AVEey JdoW oln w‘\b‘,.—h?“"at_ﬂ')waﬁu"_'i_l.‘

f1Ar FE] VRN evo— ) sl o el
YA b b
f.’.'.)::db {}:—-&l‘,f‘”ﬂb‘,’” S e
0|M| SJ-U| S5
Sl pell e s sy, 5L
A wids ) S

ot Al Lol S 34 0 sl
237 g"))' v—-a\-’.’l'}

% %k X

TNy



Soudl g0

s p bkl SlaS oty SASIE e L agte ol 4 5 ) il
L A it and oo ¥ 4w Sl Jsue Adiully Lsglall !
g‘:‘“dgub [€2,Y0,00 0,0

PN L Lol o e el sl B &Y e g 2]
orplp Yo L Ll ieﬂ‘a'rv“)ﬂida«-ﬁé'onrf'&wﬁie,#
o hall sl e dilaze ladd meiny & ) sl Joiy (Lilga ddinall 4 I
eI ‘(”U,JIJ,};‘.JJN:JSJMI d,\‘ch s YO o g dnis S
A S o 3308 ] 55058 T % G g il
Sdoaw L ladlly ol palt 01 ) a0 IS Uit ga Qiondly A Al & Y1
e Sliagh e 01,51 Jas) ) phagdll (o Bikmge SaSy Lpmat il & SY)
(L7 3 I paeelisdl Slils o 01,5 Y Jing) 00mipdl 0 )3 31 (0 S JST
83k Aol M 1S (5 35 JSS o 5T e TPY s pasipe ¥l S e o 5 iay
Llsl 5 51 olads SN Ll il dib o janall 5,00L 2895 1) LS Ll L
LA o 38 U3 e ge W ol 5 domly o8 s gl foh It G 5V 3 (el e
L3l gt dadaldy

ALY S daas ol ol S L B 5 c@‘_).lgc«.'a'i).m el 3 Eo5
S iy iy Y A e 35,00 UL Sdar Lo axt gl oW dadll e
by i (Ut dotk Y1 A e A Dl e Lilaze il i s

Lgsb iy duadll cyo 1 5Y1 Liailly 5,000 oy B3gmasdl L1 Ighl JUE (g !
2 enlly cpaendSIN (gl ) g ydll

Weso om0 0 Jobag & 3 ) BLH 0L & il &l il oy 3
3255l 5553305 ly Jomil A2 G paralipdl 55 5 dislan U (3l 45 il

-\VeAL



YA VY dAL g v o g e il e ST
A e 5,2l ke

el pall 3,0 J gat o 35 o8 0L O A2 LU 4 ol 2y L
bais &8y it guamndl O W B BUL Yo 31 1§ i sy 131
A o6 il ead | Al J puat Ul D 3055 o 18 b ! s IS
gty b A G e (2t

38N Cppamls gl 5 g gill dd Oy ey SUL b 815
oghensill s O e G 4 AN G e i By 8 Y Ll § g 5l
poedS Ll el i 8315 e LpS' ol 6 el jaall 8,000 (3 gy
Ay pan sy goar el 2 @1 55000 G gy sl

LU Ll ey aal

BS SlaS 0 o b k! Aol (g J o it 1Y (s 0l = Yl

ol homy Jouddl G b 8 Lapdy s 5ol gl SpdlS A31RIN L gL e
NSy sk e daedll Uty et e G 0 g G i slS

LS ile ol o Volan dlorzal U1 g 1 ol 1,1 deos ot G0

3 58 et Sy g fo ol O dnl b SN ke faniy |

e (2 sy paalipdly 00 5onlS Jodd) G b e 82528l1 DUSSIN s g

oz o1,V 0da

“"-



Second, the application of leaching requirement principle to control salinity in the
gypsiferous irrigated soils, would lead to a large loss of mineral nutrients such as K, Mg
and other nutrients. If one assumes a leaching requirement of the order of 15 percent,
and a water requirement of the order of 1 meter depth per year; then the calculated
amount of potassium lost to drainage water would range between 186to 324 kg of K per
hectare, for various gypsiferous soils and the calculated loss of Mg would range between
1160 and 2160 kg per hectare per year. These extreme values of loss of both K and Mg
should only emphasize the significant amount of loss of various nutrient cations when
the gypsiferous soils are put under irrigation. Loss gradually diminish as the amount
remained on the adsorption complex or in soluble form becomes less. ‘

From the pratical point of view crops, grown in the gypsiferous soils, require
a good fertilizer formula, applicd regularly, to the soils, to balance the amount of these
nutrient cations lost deep drainage or absorbed by the plants. Further research is
needed to study the loss of other nutrient cations and anions required by plants, grown
in gypsiferous soils.
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Table (4)

Effect of level of gypsum in soil on fresh weight yield and mean nutrient contents of corn
grown in pots.

% gypsum top fresh P K Ca Mg
in soil weight

g% of D.W.

0 219.0 0.64 7.9 1.73 0.46
5 187.7 0.32 4.6 1.74 0.27
10 204.0 0.35 6.4 1.64 0.50
20 214.0 0.32 6.2 1.57 0.52
40 71.0 0.19 3.7 1.30 0.46
Level of
significance 17 1 % 1% N.S. N.S.

Concerning the nutrient content of both corn and alfalfa plants. it was abvious that
alfalfa as a tolerant plant to gypsum, resisted any significant change in its nutrient
content. Phosphorus, potassium, calcium and magnesium contents in plants remained
unaffected by the level of gypsum in soils, in spite of a slight tendency for an increase in
magnesium content in pressence of gypsum.

The nutrient content of corn plants was vastly disturbed by pressence of gypsum in
soils. Phosphorus and K are more affected nutrient than calcium or magnesium by
gypsum in soils. Although the soils were fertilized with potash and phosphate. their
relative content in plants decreased significantly (at 0.01 level) as the gypsum content of
soils increased.

The high concentration of Ca in the soil solutions would possibly block the uptake
of P by roots (5), and the possible accumulation of Ca at surface of roots as shown by
Riley and Black (9) could iead to a great reduction in P absorption by plant roots.

The content of calcium and magnesium in corn plants. remained unaftected by
gypsum, although their concentration in the soil solution was greatly increased when
gypsiferous soils were put under irrigation or leached.

As a result, apparently, potassium and phosphate in plants remained two of the
major macronutrient studied which were associated with tolerance of plants to gypsum
in soils. The question which remained to be answerd is whether onecould practically
improve the tolerance of plants to gypsum by raising the rate of potash and phosphate
added to the soil.

As aresult of both leaching and growth experiments two main conclusions concer-
ning the managment and fertilization of gypsiferous soils could be drawn:

First, the irrigation or leaching the gypsiferous soils would lead to a substantial
mobilization of K and Mg and presumably other adsorbed cations to the liquid phase of
soil by a kind of cation exchange process and consequently increase their relative
concentration in the soil solution.
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The nutrient fresh weight of corn plants grown in various gypsiferous soils were
grouped in table (4). Yields of corn remained unaffected by level of gypsum up to 20
percent of gypsum. However a very significant drop in yield (at 0.01 level) is noticed
with soil of 40 percent of gypsum in soil. The tolerance of corn to gypsum was found to
be somewhere between 20 and 40 percent. This was in agreement with the work of
Smith and Robertsen (9) who found that yield of corn dropped when level of gypsum in

the rootzone exceeded 25 percent.

Table (2) Effect of level of gypsum in soil pots on fresh weight of 5 consecutive cuts of

alfalfa:.
I
“%gypsum Fresh weight of 5 cuts in g /pot tou:)fv::itg?l:
in soil ; 2 3 4 5 g /pot:
0 40.7 22.5 30.5 54.0 86.3 233.5
3 30.8 282 26.3 41.0 85.6 220.9
10 37.7 29.6 28.7 45.2 100.9 242.1
20 34.0 36.9 25.9 39.1 107.7 243.6
40 24.5 383 28.6 44.5 102.8 238.7
1. Average of 3 replicates.
2. Insignificant at 5% level.
Table (3)

Effect of gypsum in soil on nutrient content of alfalfa grown in pots.

Jogypsum P K Ca Mg
in soil
%
0 0.36 2.98 3.11
5 0.29 2.92 2.73 0.38
10 0.26 2.78 2.99 0.40
20 0.28 2.90 2.88 0.48
40 0.30 3.76 2.51 045
Level of
significance N.S. N.S. N.S. N.S.
' VY.



Table (1) Cation concentration of soil leachates after addition of increasing amount of
gypsum to soils.

Leachate .
N° Cation concentration in leachate Ratio
% gypsum
in soil Ca K 100 pg
—_ X
K m.e./l Mg Ca Ca
0 1 0.29 23 5.4 12.6 2.3
2 0.22 2.8 1.3 7.9 0.5
3 0.22 5.2 23 4.2 0.4
4 0.35 ' 4.5 0.5 8.8 0.1
mean 0.27 3.6 24 8.4 0.8
5 1 0.58 26.1 14.3 2.2 0.5
2 0.58 26.0 14.0 2.2 0.5
3 0.49 28.0 14.0 1.8 0.5
4 0.55 29.7 4.0 1.9 0.1
mean 0.55 27.4 11.6 20 04
10 1 0.67 27.9 14.1 24 0.5
2 0.49 26.4 15.6 1.9 0.6
3 0.55 24.0 14.0 2.3 0.6
4 0.58 29.8 4.2 1.9 0.1
mean 0.57 27.0 12.0 2.1 0.5
20 1 0.53 29.5 14.0 1.8 0.5
2 0.49 28.2 15.3 1.7 0.5
3 0.45 24.8 14.2 1.8 0.6
4 0.56 28.7 6.1 2.0 0.2
mean 0.51 27.8 12.4 1.8 0.5
40 1 0.40 30.2 8.5 1.3 0.3
2 0.28 30.8 5.2 0.9 0.2
3 0.27 29.5 8.5 0.9 0.3
4 0.29 30.6 3.6 0.9 0.1
mean 0.31 30.3 6.5 1.0 0.2

The drop in K or Mg removed from soils with very high gypsum content (40 percent
of gypsum) as compared to soils with less gypsum could be explained on the basis that
gypsum particles or gypsum dissolved could line up soil micropores where water flow.
That could lower the rate of cation echange between the dissolved Ca and the K or Mg
absorbed.

The results of alfalfa harvest were grouped in table (2). That would show clearly,
that except in one pot with 40 percent of gypsum badly affected by drainage difficulties
during growth, the cumulative weight of five cuts of alfalfa, was unaffected by level of
gypsum insoil up to 40 percent by weight. No sign of any nutrient deficiency was noticed
on plants. Alfalfa is considered with high tolerance to gypsum. The results of nutrient
composition of alfalfa were grouped in table (3). That include phosphorus, potassium,
calcium and magnesium content.

L
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The first leachate was turbid and was discared. Potassium, Ca and Mg in leachates
were analyzed. Potassium was determined by flame photometry, and Ca and Mg by the
EDTA compleximetric method.

Second a greenhouse experiment was carried out, by growing corn and alfalfa in
cylindrical plastic pots. Soils with various levels of gypsum were used to fill cylindrical
plastic pots with 6 kg of air-dried soils. A basic dressing of fertilizers were added before
sowing, and mixed with the soil. Each kg of soil was fertilized with 1 g of treble
superphosphate (21% P) 1 g of K2§0O4and 0.5 g of NHaNO3 (22% N). Three additions
of NHsNO: as top dressing of 1 geach, were added to each kg of soil during the growing
period of corn.

Nine seeds of hybrid corn were sown per pot, and the number of seedling was
cleared to three, 10 days after emergence. Harvest of corn tops was done at the tasseling
stage; and fresh weight recorded.

Alfalfa pots were sown with 1.5 g of seeds per pots. Five consecutive cuts of alfalfa
were taken at flowering stage. Fresh weight of various cuts were recorded. The growth
experiment of both corn and alfalfa were run in triplicates.

Plant analysis was carried out on total plant materiel harvested of corn and the first
cut of alfalfa. Plants were oven-dried at 70° C; ground finely and plant sample was
digested with a mixture of concentrated sulfuric acid, selenium and hydrogen peroxide.
Phosphorus was determined by the phospho-vanadate method, Ca and Mg by the
atomic absorption method and K by flame photometry (5).

RESULTS AND DISCUSSION

The results of leaching experiment were reported in table (1). It shows clearly that
concentration of soluble K in the leachates is almost doubled by the addition of gypsum
to soils in the range of 5 to 20 percent of gypsum. An insignificant increase in K
concentration is noticed in soils, with 40 percent of gypsum. Similarly, the magnesium
concentration increased from a level of 2.4 meq /1 in the gypsum free treatment to a
level of 12 meq 1 in soils with 5 to 20 percent of gypsum. However the increase in Mg
concentration was as much (6.5 me /1) in soils with 40 percent of gypsum.

Calcium concentration in the leachates, increased from a level of 3.6 meq /1toan
average concentration of 28.1 meq /1 for all soils with various gypsum concentration.

Consequently the cation ratio in the soil leachates was greatly affected as calcula-
ted in table (1). The K /Ca ratio dropped significantly from 8.4 percent in the gypsum
free soil to a level of 1 percent only for soils with 5to 20 percent of gypsum. The Mg /Ca
ratio dropped as well from 0.80 to 0.22.
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INTRODUCTION

The relation between plant growth and gypsum content of soils had been untill
recently of little interest to most research workers. Crops were found to respond
differently to level of gypsum in the root zone. Several authors assumed that soils with
less than 2 5 percent of gypsum are arable for most crops. Hernando (4) found that yield
of corn grown in pots, were not negatively affected, until gypsum level in soil exceeded
50 percent. Bureau and Roederer (2) assumed that soils containing more than 30
percent could be toxic to plant growth. Discrepancies between authors could be attribu-
ted, either to differences in particle size distribution of gypsum particles in soils, or to
presence of salts, usually associated with presence of gypsum in the field. Fine particle
gypsum could be more surface-active and has higher effect on growth of plants. Matar
(6) in a recent study carried out in pots showed that tolerance of plant to gypsum was
quite variable. Alfalfa, trifolium, mexican wheats and lentil were found tolerant to
gypsum; sugarbeet, broad bean, soybean and corn semi-tolerant while, Burley tobacco
was extremely sensitive to gypsum.

The effect of gypsum on the disturbance of plant growth, was attributed to, either a
mechanical or a nutritional mechanism. Van Alphen (1) considered that hardness of a
gypsic layer in the field, is an important factor limiting crop yield on gypsiferous soils.
The subsequent induration of a shallow gypsic layer could lead to a mechanical resistan-
ce, impeding, roots from growing deeper.

On the other hand, the high solubility of gypsum in soil, would lead to a change in
the K /Ka or Mg /Ca ratio in the soil solution, and disturb plant growth. Most nutritional
work on the effect of gypsum on ion absorption by plant, was carried out on non saline
sodic soils. Poonia (8) found that application of gypsum to sodic soils increased the total
uptake of K and Mg by barley and improved yields. Carlson (3) found that gypsum is a
good displacing agent to move downward K added to a surface soil, to deeper horizons
and consequently correcting K deficiencies on deciduous fruit trees.

The purpose of the present work, is to study first effect of gypsum on the concentra-
tion of major macronutrient cations in the soil solution and second, the effect on yield
and mineral content of a tolerant crop such as alfalfa, as compared to a less tolerant crop
like corn.

MATERIELS AND METHODS

Two simultaneous experiments were carried out on a non-calcareous soil, Rho-
doxeralf, to which was added an increasing amount of ground gypsum crystals and
sieved through a 2 mm diameter sieve to prepare soils with 0, 5, 10, 20, and 40% by wt
of gypsum. The purity of the gypsum was estimated and taken into consideration when
preparing the various soils. The original Rhodoxeralf soil used is a silty loam (surface
sample) air-dried. The soil PH of the saturated paste was 6.7 The NHs acetate
extractable-K was about 5.6 meq 100 g of soil and the cation exchange capacity
equivalent to 28.6 meq /100 g of soil.

First, a leaching experiment was carried out in the laboratory, by filling in a 5 cm
inside diameter plexiglass tubes with 250 g of each of the various gypsiferous soils
prepared. Soils in the columns were leached at 5 consecutive intervals, with 250 ml of
distilled water each. A constant rate of leaching was maintained at nearly 10 ml /min.

-Vel 2



Effect Of Soil Cypsum On Leaching Of K,Ca and
Mg from Soil, Growth and Mineral Content Of
Alfalfa and Corn..

A.E.Matar and G. Jabbour:
Professor of Soil Science at the Faculty of Agriculture
and research assistant respectively, at
Techreen University — Lattakia, Syria

ABSTRACT

A reddish brown non-calcareous soil (Rhodoxeralf) was mixed with an increasing
amount of ground gypsum rocks, sieved with a 2 mm diameter screen, to have soils with
0, 5, 10, 20 and 40% of gypsum by wt.

Two simultaneous experiment were carried out. The first, is a laboraiory experi-
ment where 2 50g of the various gypsiferous soils. prepared, were filled in a 5 cm inside
diameter plexiglass tube, and leached with five 2 50 m] increments of distilled water. Soil
leachates were analyzed for K, Ca and Mg. The second is a greenhouse growth
experiment, carried out on alfalfa (Medicage sativa) and corn (Zea mays L.). Plastic
pots were filled with 6 kg of air-dried soil each. All soils in pots were fertilized with a
basic dressing of 1 g of treble superphosphate (21% P), 1 g of K2SO4 (41.5% K) and
0.5 g of NH4NO3 (33% N) per kg of soil, before sowing.

Three additionnal dressing of 1 g each of NHsNOs per kg of soil, were added to
pots planted with corn during the growing period. Corn pots were sown with 9 seeds of
corn, cleared to 3 seedlings after emergence. Alfalfa pots were seeded with 1.5 g of
seeds. Corn tops were harvested at tasseling stage anf five consecutive cuts of alfalfa
were taken at flowering stage. Fresh weight of plant harvests was recorded.

Plant analysis was carried out on total plant materiels harvested and P,K, Ca and
Mg were determined.

Results of the leaching experiment have shown that K concentration in leachates
was significantly double for soils with. 5 to 20% of gypsum as compared to non-
- gypsiferous soils. Similarly Mg and Ca raised as well from 2.4 and 3.6 meq/1 to a
concentration of 12 and 28.1 meq/1 successively.

Yields of corn plants remained unaffected by level of gypsum up to 20% by wt; but
dropped very significantly (at 1% level) for soils with 40% of gypsum. The cumulative
fresh weight of the 5 consecutive cuts was unaffected by levels of gypsum in soil.

Results of plant analysis have shown that K, Ca, Mg and P contents of alfalfa
remained significantly unchanged in presence of gypsum in soil. However the P and K
content of corn tops dropped very significantly as the level of gypsum in soil increased.
Calcium and Mg in corn plants remained unaffected.

It was concluded first, that presence of gypsum in irrigated soils leads to a substan-
tial mobilization of K and Mg from the adsorption complex with a possible less through
deep percolation if the principle of leaching requirement is applied; second alfalfa, as a
gypsum tolerant plant has resisted the change in its ionic equilibrium, as compared to
corn.
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