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ABSTRACT

Green house experiments were conducted on an alkali soil to study the effect of dl!{CI'CITt levels of
gypsum (0, 50 and 100 percent of the totzl gypsum requirement of the soil) on the tolerance of maize anc_l oats
to different levels of soluble B (0.0, 2.75, 6.25, 12.50, 21.25, 43.75 and 60 ppm) adjusted in an alkali soil.
Gypsum application, at both the rates, significantly increased the dry matter production of both the Cl‘.OPS
irrespective of the levels of soluble Biin the soil. Increasing levels of B depressed the average dry matter yml‘d
of both the crops irrespective of gypsum treatments. Application of gypsum improved plent growth and their
B tolerance. A 50 per cent reduction in dry matter yield (B tolerance index) of oats occurred at 13.0 ppm
B only where gysum was not applied, but with gypsum treatment (at both levels) the yield did not decrease to
thislevel. In the case of maize the B tolcrance indices were 20, 28, and 52 ppmat0, 50, and 100 pcrccn.t levels
of gypsum application, respectively. Gypsum application at 50 and 100 percent of gpysum requirement
treatments decreased the average B content of plants by 40.0 and 53.7 per cent, respectively in oats, and 24.4
and 74.6 per cent respectively, in maize. At 0, 50, and 100 per cent levels. of gypsum the average Ca:B
ratios in plants werc 24.6, 53.1, and 73.6 respectively in oats, and 12.4, 25.4, and 72.3 respectively in maize.
[ncubation studics carried out in the laboratory indicated that gypsum application also decreased the soluble
B content of alkali soils.

INTRODUCTION

Sodic soils generally contain high concentration of soluble B (Poonia, 1966; Anuja,
1968) which often exceeds the toxic limits fixed for most of the crop plants. In saline sodic
soils of Sangrur district of the Punjab State, MaIr (1965) reported upto 70 ppm soluble
B, and its content increased with increase in exchangeable sodium percentage of the soil.
Therefore, to utilize these soils the concentration of soluble B has also to be reduced along
with those of other salt constituents, either by leaching it below the root zone or by ren-
dering it insoluble. Leaching of B is difficult (KANwaAr & SingH, 1961), and even may
not be feasible in areas where subsoil water—having high B concentration—is the only
source of irrigation. The solubility of B has been reported to decrease with the applica-
tion of CaCOjg (Gupra, 1972) in acid soils. In alkali soils, on the other hand, gypsum
is commonly recommended for their reclamation. But much work does not seem to have
been done on the effect of applied gypsum on growth and B uptake by plants and soluble
B content of the sodic soils. Therefore, the objectives of the investigation reported in this
paper were to study the effect of gypsum application—1.—on growth and B uptake by plants

grown on a sodic soil varying in soluble B content and 2.—on the soluble B content of
the soil. ‘

MATERIAL AND METHODS
Two green-housc? experiments and a laboratory study were conducted on a noncalca-
reous alkali soil, which tested loamy sand in texture, pH 9.6, electrical conductivity of the
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saturation extract 1.5 mmhos/cm at 25°C, cation exchange (-,apatity il mc/lUQ g’r(?x-
Ch'angeable sodium percentage 42 and soluble B 0.49 ppm (in saturation extract). The
soil was adjusted approximately to 2.5, 5, 10, 20, 40, and 60 ppm soluble B, "?’ the lm.et'hod
.Ou“méd by HATGHER, BLAIR AND Beer (1962). 'T'he actual levels of soluble B ?)tafned
m the soil were—0.49, 2.75. 6.25, 12.50, 21.25, 43.75, and 60.0 ppm (_rcfcrrcd to as By,
By, By, By, By, Bg, and B,, rcspcctivcly);

. In the pot experiments, Oats (Avena sativa 1..) crop was g
In soils having By, B, By, By, By, and By levels of soluble B, whereas
was grown during Kharif 1974 in soils having By, By, By, By, Bs, and Be levels
kg soil was taken in cach alkathene-lined earthen pot (22 cm X 30 cm). ) ‘
applied at the rate of 0, 50, and 100 percent (referred to as Gg, Ggos and Gygo» respectively)
of the total gypsum requirement (SGHOONOVER, 1952) of the soil. 'Twenty Sc(?ds of bo.th the
crops were sown when the soil was in optimum moisture condition. Before sowing, a
basal dose of 100 ppm N, 50 ppm P, 50 ppm K, and 5 ppm Zn was given through urea,
KH,PO,, KCl, and Zinc sulphate, respectively. When the germination became constant
the plants of oats and maize were thinned to 8 and 10 per pot, respectively. During the
growth period, the crops were irrigated with tube-well water (electrical conductivity 315
micro mhos/cm and B content of 0.07 ppm) and moisture stress was never allowed to
occur. Moisture was replenished (up to field capacity) when half of the available water
had been depleted.

Oats and maize plants were harvested after 70 and 45 days of growth, respectively.
The plants were washed with distilled water, dried in an air oven at 60°C to constant
weight, weighed, ground and stored for determining total B (HaTcHER & WiLcox, 1950)
and Ca (CHENG & Bray, 1951) contents. .

In the laboratory experiment the effect of gypsum application on soluble B content
of the soil was studied. The soils used for growing Oats (B, B;, B,, B3, B, and B; levels
of soluble B) were used. Gypsum was applied to 500 g soil at the rate of 0, 50, and 100
percent of the total gypsum requirement of the soil and incubated at room temperature
for 1, 2, and 4 weeks at a moisture content of field capacity. After each incubation period
the saturation extract was analysed for soluble B content (HaTcHER & WiLcox, 1950).
All other soil characteristics were determined by the methods outlined in U. S. D. 4. Hand-

Book No. 60 (1954).

RESULTS AND DISCUSSION

Increasing levels of soluble B and gypsum significantly altered the growth in terms
of dry matter production of both oats aad maize crops, as is evident from the multiple
regression equations, the models (Y) of which are given below:

Oats  Y=0.361916-+0.598988 G—0.017648 B—0.120417 G*+-0.000264B2--
0.000578 GB
Maize Y—0.610764—0.013300 G—0.012941 B 0.606668 G21-0.000091 B2—
0.005637 GB.
(Where —G and B represent gypsum and boron levels respectively).

Relationships between calculated and obscrved yields were highly significant (the
values of coeflicients of determination, R* were 0.968 for oats and 0.938 for maize). The
calculated dry matter yields of oats and maize at various lcwzls o'l‘ B in soils as aftected by
gypsum application are shown in Text-fig. 1. . (}ypsun'l ;lpp}u:ﬂtunl signiticantly increased
the dry matter production of hboth the crops irrespective of the levels of soluble B in the
soil. The mean observed yiclds in terms of dry matter production at Gy, Gy and Gyqq

rown during rabi 1973-74,

maize (Lea mays L.)
of B. Three
Gypsum was
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were 0.2 0.50 ; o ., i
plant, m.\‘;mvli\,c:':'ull‘”-” B per plant, respeetively, for oats and 040, 049 il .()‘,"i‘?ar;[)tfll'r
depressed (he dry ‘nl(\‘:( "“""-"-l On the othor hand increaing levels of lWr(’”'l“%:n:t;f.;fund/
- I Loy hatter production of hoth 1the crops over the entire range InVESHIEErE
mwrespective . P8 over R
01‘()‘\13:(:?\1;’ o the raes of gypsum application.  'I'he mean observed ‘h./,',nutl::r‘ 7/("’:1'(:5
0.4 ASat By, By, By, By, B, and By levels of soluble horon in the soil were 0.6% 0.56, 0.2,
1 -, U.“;t) and 0.33 g per plant, vespectively, and that of maize at By, Bz By B Ba ;;,'nd Bo
evels of soluble horon were 0.92, 0.78, 0.60. 0.52. 0.41 and 0.19 g per plant, rospectively.
Fifty per cent reduction in (he ’ ’ lerance index)

{ . average expected total dry matter yield (B to
oboats and maize crops indic

. ated that oats plants were relatively more tolerant to .hlgh
i ol soluble B, The difference between the two crops may be ascribed to the ‘dxffr:r—
Cllt:(‘s m the rates ol boron accumulation ('l'ext-fig. 3) by both the crops (OERTLE & KO”L?
1961: REmsENAVER & Cox, 1971). 'T'he inverse relationships between growth of hoth
the crops and boron content in plants support the findings of SCHUMAN (1969). )
The relationships between relative growth per cent of both the crops and various
levels of soluble boron in the soil at diflerent levels of gypsum application arc shown in
Text-fig. 2. The rate of depression in dry matter production with increasing levels of
boron was considerably reduced with the application of gypsum. In absence of gypsan
application, the levels of B at which 50 per cent decrements in yiclds of oats and maize
crops occurred were 13 and 20 ppm boron, respectively. When gypsum was applied,
the yield of oats did not decrease below 50 per cent at any level of soluble boron tried in
this study. However, in the case of maize, 50 per cent reduction in dry matter produc-
tion at Gy and Gy occurred at 28 and 52 ppm boron levels, respectively. These data
suggested that applied gypsum helped the plants to grow even when the soils had initially
high levels of soluble boron. This may be attributed to the significant depression in the
accumulation of B (Text-fig. 3) and increase in Ca: B ratio in plants (Table 1) with the
application of gypsum, irrespective of the levels of soluble B in the soil.

Table 1—Ca : B ratio in Oats and Maize plants at various levels of soluble boron in soil
as affected by gypsum application

Levels of Gypsum (Per cent of the total gypsum require-
ment of the soil)
Boron Levels (ppm)

Mean
Gy Gy G100
Oats
B, 5 i 56.5 95.9 132.1 94.8
B, . .. 39.9 91.3 117.7 82.9
B, i - 19.6 79.5 74.6 57.9
B, - .. 10.1 31.0 72.5 37.9
B, s o 7.3 14.2 35.0 18.8
B . oy 4.3 7.1 10.0 7.1
Mean .. i 24.6 53.1 73.6 499
Maize
B, . .. 29.5 47.2 188.5 88.4
B, Iy ‘e 20.9 32.1 72.4 41.8
B, .. . 6.3 2048 66.7 34.3
B, N . 7.0 16.0 39.2 90.7
B, .. is 7.0 15.2 31.0 17.7
B, S 0o 3.9 12.3 35.9 17 .4
Mean - - 12.4 25.4 72.3 36.7
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There was a progressive increase of soluble boron and decrease of total calcium concen-
tration in the plants with the increase of soluble boron in the soils. On an average, Ca : B
ratios were 94.8, 82.9, 57.9, 37.9, 18.8, and 7.1 at By, By, By, By, B,, and B; levels of B, respec-
tively—in oats, and 8.4, 41.8, 34.3, 20.7, 17.7, and 174 at By, By, By, By, Bs and B levels
of B, respectively—in maize. The accumulation of boron by the plants was con.51dera!)ly
higher at higher levels of soluble boron in the soil as compared to those grown 11t soils having
r¢latively lower levels, which may be due to its large passive absorption at higher concen-
tration in the substrate. Application of gypsum significantly depressed the rate of boron
accumulation (Text-fig. 3), and increased the Ca : B ratio (Table 1) in the plants. Com-
pared with control, the treatments Gz and Gioo decreased the average B content
in plants by 40.0 and 53.7 per cent respectively,—in oats, and 35.1 per cent and 74.6 per
cent, respectively—in maize. At Gy, Gj and Gyg average Ca : B ratios were 2'%.6,
53.1, and 73.6, respectively—in oats, and 12.4, 25.4 and 72.3, respectively—in maize.
GupTA AND CuTcLIFFE (1972) also reported decrease in B uptake and increase of Ca : B
ratio in plants with the application of Ca through CaCOj in acid soils.

Application of gypsum decreased the soluble boron content of the soil (Table 2).
However, there was no appreciable difference between the two rates of gypsum application.
The decrease in soluble boron content was also progressive with the increase in incuba-
tion time but maximum rate of depression was observed after 1 week of incubation. This
may be due to the formation of borates of calcium which are relatively less soluble than
borates of sodium—the form in which boron exists in sodic soils. GupTA & CHANDRA,
(1972) also reported decrease in soluble boron content with the application of gypsum.

Table 2—Effect of gypsum application on the soluble B content of soil, at different periods
of incubation

Levels of Gypsum
Original levels of Gso Gioo
Soluble B in soil 1
(ppm) Incubation period (Weeks) Incubation period (Weeks)
1 2 + 1 2 4
0.49 .. .5 Traces
2.75 . . 1.00 0.75 “s Traces
6.25 5 .. 2.75 2.16 0.35 2.70 1.50 0.30
12.50 . - 9.50 9.00 5.50 8.00 7.20 5.25
21.25 .. 25 15.00 12.50 12.50 13.00 12.50 11.75
43.75 % .. 36.50 28.25 26.25 30.00 28.00 25.00

(Average of 2 replications)

These observations suggest that gypsum, applied for the reclamation of sodic soils,
would also reduce the boron hazard, particularly when the soil contains up to moderately
high levels of soluble boron. At very high levels of soluble boron, although gypsum appli-
cation enhanced crop growth, the responses to gypsum were inhibited by the direct adverse
effects of boron in the soil. In such soils, in addition to the application of gypsum, leaching
of boron should also be attempted so that crops may grow satisfactorily.
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