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Summary. Cotton (Gossypium hirsutum L.), although known to be one of the 
most salt tolerant crops, shows a significant reduction in plant size and yield 
when grown on highly saline soils. A field plot study was therefore conducted to 
determine the feasibility of increasing yield on highly saline soils by increasing 
population density by decreasing the distance between rows. Three row widths 
and four salinity levels were imposed on a nonsaline Pachappa fine sandy loam 
(mixed, thermic, Mollic Haploxeralf). Canopy closure, plant height, earliness, 
and several yield components were measured. A significant yield increase was 
obtained at all salinity levels by decreasing the distance between rows from 102 
to 86 or 71 cm. 

Considerable research has been conducted to determine whether increasing cotton 
(Gossypium hirsutum L.) population increases yield and reduces production costs. 
These studies involved changing inter-row spacing (Galanopoulou-Sendouka et al. 
1980; Hawkins and Peacock 1973; Peacock et al. 1971), intra-row spacing (Bridge 
et al. 1973; Hawkins and Peacock 1970; 1971; Smith et al. 1979) or both (Fowler 
and Ray 1977; Johnson and Walhood 1970). In general, population levels of 70,000 
to 155,000 plants/ha have been reported to produce the highest cotton yields 
(Bridge et al. 1973; Fowler and Ray 1977; Hawkins and Peacock 1970; 1971; Smith 
et al. 1979). All of these population studies, however, were conducted under non- 
saline growing conditions. In the western United States, cotton is grown extensively 
on salt affected soils. Although cotton is known to be one of the most salt tolerant 
field crops (Maas and Hoffman 1977; US Salinity Laboratory Staff 1954), highly 
saline soils can significantly reduce plant size, boll weight, boll number, and yield 
(Longenecker 1973; Thomas 1980). The smaller plant size leaves a significant space 
between plant canopies on adjacent rows, which could support additional plants. 
Consequently, the present study was initiated to determine the feasibility of in- 
creasing yield under saline conditions by decreasing row width. 

Method and Materials 

The experiment was conducted in twelve, 4.27 m 2 plots. The treatments consisted of three row 
widths and four salinity levels. All plots contained Pachappa fine sandy loam (mixed, thermic, 
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Mollic Haploxeralf) which had been previously mixed to a meter depth to minimize soil 
heterogeneity. Each plot contained four, five, or six flat-top beds on 1.02, 0.86, or 0.71-m 
centers, respectively. All beds were 0.15 m high and 0.46 m wide. A single row of Acala SJ-1 
cotton seed, treated with Panogen and Terraclor to control fungi, was sown 0.15 m from the 
edge of each bed. The plant spacing within each row after thinning was 0.15 m. Populations 
of 65,360, 77,520, and 93,900 plants per hectare were obtained with the 1.02, 0.86, and 0.71-m 
spacing between rows, respectively. 

Seeds were germinated with water having an electrical conductivity of 0.6 dS/m and total 
dissolved salts of 384 mg/liter. Differential salination was initiated on June 18 (1 month after 
planting) by adding equal parts by weight of NaC1 and CaC12 to the irrigation waters. Salt 
levels were increased stepwise over a 2-week period until the electrical conductivity reached 
0.6, 6, 12, and 18 dS/m in the four irrigation waters. These salinity levels were maintained 
throughout the growing season. Irrigations were appfied when tensiometers in the non- 
saline plots reached an average matric potential o f -50  J/kg (-0.5 bars) at the 0.4 m depth. A 
total of 1.12 m of water was applied in 0.08-m increments, at approximately 7-day intervals 
throughout the growing season. The electrical conductivity of the saturation extract (ue) was 
determined on soil samples taken in August, September, and November to a depth of 0.90 m 
within the plant row. The average ;ee in the root zone for three sampling dates were 1.3, 7.4, 
11.5, and 18.9 dS/m for the four salinity treatments. 

Mature, fully expanded, healthy leaves were sampled from each plot on September 11 for 
mineral analysis. Dried and ground leaf samples were analyzed for C1 by potentiometric 
titration (Brown and Jackson 1955), S by barium chloride precipitation after nitric-perchloric 
acid oxidation (Shaw 1959), N by standard Kjeldahl, P by Molybdovanadate yellow (Kitson 
and Mellon 1944), and Na, Ca, Mg, and K by atomic absorption spectrophotometry. Ten 
plants were measured in each plot on October 1 to determine average plant height. All 
measurements were made on plants located in the center portion of each plot. The distance 
between canopies formed by adjacent rows was measured on August 13, August 29 and 
October 1. All reported values are an average of 15 random measurements taken between 
adjacent rows throughout each plot. 

Mature bolls were hand harvested at weekly intervals beginning October 2 (129 days after 
planting) and continuing until the final harvest on January 5. Bolls that had not opened by 
the final harvest were manually opened and weighed separately. 

Results and Discussion 

The first effects of  salinity were noted about  the end of  July when leaves were 
observed on salinized plots which were smaller, thicker, and  deeper  green than 
leaves on control plots. These symptoms were most p ronounced  in the high salt 
plots (~e = 18.9dS/m) and became progressively less in the medium (Ze = 11.5 dS /m)  
and low (xc--7.4 d S / m )  salt plots. These salt effects have been repor ted  for many  
plant  species (Francois and Bernstein 1964; Hayward  and Wadle igh  1949) and they 
closely resemble the effects caused by drought  (Bernstein and Hayward  1958). 

Canopy Closure 

Canopy closure data are presented in Table 1. As expected, the narrow-row 
(71-cm) control plot  was the first to close, followed by the 86-cm control  2 weeks 
later. The 102-cm control  closed on approximate ly  October  1. Closure on the low- 
salt plots was nearly the same as the controls. The one exception was the 102-cm- 
row width, where adjacent  canopies were still 12 cm apar t  on October  1. On the 
medium salt level, the only canopy that complete ly  closed was the 71-cm-row 
width, and then not until  October  1. The 86-cm plot  closed to within 7 cm, while 
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Table 1. Canopy closure ofAcala S J-1 on three different dates 
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Salt Treatment Row Measurement date 
(~e) width 

(cm) Aug 13 Aug 29 Oct 1 
Average distance between adjacent canopies 
(cm) 

Control (1.3 dS/m) 

Low Salt (7.4 dS/m) 

Medium Salt (11.5 dS/m) 

High Salt (18.9 dS/m) 

71 closed closed closed 
86 14 closed closed 

102 36 28 closed 

71 8 closed closed 
86 16 closed closed 

102 48 38 12 

71 15 7 closed 
86 23 12 7 

102 48 38 38 

71 25 25 25 
86 40 40 40 

102 66 66 66 

Table 2. Average final plant height ofAcala S J-1 cotton grown at four salinity levels and three 
different populations 

Salinity Row width (cm) 

dS/m 102 86 71 

Avg. 

P~ntHeight(cm) 
1.3 150 155 
7.4 106 113 

11.5 93 90 
18.9 63 64 

Avg. 103 106 
LSD(0.05)- Salinity- 3.4 
LSD(0.05) Row width-  3.0 

153 153 
113 111 
82 88 
56 61 

101 

the 102-cm plot  closed to within 38 cm. The canopy coverage of  the high salt treat- 
ments did not increase after August  13. 

Plant Height 

Row width had  little effect on plant  height (Table 2). In other cotton popula t ion  
studies (Brashears et al. 1968; Fowler  and Ray  1977; Johnson and Wa lhood  1970) 
increased popula t ion  caused a reduct ion in plant  height. Salinity had a significant 
effect on plant  height with Ne of  7.4, 11.5, and 18.9 reducing plant  height to 73, 58, 
and 40% of  the control  plants, respectively. 
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Mineral Composition 

Mineral analysis of the individual leaf samples showed no differences among 
population densities. Therefore, the data presented in Table 3 are average values 
for each of the salinity treatments. Chloride, Na, Ca, and Mg increased with in- 
creasing salinity. Potassium content changed little over the salinity range, while S, 
P, and N all decreased with increasing salinity. Thomas (1980) reported the same 
trends for C1, Na, Ca, Mg, and K with cotton grown on saline soils. 

YieM 

Total yield of seed cotton was substantially greater with narrower rows than the 
conventional 102-cm rows at all salinity levels (Table 4). This result is consistent 
with some previous reports (Briggs and Patterson 1969; Hawkins and Peacock 
1973; Johnson and Walhood 1970; Wanjura and Hudspeth 1963). 

Although yield increased, the average yield and number of bolls per plant 
showed a consistent decrease with narrower rows. Peacock et al. (1971) reported 
that the number of barren plants or plants with only one boll increased with in- 
creasing plant population. Increased competition for radiation between plants at 
higher population densities and earlier canopy closure may account for the 
decrease in yield per plant. At higher salinity levels, where competition from 
adjacent plants was lower, narrower rows had less effect on yield per plant than at 
lower salinity levels. 

The highest salinity caused a significant decrease in average boll weight, whereas 
row width did not significantly effect boll size. Hawkins et al. (1973) also found no 
differences in boll size due to row width. Other workers who have increased plant 
population by decreasing the intra-row spacing, while keeping the inter-row 
spacing constant, have reported a decrease in boll size (Bridge et al. 1973; Fowler 
and Ray 1977; Hawkins and Peacock 1971; Smith et al. 1979). 

Total yield, whether on a land area or plant basis, decreased for all populations 
as salinity increased (Table 4). On a relative basis, the yield decrease for all three 
plant populations agrees favorably with the salt tolerance data presented by Maas 
and Hoffman (1977). The yield decrease was mainly attributable to a reduction in 
boll number but boll size also decreased as salinity increased. Longenecker (1973) 
reported that increasing substrate salinity significantly reduced boll number and 
boll size for both Acala 1517D (Gossypium hirsutum L.) and Pima S-2 (Gossypium 
barbadense L.). On a relative basis salinity reduced total yield more on the 102-cm- 
row width than on the two narrower row widths. 

Table 3. Mineral concentration in cotton leaves at four salinity levels 

Soil Salin- Mineral (mmol/kg Dry wt.) 
ity (xe) 
(dS/m) C1 Na Ca Mg K P S 

Mineral 
(g/kgDrywt.) 
N 

1.3 311 37 748 176 439 112 346 45 
7.4 483 29 805 189 433 89 300 44 

11.5 729 70 970 250 405 73 318 40 
18.9 819 140 992 254 467 61 261 38 
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Table 4. Yield of seed cotton and yield components ~ 
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SoilSalinity Row widths(cm) 
( ~  
dS/m 102 b 86 b 71 b Avg. 

yield/area (g/m 2) 

1.3 311 331 374 
7.4 268 335 376 

11.5 257 320 319 
18.9 151 203 204 

Avg. 247 297 318 
LSD-Salinity (5 %) 35 
LSD-Row width (5 %) 31 

yield/plant (g) 

1.3 50.4 43.0 
7.4 43.5 43.6 

11.5 41.7 41.7 
18.9 24.5 26.4 

Avg. 40.0 38.7 
LSD-Salinity (5 %) 4.1 
LSD-Row width (5%) 3.6 

Bolls/area (No./m 2) 

1.3 57.3 61.6 
7.4 48.7 60.3 

11.5 47.1 58.6 
18.9 30.0 39.6 

Avg. 45.7 55.0 
LSD-Salinity (5 %) 6.0 
LSD-Row width (5%). 5.3 

Bolls/plant (No.) 

1.3 9.3 8.0 
7.4 7.9 7.9 

11.5 7.7 7.6 
18.9 4.9 5.2 

Avg. 7.4 7.2 
LSD-Salinity (5%) 0.7 
LSD-Row width (5%) 0.6 

40.6 
40.8 
34.6 
22.1 

34.5 

65.4 
67.7 
59.1 
39.9 

58.0 

7.1 
7.4 
6.4 
4.3 

6.3 

Boll wt. (g) 
1.3 5.42 5.37 5.71 
7.4 5.51 5.55 5.56 

11.5 5.45 5.46 5.40 
18.9 5.05 5.13 5.10 

Avg. 5.36 5.38 5.43 
LSD-Salinity (5 %) 0.17 
LSD-Row width (5 %) NS 

343 
334 
303 
189 

44.0 
42.5 
38.9 
24.2 

61.4 
60.2 
55.7 
37.2 

8.0 
7.7 
7.1 
4.8 

5.53 
5.54 
5.42 
5.09 

° Salinity x Density interaction was non-significant for all yield parameters tested 
b 102, 86, 71 cm rows contained 6.2, 7.7, and 9.2 plant /m ~, respectively 
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Earliness 

To determine the effect of population and salinity on earliness, the harvest period 
from October 2 through January 5 was divided into four 24-day periods (Table 5). 
The percent of the total yield for a particular treatment is given for each period. 
The higher substrate salinities of 18.9 and 11.5 dS/m hastened maturation so that 
95 to 99% of the total yield was harvested by November 18. In contrast, the 
maximum percent yields for the 7.4 dS/m and control plots by November 18 were 
only 69 and 21%, respectively. A large portion of the harvested yield for the three 
control plots (14, 34, and 23%) was in bolls that had not opened by the last harvest 
on January 5. 

Longnecker (1973) reported that when the percent of  bolls harvested at first 
picking were used as a criteria, earliness of Acala 1517D was significantly hastened 
by higher salinity levels. However, when actual number of  bolls harvested were 
considered, there were no differences in earliness with higher substrate salinity. He 
concluded that the higher salinity acted to shorten the fruiting period by reducing 
the number of late season bolls set and matured. Data from this study do not 
support this conclusion, since nearly all of the bolls in the 18.9 and 11.5 dS/m treat- 
ments matured within the first 48 days, while 80% or more of the bolls on the 
control plots matured during the second 48 days. Longenecker (1973) further 
concluded that a high osmotic potential in the soil solution caused by salinity will 
slow vegetative growth and enhance flowering. This would account for the earliness 
of the medium and high salt plots where a high osmotic potential in the soil 
solution was present throughout the growing season. 

Although it has been reported that increasing population enhances earliness 
(Fowler and Ray 1977; Galanopoulou-Sendouka et al. 1980; Johnson et al. 1974), 

Table 5. Percent yield during four 24 day harvest periods with 3 row widths and 4 soil 
salinity levels 

Soil Row Harvest Periods 
Salinity width 
(xe) 10/1 - 10 /25  11/18- 12/12- bolls manually 
(dS/m) (cm) 10/25 11/18 12/12 1/5 opened on 1/5 

Percent of Total Yield 

1.3 71 3 18 34 31 14 
86 1 10 21 34 34 

102 4 14 28 32 23 

7.4 71 26 43 17 8 7 
86 13 40 31 10 6 

102 30 35 25 7 3 

11.5 71 69 29 2 0 0 
86 60 36 3 1 0 

102 72 27 1 0 0 

18.9 71 56 39 4 1 0 
86 70 28 2 0 0 

102 64 33 3 0 0 
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data from this study support the findings o f  Hawkins and Peacock (1973), 
Brashears et al. (1968), and Guinn et al. (1981) that decreasing row width does not 
significantly affect earliness. 

Conclusions 

This study demonstrated that cotton yield can be increased under saline conditions 
by using row widths narrower than 102 cm. Although yield per individual plant 
decreased as row width became narrower, the total yield increased because of  the 
larger number  of  plants per unit area. Boll size was not affected by row width. 
Maximum interception of  solar radiation, a principal advantage o f  narrow row 
cotton, was not achieved on the high salt treatment even with row widths as narrow 
as 71 cm. 

A number  o f  studies (Fowler and Ray 1977; Smith et al. 1979; Van Schaik 
1963) have shown that under non-saline conditions, yield decreases once the 
opt imum population density of  cotton is exceeded. Consequently, there is probably 
an optimum density for attaining maximum yield under saline conditions and it 
may be higher than under non-saline conditions. Since most agricultural fields are 
not uniformly saline, the plant population and row width that is most economic will 
depend upon the responses of  plants to population at the different salinities 
represented by different parts of  the field. 

In the past, most research on salt tolerance has been conducted to determine the 
yield reduction that can be expected with a particular soil salinity. The maximum 
yield that can be attained with a given soil salinity should also be determined. 
Since nearly all crops are stunted to some degree by salinity, a large portion of  the 
field is without canopy cover. When canopy closure is incomplete and solar 
radiation is lost to the soil, potential yield is lost. Therefore, it is necessary to 
determine the plant populations and row widths that will result in maximum yields 
at different levels of  salinity in field conditions. 
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