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ABSTRACT

This study aimed at estimating the quantity of exchangeable and non-exchangeable
potassium (K) in calcareous agricultural soils in Jordan, and determining the contribution of
exchangeable and non-exchangeable K to plant nutrition. The soils were collected from 18
different agricultural regions, and thereafter cultivated with alfalfa without adding fertilizers.
The results showed significant differences for dry matter, total K uptake of the plant, and in
the contribution of exchangeable and non-exchangeable K in different soils. The soils were
divided into two major groups. The first group included Deer Alah, Alzaitunah, Almafrag,
Alshubak and Albagah, which characterized mainly by high K in vegetative parts and
optimum soil K content enough for Alfalfa growth in the second and third cuts. The other
soils were clustered together in one group, which showed lower K concentrations than the
optimum. Dry matter production was significantly correlated with K uptake in plant tissue
(r=0.755**), and with exchangeable and non-exchangeable K (r= 0.536* and 0.589*,
respectively). Total K uptake was significantly correlated with initial exchangeable K, and the
contribution of exchangeable and non-exchangeable K in plant nutrition.

Key words: alfalfa, calcareous soil, soluble K, exchangeable K, non-exchangeable K, total K
uptake.
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Fig. (1): Collection sites of soil samples. See Table 1
for collection site names.
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Availability of exchangeable and non-exchangeable

Table (1): Some chemical and physical properties of studied soils.
s. |. =sandy loam

dakid) | Location Soil Particle size distribution Texture pH EC O.M. CaCO, CEC Avail. K Avail. P
No. (%) (1:1) (1:1 (%) (%) (meq100g* | (mgkg® | (mgkg? soil)
Silt Sand Clay ms cm™) s0i) soil)
4% | Mutah 1 11.5 69 19.5 s. | 7.86 0.6 1.08 19 42 282.4 24.6
4l | Alharbih 2 12 64.5 235 s.c. | 7.8 0.5 0.87 29 25 320.2 71.8
L0 | Alrabah 3 14 58.5 275 s.c. | 7.8 0.6 1.26 24 40 464.2 76.4
dashy ol | um abtamah 4 115 65 235 |s.cl 7.63 0.6 15 23 32 376.2 70.8
Oy | Bathan 5 4 86.5 9.5 l.s. 7.63 1.8 1.68 21 28 394.1 68
o8 | Shahtur 6 25 49 26 s.c. | 7.53 0.9 0.98 17.9 43 458.5 51.1
&ws | Abien 7 55 71 235 s.c. | 7.46 0.6 1.6 11 50.1 437.8 47.5
4a8d) | Albagah 8 15 61.5 23.5 s.C. | 7.69 0.7 1.6 22 55.8 463.3 67
45 ¢ | Abu Trabah 9 7.5 62 24.5 s.c. | 7.88 1.1 0.84 20 40.2 303.5 8.4
casall | Almugab 10 175 64 18.5 s. | 7.64 0.8 0.7 31 39.2 452.1 76.4
d@udall | Almafrag 11 18 66.5 15.5 s. | 7.06 1.6 1.3 28 42.8 605.6 112
Law | Sama Alrusan 12 8 62 30 s.c. | 7.6 0.8 1.82 16 55 512.4 55.9
Gy A
5,580 | Alkurah 13 7.5 68 24.5 s.c. | 7.15 0.9 2 14 57 393.4 162.8
syl | Alsuraw 14 9 63 28 s.c. | 7.46 0.7 1.2 17 51.3 134.0 37
gl | Alshubak 15 9.5 74 16.5 s. | 7.49 1.2 2.1 23.3 30.2 690.5 119.3
Lguil | Alzaitunah 16 11 59.5 29.5 s.c. | 7.55 1.7 1.82 21 53 501.2 101
e | Deer Alah 17 12 62.5 25.5 s.c. | 1.74 18 1.64 22 56 856.3 104
Jaa | Jarash 18 135 52 34.5 s.c. | 7.86 0.8 1.2 20 58.5 503.4 133.3

s. ¢. | =sandy clay loam
0O.M.= Organic matter
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Havlin and Westfall,
:(1985
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Availability of exchangeable and non-exchangeable

Table (2): Availability of exchangeable K and non-exchangeable K, cumulative uptake and dry matter.

dahial) Location Soil Dry matter Dry matter Total K uptake | Exchan. K uptake | Non-Excha. K
No. mg pot™ mg pot™ uptake
mg kg™ soil
diga Mutah 1 36.9hi 484.2ji 193.6ij 51.8¢ 141.8efgh
A al) alharbih 2 32.7i 347.4jk 138.9jk 43.99 95.0ghi
a0 alrabah 3 40.4fghi 523.3hi 209.3hi 42.59 166.8ef
dah; o um abtamah 4 47.9defg 650.7fgh 260.3fgh 97.9efg 162.3ef
Ol Bathan 5 51.5def 892.4d 356.9d 108.1defg 249.0d
JEad Shahtur 6 41.5efghi 730.1ef 292.0ef 204.4acb 87.6hi
s Abien 7 47.6defgh 690.6fg 276.3fg 92.2efg 184.0e
dadyl) Albagah 8 49.3defg 1113.3d 445.3c 89.3efg 355.9b
45 s Abu Trabah 9 38.7ghi 501.3hij 200.5hij 77.7fg 122.8fgh
sl Almugab 10 39.2ghi 568.6ghi 227.4ghi 104.5defg 131.9efgh
@odall Almafrag 11 52.1de 1422a 568.8a 104.5defg 464.2a
Gy ) Lan Sama Alrusan 12 49.7defg 872.6de 349.0de 248.1ab 101.1ghi
8 ssll Alkurah 13 54.7cd 594.6fghi 237.8fghi 53.7fg 184.2¢
Syl Alsuraw 14 43.9defghi 304.9k 121.9k 67.6fg 54.3i
s gl Alshubak 15 65.1bc 1376.7ab 550.6ab 265.8a 290.8cd
g3y 30 Alzaitunah 16 80.3a 1272.4ab 508.9ab 166.4cde 342.7bc
Ao Deer Alah 17 76.0ab 1266.8cb 506.7cb 179.6bcd 330.1bc
S Jarash 18 67.1b 704.3fg 281.7fg 132.1cdef 149.5efg
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Aalaiall Location of Abbr
collected soils
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Fig. (2:) Clustering analysis of different soils at different locations.
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Table (3): Concentrations of K (mg Kg™ dry weight) in alfalfa cuts.

dahial) Location Soil No. Cutl Cut2 Cut3 Cut4 Cut5 Cut6
diga Mutah 1 13.63 ghi 14.93j 12.27h 14.07ef 15.57cd 9.18defg
A al) alharbih 2 11.71ij 14.36j 16.73¢ 9.41g 9.99f 6.32gh
4 alrabah 3 17.20 de 14.48j 16.96¢ 11.95fg 12.62def 6.62egh
daghy o) um abtamah 4 15.10 fg 16.35ij 19.46efg | 16.71cde 14.93cde 8.11defgh
Oy Bathan 5 16.6 def 23.66fg 20.35fde | 19.69bc 15.69cd 14.37bc
J5ad Shahtur 6 13.76 gh 25.73ef 21.09def | 16.67cde 12.89cdef 10.46cdefg
e Abien 7 15.5 efg 21.42gh 16.82g 16.8cde 11.02ef 10.94cde
dayl) Albagah 8 20.01 bc 29.21cd 30.17a 22.7ab 15.69cd 17.34b
45 5 Abu Trabah 9 11.52 j 14.03j 21.84cde | 11.71fg 13.92cdef 6.34gh
2l Almugab 10 16.82def 20.1h 23.19cd 15.22def 9.81f 10.64cdfe
(il Almafrag 11 17.2de 37.24b 24.55bc 25.16a 23.15a 22.84a
Qg ) Lo Sama Alrusan 12 15.22 fg 27.89de 23.36¢d 17.93cde 17.04bc 16.02b
88l Alkurah 13 13.03hij 15.24j 18.33fg 11.1fg 11.78def 7.13efgh
Syl Alsuraw 14 9.2 kl 9.27k 6.95i 4.97h 4.53g 4.03h
) Alshubak 15 21.17 ba 43.59%a 26.98b 24.13a 20.83ab 23.62a
&g Alzaitunah 16 16.48def 34.85b 19.6efg 16.35cde 15.05cde 11.41cd
e o Deer Alah 17 18.43cd 31.94c 24.46bc 24.13a 20.79ab 18.27b
G Jarash 18 22.39a 19.02hi 21.75cde | 19.04bcd 20.83ab 11.02cde
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Table (4): Concentration of exchangeable and non-exchangeable K in soil before and after planting and the percentage of reduction.

Wat. Sol. K | Exch. K | Non-exch. K
dahidl | Location Soil mg kg-1 soil
Nr. Initial Final Reduction Initial Final Reduction Initial Final Reduction
(%0) (%0) (%0)

4d5a Mutah 1 10.9 8.7 20.1 271.5 235 13.4 928.3 758.3 18.3
dy Al alharbih 2 14.9 9.1 38.9 305.3 231 24.3 1443.7 1236 14.3
40 alrabah 3 17.8 13.9 21.9 446.4 401 10.1 1416 1242 12.3

daghay ol um abtamah 4 12.3 6.7 455 363.9 268.7 26.2 1417.2 1357.3 4.2
Y Bathan 5 111.2 825 25.8 282.9 220 22.2 933.2 680 27.1
S5l Shahtur 6 14.5 8.5 41.3 444 303 31.7 1126.8 1010 10.4
s Abien 7 11.9 7.6 36.1 425.9 341.6 19.8 1320.9 1188 10.4
dadyl) Albagah 8 16.4 14.9 9.1 446.9 299 33 1273.1 933 26.7
Ry Abu Trabah 9 19.9 17.8 10.5 283.6 205.6 27.5 558.4 470 15.8
@ gal) Almugab 10 27 25 7.4 425.1 347 18.3 1540.5 1040 32.4

(a8l Almafrag 11 69.9 47.4 32.1 535.7 398 25.7 1669.9 1532 8.2

Ol g A Lo Sama Alrusan | 12 25 14.3 42.8 487.4 229.8 52.8 1008 785.3 11
5 ssl) Alkurah 13 13.4 10.4 22.3 440.4 380 13.7 1371.3 1182 135
Spad) Alsuraw 14 7.8 5.5 29.4 126.2 60.6 40.4 344.3 298.5 13.8
Ly gulil) Alshubak 15 90.1 57.7 35.9 600.4 335 44,2 877.6 757.3 13.3
i3 Alzaitunah 16 20.7 12.9 37.6 480.5 314 34.6 1409.6 1160.6 13.7
A o Deer Alah 17 49.4 29.9 39.4 806.9 575.2 28.7 1395.3 1237 17.6
i Jarash 18 11.7 7.5 35.8 491.7 359 26.9 1538.7 1352.5 11.3
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Table (5): Correlation coefficient among different parameters.

Dry Total K- Ex.K- Non-ex. Int.ex,K Int.Non-

Silt Clay pH O.M. CaCO3; CEC matter upt. upt. K-upt soil ex.K soil
Silt 1 0.116 -0.043 -0.475* 0.442 0.012 -0.137 0.117 0.125 0.075 0.244 0.404
Clay 1 0.266 -0.052 -0.346 0.647** 0.647 -0.244 0.079 -0.361 0.093 0.058
pH 1 -0.423 0.159 -0.155 -0.175 -0.362 -0.106 -0.39 -0.141 -0.161
O.M. 1 -0.418 0.272 0.654** 0.59** 0.448 0.469* 0.431 0.021
CaCos3 1 -0.54* -0.122 0.157 -0.096 0.266 0.129 0.399
CEC 1 0.452* 0.152 0.12 0.113 0.313 0.09
Dry matter 1 0.725** 0.536* 0.589* 0.672** 0.242
Toltal K-upt. 1 0.622** 0.884** 0.738** 0.291
Ex.K-upt. 1 0.186 0.586** -0.068
Non-ex.K-upt. 1 0.58* 0.408
Int.ex.K Soil 1 0.537*
Int. Non-ex.K
Soil 1

*, ** Significant at 0.05 and 0.01 probability level, respectively

O. M., Organic Matter; Int.ex.K, initial exchangeable K; Int. Non-ex. K, initial Non-Exchangeable K.
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