
in the bottom of each tank and returned to 565 L reservoirs 
for recycling the, next irrigation. Salinities of the irrigation 
waters were 0.8 (control), 4.4, 8.5, 1 1.3, 15.7, and 18.8 dS/ 
m. Each salinity treatment was replicated 3 times. Since the 
washed sand used in this study possessed negligible exchange 
capacity, the electrical conductivity of the soil water ( K ~ ~ )  

was the same as that of the irrigation water (~d. The im- 
gation and drainage waters were monitored daily to assure 
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Table 2. Seed vield parameters of two guar cultivars grown at six soil salinity levels in two different years. 

Soil Seed Totalpod Pod Pods/ 100-seed Seed Totalpod Pod Pods/ 100-seed 

dSlm 

salinity (K.) yield weight number plant weight yield weight number plant weight 

g/m2 - number/m2 number g number/m2 number g g/m2 ~ 

1984 
4.1 
6.3 

10.0 
12.8 
14.0 
15.4 

1985 
4.7 
7.4 

11.0 
11.3 
11.6 
12.9 

_. 

- 

Kinman Esser 

242 445 1686 174 2.73 269 495 2112 177 2.34 
269 496 2165 175 2.63 242 46 1 208 1 174 2.37 
253 445 1622 129 2.76 250 448 1818 134 2.56 
92 162 944 72 2.62 97 173 916 86 2.41 
39 69 438 66 2.44 36 66 399 58 2.34 
22 41 266 31 2.42 29 55 321 40 2.27 

319 518 -$ -# 3.17 
318 53 1 - - 3.02 
227 392 - - 2.81 
155 271 - - 2.71 
116 199 - - 2.67 
71 125 - - 2.67 

-# 2.99 
- 3.02 335 554 - 

219 389 - - 2.79 
142 254 - - 2.79 
121 208 - - 2.83 
97 169 - - 2.82 

298 477 -$ 

Analysis of Variance 
Mean squares 

Seed§ Total pod§ Pod1 Pods/ lOO-~eed Seed§ Totalpods Podll Pods/ 100-seed 
source df yield weight number plant weight yield weight number plant weight 

1984 
Salinity 5 39.27t 129.69t 1.72t 10.92t 0.06t 37.68t 128.867 2.077 10.47t 0.03 

Linear 1 157.247 533.26t 6.91t 51.94t 0.18t 159.04t 556.257 9.24t 50.027 0.01 
Quadratic 1 26.77t 77.03t 1.26t 1.91* 0.06** 15.49t 47.49t 0.75t 1.98 0.1188 
Cubic 1 5.78t 21.46t 0.35* 0.37 0.01 1.06 6.38* 0.11 0.25 0.00 

Error 10 0.25 0.63 0.04 0.37 0.01 0.41 1.16 0.04 1.01 0.01 

1985 

Salinity 5 32.75t 85.247 - - 0.137 29.02t 72.48t - - 0.03 
Linear 1 135.22t 337.16t - - 0.62t 113.067 260.86t - - 0.1288 
Quadratic 1 18.87t 60.09t - - 0.00 18.52t 61.45t - - 0.00 
Cubic 1 0.15 0.22 - - 0.00 5.16 10.88 - - 0.03 

Error 10 0.60 1.92 - - 0.01 1.27 3.86 - - 0.01 

*,**,t Significant at the 0.05, 0.01, and 0.005 levels of probability, respectively. 
$ Not determined. 
§Table values must be multiplied by IO'. 
ll Table values must be multiplied by 106. 

Kinman Esser 
- 

- 

that the salinities were the same. Greenhouse air temperature 
during the study ranged from 16 "C at night to a high of 
31 "C during the day with a mean of 24 "C. Plant counts 
were made daily over a 10-d period. 

RESULTS AND DISCUSSION 
Seed Yield 

Seed yields of Kinman and Esser grown under con- 
trol conditions (K,  = 4.1 dS/m) were comparable each 
year, with the highest yields in 1985 of 319 and 298 
g/m2, respectively, (Table 2). Kinman yields in 1984 
(242 g/m2) were comparable to the 206 g/m2 reported 
for an irrigation-population study in 1983 and 1984 
at the University of Arizona Maricopa Agricultural 
Center (l), if the difference in plant population is taken 
into account (40 vs. 26 plants/m2). Environmental fac- 
tors and imgation water salinity were nearly the same 
at both locations. 

Seed yield of both cultivars was significantly reduced 
at soil salinity levels above 10 dS/m both harvest years 
(Table 2). As salinity levels increased, the associated 
seed reduction of both cultivars was attributed pri- 
marily to a reduction in the number of pods/plant. 
The number of seeds/pod, which can be derived from 
the 1984 data in Table 2, also decreased at salinity 
above 10 dS/m and contributed to yield reduction. 

A Esser 1 
16 20 0 4 8 12 

K, (dS/ml 

Fig. 1. Relative seed yield of two guar cultivars as a function of 
increasing soil salinity. 

Some reduction in individual seed weight (weight/lOO 
seeds) occurred, but its contribution to reduced seed 
yield was small, particularly with Esser. 

Grain yield data for each cultivar for the two years 
was statistically analyzed with a piecewise linear re- 
sponse model (22). The data indicate that the tolerance 
thresholds (the maximum allowable K, without a yield 
decline), and the yield decline above the thresholds 
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Table 3. Vegetative parameters at maturity for two mar cultivars mown at six soil salinities in two different vears. 

Soil salinity (K.) 

Vegetative Vegetative 
growth Plant Canopy Mature growth Plant Canopy Mature 

(dry weight) height closure plants (dry weight) height closure plants 

dS/m 

1984 
4.1 
6.3 

10.0 
12.8 
14.0 
15.4 

1985 
4.7 
7.4 

11.0 
11.3 
11.6 
12.9 

- 

s/m2 m 96 no.lm2 p/m2 m 96 no./m2 
Kinman Esser 

488 1.14 97 32.0 
380 1.07 85 31.3 
302 0.79 30 29.3 
144 0.46 23 26.7 
83 0.35 15 23.3 
49 0.34 5 20.0 

549 1.04 95 -$ 
425 0.93 88 - 
232 0.73 67 - 
191 0.62 52 - 
144 0.55 38 - 
111 0.41 30 - 

Analysis of variance 
Mean sauares 

420 1.22 95 34.7 
38 1 0.99 83 34.7 
149 0.43 22 32.0 
149 0.43 22 28.0 
88 0.38 15 27.3 
58 0.3 1 6 21.3 

620 1.04 100 -$ 
516 0.89 93 - 
283 0.70 82 - 
177 0.58 60 - 
146 0.48 43 - 
139 0.42 35 - 

Vegetative5 Vegetative5 
growth Plantll Canopy5 Mature growth Plantll Canopy5 Mature 

source df (dry weight) height closure plants (dry weight) height closure plants 

Kinman Esser 
1984 
Salinity 5 93.25t 391.12t 4.48t 67.02t 69.13t 410.78t 4.277 79.877 

Linear 1 457.68t 1906.337 21.37t 294.25t 342.78t 2005.83t 20.30t 342.19t 
Quadradic 1 1.29 5.61 0.38t 36.13 1.01 43.53t 0.40t 45.38t 
Cubic 1 0.03 35.78 0.0s 3.31 1.29 0.73 0.07* 2.99 

Error 10 2.08 8.07 0.01 9.02 1.94 2.24 0.01 2.27 

1985 

- 

- 
Salinity 5 90.53t 169.74t 2.lOt - 127.61t 172.14t 2.17t - 

Linear 1 446.68t 780.187 9.lOt - 608.75t 805.00t 8.34t - 
Quadradic 1 0.54 46.06t 0.74t - 1.73 16.00 l . l O t  - 
Cubic 1 0.93 2.91 0.00 - 10.48 0.00 0.06 - 

Error 10 1.75 3.01 0.01 - 6.93 3.43 0.02 - 
*,t Significant at the 0.05 and 0.005 levels of probability, respectively. 
$ Not determined. 
5 Table values must be multiplied by lo-' 
ll Table values must be multiplied by lo-'. 

were nearly the same for both cultivars. Therefore, the 
seed yield data for both cultivars for both years were 
combined and analyzed. The combined data indicated 
a threshold of 8.8 dS/m and a yield decline of 17% for 
each unit increase in salinity above the threshold (Fig. 
1). Relative yield, Yr, can be calculated with the fol- 
lowing equation 

Y, = 100 - 17.0 (K,-8.8) where K, L 8.8 dS/m. 

The yield response curve (Fig. 1) does not fall within 
a single salt tolerance category as established by Maas 
and Hoffman (14). The threshold value places guar in 
the tolerant category, but because of the very steep 
slope, the curve drops sharply into the moderately tol- 
erant category when K, exceeds 9.4 dS/m. Guar appears 
to behave like several other legumes (e.g., bean, pea- 
nut, soybean) in that seed yields drop rapidly once soil 
salinity values exceed the threshold (14). This sensi- 
tivity may be related to the capability of legumes to 
set pods under salt stress. The data for guar indicate 
that pod set is very sensitive to salt stress once the 
threshold is exceeded. A salt tolerance study on cow- 
pea showed that yield reductions resulted almost en- 
tirely from a decrease in the number of pods (24). 

Vegetative Growth 
Reduction in vegetative growth, associated with in- 

creasing levels of salinity, was nearly identical for the 
two cultivars each growing season (Table 3). The com- 
bined 2-yr cultivar data indicate an average threshold 
of 4.9 dS/m and a reduction in vegetative growth of 
9.6% for each unit increase in K, above that threshold. 
These data show vegetative growth is more sensitive 
to salt stress than seed production, which suggests that 
photosynthate distribution to the seed may be less af- 
fected by salinity than vegetative growth. A K, of 8.8 
dS/m, the threshold for seed yield, would reduce veg- 
etative growth by 37%. Stafford and Seiler (20) have 
reported that vegetative traits such as plant height, 
primary branching, and number of racemes/plant un- 
doubtedly influence seed yield to some degree, but are 
not direct components of yield. 

Although all plots contained 20 plants per meter of 
row at the time salination was initiated, salinity sig- 
nificantly reduced the number of plants that reached 
final maturity (Table 3). This plant loss, as well as a 
significant reduction in plant height, left a large por- 
tion of the field without canopy cover at the higher 
salinity levels. Francois (6) has shown with cotton 
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Table 4. Mineral composition of leaves from two guar cultivars grown
at six soil salinities in 1984.

Soil Salinity
to Cl Na Ca Mg

dS/m

4.1
6.3
10.0
12.8
14.0
15.4

4.1
6.3
10.0
12.8
14.0
1S.4

Source

- mmol/kg dry weight -
Kinman

25
65
126
212
373
483

16
63
145
204
390
463

3.7
3.7
3.8
4.4
13.2
13.2

1029
1021
1096
1220
1324
1363

Esser
3.3
3.8
4.2
5.9
9.3
12.7

988
999
1075
1146
1331
1312

429
368
318
298
273
241

450
400
328
299
300
250

650
681
633
618
534
512

629
651
591
592
524
528

61.4
59.9
55.1
48.3
53.3
51.6

74.5
65.6
56.3
57.5
52.1
51.0

Analysis of variance
Mean squares

4f Clt Na Cat Mg$ K*

Kinman
Salinity 5 97.92f 70.02t 66.54f 13.86f 13.46f 74.18

Linear 1 419.77t 205.44f 299.82f 67.15f 50.08f 293.34"
Quadratic 1 54.97f 78.38f 28.13f 0.25 12.33J 14.40
Cubic 1 8.04 4.85 1.40 1.84** 0.04 19.75

Error 10 3.78 3.18 1.88 0.17 0.50 26.52
Esser

Salinity 5 95.99t 42.1 If 67.97f 16.30t 8.05f 241.94J
Linear 1 420.38f 155.74f 291.79f 78.89f 32.35f 1102.60f
Quadratic 1 37.82 44.59f 22.38 0.52 2.42* 49.94
Cubic 1 6.00 8.23 0.37 0.80* 0.48 26.01

Error 10 7.98 1.77 6.86 0.11 0.37 18.26
*,**it Significant at the 0.05,0.01, and 0.005 level of probability, respectively.
1 Table values must be multiplied by 103.

(Gossypium hirsutum L.) that when canopy closure is
incomplete and solar radiation is lost to the soil, yields
do not reach their potential. Population research on
guar has shown that weight per seed and seed per pod
are unaffected by planting density under nonsaline
conditions (16). Therefore, to maximize yields under
saline conditions, farmers should consider increasing
the plant population. Narrower row spacing would
help to fill in the canopy.

Mineral Composition
Mineral composition of the leaves sampled in 1984

was similar for both cultivars (Table 4). An increase
in substrate salinity was associated with a significant
increase in the concentration of Cl and Ca in the leaf
tissue. Compared to Cl, Na was largely excluded from
the leaves and its concentration only increased
slightly, even at the highest salinity treatment. Leaf
Mg, K, and P concentrations were significantly re-
duced by increased soil salinity. However, neither cul-
tivar appeared to suffer any nutrient deficiences. The
reduction in leaf P associated with an increase in sal-
inity was slightly greater for Esser than for Kinman.
The increase or decrease of these 6 ions in the leaf
tissue agree with previously reported mineral analysis
of legumes grown under saline conditions (3,24).

oc
0)

12

Days After Planting
Fig. 2. Emergence of guar in sand cultures at six salinity levels. SE

of means indicated by bar when greater than symbol size.

Seedling Emergence
Seedling emergence of the two cultivars was essen-

tially the same under increasing salinity levels. Data
from the two cultivars were therefore combined to
determine salt tolerance at the emergence stage of
growth. Soil water salinity up to 8.5 dS/m had no sig-
nificant effect on emergence; salt levels greater than
8.5 dS/m delayed, but did not significantly reduce final
emergence percentage (Fig. 2).

Data in Fig. 1 indicate that no loss of seed yield
occurred up to a /ciw of 18.8 dS/m. Since the soluble
salt concentration of the saturated-soil extract of nor-
mal soils is approximately half that of the soil water
(21); i.e., KSW = 2/ce, the equivalent threshold for seed
yield, expressed on the basis of soil water salinity (KSW)
would be 17.6 dS/m. This result indicates that guar
appears to be as tolerant during plant emergence as
during reproductive growth, while vegetative growth,
with an equivalent KSW threshold of 9.8 dS/m (2/c,.),
would be significantly more salt sensitive. However,
seedling emergence from well-watered sand cultures
does not necessarily represent emergence from field
soils.
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