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As a result of micronutrient survey of wheat and rice growing areas in some districts of the Punjab,
the available Zn determined in wheat soils ranged from 0.22-1.56 ppm showing 26 % of the soils defi-
cient while in rice soils, Zn ranged from 0.20-1.72 ppm and Cu from 0.274.71 ppm showing 82 and 7 %
of the soils deficient in Zn and Cu respectively. However, Cu in wheat soils and Fe and Mn in both type

of soils were sufficient.

Generally, there was a significant (P < 0.05) positive correlation among various micronutrients and
soil clay, organic matter and carbonate contents but nonsignificant negative with pH. Multiple regression
relationship obtained between DTPA extractable soil Zn and Cu and soil characteristics of either type of

soils was limited to predict element availability in soils.
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INTRODUCTION

Plants need a number of nutrients for proper growth
and performance of various other functions. Some are
required in large while the others in small quantities. Due
to intensive cropping and many years of exploitation of
soils, the former, called macronutrients, become first
deficient in soils, reducing yields measurably. Higher yield
emphasis, however, resulted in their larger applications,
specifically that of N and P. This practice failed to improve
yields [1]. Soil status and response of micronutrient
fertilizers became very much essential to know [2]. Since
along the macronutrients’ uptake by plants, simultaneous
removal of micronutrients from soils is effected, the soils
thus gradually become deficient in micronutrients [3].
Intensive and specialized cropping systems are also condu-
cive to micronutrient deficiency in soils [4] .

Though plants require micronutrients in small quanti-
ties their deficiencies depress yields drastically [5, 6] . Their
excess, on the contrary, exerts strong toxic effects on crop
growth [3, 4, 7]. Supplementation by fertilizers to amelio-
rate their deficiencies should be practised very judiciously.
Prior to making an elaborate programme of micronutrient
fertilization for crops, a knowledge of their available status
in soils is prerequisite.

Survey of rice and wheat growing soils in some dis-
tricts of the Punjab was carried out to determine micronu-

trient levels to develop maps indicating their deficiency
dreas.

MATERIALS AND METHODS

Composite soil samples (0 — 15 cm depth) from 50
and 39 sites in the wheat growing areas of Jhang, Muzaffar
Garh, Dera Ghazi Khan and Vehari and in the rice growing
areas of Gujrat, Sialkot and Sahiwal Districts respectively
of the Punjab were collected. A kg. of the soils from each
site was taken in the plastic bags. The samples were air-
dried, ground with a wooden pestle in a mortar to a 40
mesh fine powder and stored for varius analyses.

Sand, silt and clay constituents of soils were determin-
ed by the Bouyoucos hydrometer method of Jackson [8].
The pH was measured on a pH-meter using a glass electrode
and the salt contents (Ec, mmhos/cm) on a conductivity
meter in 1:2, soil/water suspension [8]. Carbonate (CaCO3)
contents in soils were estimated by Puri’s procedure [9].

Available Zn, Mn, Fe and Cu were measured on atomic
absorption spectrophotometer in soil extracts obtained
by shaking 10 g. of soils in plastic bottles for 2 hr. with
20 ml of 0.005 M. The DTPA (diethylene triamine penta-
acetic acid) solution containing 0.1 M. triethanolamine
and 0.01 M. CaCl, was finally adjusted to pH 7.3 as re-
commended by Lindsay and Norvell [10].

RESULTS AND DISCUSSION

Soils. Both wheat and rice areas were rich in clay
occasionally containing more than 60 % (Table 1) which is



Micronutrient status of Punjab soils

conducive to the micronutrients’ fixation [11, 12]. Soils,
being saline in nature (having pH between 7 to 9), inhibited
the micronutrient availability in soils and consequently
their absorption by plants [13, 14]. Carbonates, depending
on the type, particle size and amount in soils [15], check
micronutrients, especially Zn uptaxe by plants [15, 16].
Organic matter in soils was apparently low (Table 1) but
the effect, depending on various factors [13, 17 — 19],
could have a strong bearing on the micronutrient availabi-
lity in soils. Phosphorus particularly added as a fertilizers,
due to interactive effects, could adversely affect the micro-
nutrients availability in the soils [20 — 22]. It is evident
that the characteristics of both type of soils may be condu-
cive to low availability of micronutrients in soils.
Concentration. The concentration of Zn, Cu, Fe and
Mn (Table 2 and 3) extracted by the DTPA method from
soils [10] fall well within their respective ranges reported
round the world [6, 7, 14, 23]. However, the minimum
concentration levels of Zn, Cu and Mn, except Fe, in soils
(Table 1) were higher while the maximum ones were quite
lower than that known internationally [24]. The soil as
well as the environmental factors [14, 23, 25] and agro-
nomical practices [6, 7, 14] (as ferrous changes to ferric
under aerated conditons resulting in its decreased availabili-
ty and vice versa) are the causes for quantitative differences
in the available amounts of micronutrients in soils that have
evolved under various ecological zones of the world [25].
Majority of the soils (Table 2 and 3), particularly those
growing rice were noticed to be deficient in Zn like the
ones marked out in different parts of the world [7, 14, 23,
24, 27] and occasionally in Cu due to soil characteristics
[11,12,15,16], environmental variables [24, 25], cultural

Table 1. Physico-chemical properties of soils.

Properties Wheat soils Rice soils
studied Ranges Average  Ranges Average
Sand (%) 134 —-76.4 434 184 -71.8 38.3
Silt (%) 11.0 -71.0 28.8 151 —-419 28.7
Clay (%) 96 —64.0 36.5 13.1 -53.6 33.5
Texture #*SL-C - *SL-C -
pH (1:2) 80 - 9.1 8.5 7.0~-— 9.2°* 8.2
Ec.mmhos/cm (1:2) 0.28 — 9.50 1.40 0.12 - 1.00 0.35
Organic matter (%) 063 — 2.16 1.38 0.10 - 1.79 0.95
CaCO 3 (%) 3.33 - 1145 6.62 0.00 — 10.93 5.82
Olsen-P. ppm 0.14 - 11.18 4.82 0.14 — 8.87 323
DTPA-Zn, ppm 0.22- 1.56 063 0.20 1572 0.45
DTPA-Cu, ppm 0.50 - 3.17 1.59 027 — 4.71 1.91
DTPA-I'e, ppm 55 —-28.0 14.0 55 —954 49.9
DTPA-Mn, ppm 120 —40.0 23.0 7.5 =219 13.9

*SL = sandy loam and C = clay.
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Table 2. Zinc, Cu, Fe and Mn concentrations of soils
sampled from wheat areas.

Concentration (ppm)

Soil sites Zn Cu Fe Mn
1. Rajoa, Jhang 0.52 1.67 10.0 40.0
2. Chiniot-I, Jhang 0.52 0.83 10.0 15.6
3. Chiniot-II 0.69 1.83 135 252
4. Rabwah, Jhang 0.56 1.67 12.5 15:2
5. Khewa, Jhang 0.69 2.67 21.0 28.8
6. Lalian, Jhang 0.78 1.50 8.0 26.4
7. Bukhari-I, Jhang 0.35 0.58 7:5 124
8. Bukhari-II, Jhang 043 0.50 5.5 18.4
9. Rangpur, Jhang 0.52 1.50 10.0 28.0

10. Doratta, Jhang 0.35 1:17 10.0 28.0

11. Suleman, Jhang 0.35 1:17 9.5 24.8

12. Mekhiana, Jhang 0.52 0.83 8.5 21.6

13. Athara Hazari], Jhang 0.35 15 %7, 1.5 14.0

14. Athara Hazari-II, Jhang 0.43 0.92 6.0 21.6

15. Athara Hazari-III, Jhang 0.69 1.00 10.0 16.8

16. Ahmedpur, Jhang 0.52 0.67 5:5 24.4

17. Lungar Sarai, M. Garh 0.69 0.67 8.0 34.4

18. M. Garh-I, M. Garh 0.43 050 7.5 16.0

19. M. Garh-II, M. Garh 0.48 1.83 21:5 13.6

20. M. Garh-III, M. Garh 0.69 1.42 135 20.0

21. Shah Model Farm, M. Garh 0.69 1.50 I5:0 13.5

22. Samnawala, M. Garh 0.22 0.50 6.0 18.8

23. Khan Garh-I, M. Garh 0.52 1.83 8.0 144

24. Khan Garh-II, M. Garh 0.69 1.50 120 25.6

25. Pirwala, M. Garh 0.78 1:33 14.0 35.2

26. Shahr Sulté.n—l, M. Garh 0.69 2.50 14.0 16.8

27. Shahr Sultan-II, M. Garh 0.52 149 7.5 27.2

28. Kot Addu, M. Garh 0.52 167 16.0 12.8

29. Kot Chutta-I, D.G. Khan 0.87 267  30.0 27.2

30. Kot Chutta-II, D.G. Khan 0.69 233 26.0 19.2

31. Jampur, D.G. Khan 0.95 1.83 15.0 34 .4

32. Dajal, D.G. Khan 0.52 1.83 15.0 22.4

33. Dandi, D.G.Khan 0.69 1.75 13.0 19.2

34. Hajipur, D.G. Khan 1.13 233 280 256

35. Kotla Lunden, D.G. Khan 0.95 3117 25.0 32.0

36. Rajanpur, D.G. Khan 1:22 233 240 32.0

37. Kotla Nur Mohd, D.G. Khan 061 1.08 18.0 20.0

38. Vehari-I, Vehari 0.69 2:507 1i118:0 324

39. Ludden-l, Vehari 0.69 1.75 14.0 32.8

40. Ludden-II, Vehari 043 2.00 14.0 20.8

41. Ludden-III, Vehari 0.52 1.17 10.0 28.8

42. Ludden-1V, Vehari 1.22 134 115 20.0

43, Ludden-V, Vehari 1.56 267 20.0 384

44, Vehari-llI, Vehari 0.35 1.33 10.0 20.0

45. Nurshah-I, Vehari 0.65 317 24.0 20.0

46. Nurshah-II, Vehari 0.65 1.50 18.0 24.0

47. Melsi-1, Vehari 0.35 1.75 20.0 22.0

48. Melsi-11, Vehari 0.69 1.83 15.0 32.0

49. Machianwala, Vehari 0.43 167 14.0 18.0

50. Burewala, Vehari 061 1.50 15:5 12.0

*No. of deficient sites (13 (26%) None None None

*Categorized on soil critical limits of Zn = 0.5, Cu = 0.4, I'e = 2.5 and

Mn = 1.0 ppm (bracket denote percent sites deficient in clements).
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Table 3. Zinc, Cu, Fe, and Mn concentrations of soils micronutrients unless the correlation between soil and
sampled from rice areas. plant contents as well as yield responses may be studied
since sometimes an element, that a soil test is showing

Concentration (ppm)

Soils sites Zn Cu T Mn to be adequate in a soil, may not fulfil its own crop require-
ments and vice versa.
1. Chak Alawal, Sahiwal 0.36 249 140 16.3 Correlation. The contents of nutrient elements in soils
2. Chak Maisoor, Sahiwal 0.32 142 16.0 106 may depend on the materials they are derived from [4, 32]
z g‘ﬁ: ;“;‘321/‘65-;1?;:?}:1%1 (1)Z£2; ;;g ;32 i:: but their. availabilities depend on the total contents [24]
5. Sahiwal, Sahiwal 0.36 209 240 163  and particularly the changes due to environmental factors
6. ,Chak 34/EB, Sahiwal 0.28 178 175 87  [14, 24, 25] the soils have been put to. With no frequent
7. Jewan Shah, Sahiwal 0.36 262 615 15.0  changes occurring in the environments of a region, know-
8. Chak 57/EB, Sahiwal 048 320 83.0 13.7  ledge about certain soil components having natural rela-
9. Arifwala, Sahiwal 036 124 175 8.7 tionship with elements could help to somewhat quantita-
e e Siak- RAE 150 tively know the amounts of elements including the micro-
11. Sidhar, Sahiwal 0.40 3.06 723 11.2
12. Pakpatan, Sahiwal 048 471 892 150  nutrient elements in the soils [32].
13. Chak 48/2-L, Sahiwal 0.32 1.82 260 13.1 Significant correlation between DTPA-extractable soil
14. Kot Bhattian, Sahiwal 0.40 195 46.1 131 Znor Cu and Zn or Cucontents as well as yield responses in
15. Mazharabad, Sahiwal 0.28 244 585 144 different plants has been established and the test thus has
i‘;’ 2:;;:::““8‘;:%“’“ g;g i(s): ;;g if; been commonly used for accurately predicting the availabili-
18. Qila Dewan’Si.ngh, Sahiwal 0.20 155 140 8.7 ty of Zn or Cu in soils [4, 10, 13, 24,32, 33]. Correlation
19. B.S. Link, Sahiwal 0.40 195 250 12.5  coefficients studied (Table 4) showed a significant rela-
20. Meer Kot, Sahiwal 0.60 2.58 685 7.5  tionship (P < 0.05) between some of the rice or wheat soil
21. Chak Wattuan, Gujrat 0.52 186 523 125 characteristics and the micronutrients removed by DTPA
22, Kunjah, Gujrat Risd ek L 100" extractant from the soils. Therefore, multiple regression
23. Maggowal, Gujrat 0.36 1.82 46.2 10.0 ) . . . .
24. 6 m from Gujrat 028 1.02 431 100  ©quations relating soil chemical characteristics to DTPA-
25. Kothala, Gujrat 0.80 0.31 6.5 21.2  extractable soil Zn and Cu values (Fe and Mn are excluded
26. Tanda, Gujrat 0.24 0.27 55 10.0  because of their being adequately present in soils) were
27. Bagowal, Gujrat 0.20 031 8.5 20.6  studied to ascertain if, with the help of data on the physi-
28. Gondal, Gurat 0.32 0.84 200 7.5 cochemical characteristics of soil available, Zn or Cu
§§ z::rmﬁ;ﬁsf:&ot g;; igg gi; igg amotfnts could be' precisely predicted to delineate the
31. Sialkot, Sialkot 0.36 133 60.0 219  deficiency areas. Soil values of clay (%), pH, organic matter
32. Pakki Kotli, Sialkot 1.32 195 592 156 (%) and carbonates (%) were used together to predict the
33. Daska, Sialkot 0.32 133 746 156  extractable Zn and Cu values. It has been shown (Table 5)
34. Ghoinke, Sialkot 1.32 120 708 13.1  that extractable Zn and Cu values could not most accurate-
35. Chak Gﬂl.a“’s§alk°t 0.24 147 46.2 11.2 ly be predicted in this way since the best r? x 100 were
36. Kanwanlit-I, Sialkot 0.36 249 600 12:5 . .
37. Kanwanlit-II, Sialkot 0.40 098 954 175 generally less than 75%. This shows that the available Zn
38. Ranijhi, Sialkot 0.32 1.82 538 125 and Cu in our soils may not only be dependent on these
39. Babakwala, Sialkot 0.24 1.73 738 15.0

Table 4. Correlation of DTPA-Zn, -Cu, -Fe and -Mn in
*No. of deficient sites 32(82%) 3(7%) Nome  None soils with clay, O.M., CO3 and pH of soils.

*See Table 2 for deficiency categorization.

‘r’ values
Soil -

practices [23, 27] (as rice is grown under submergence) variables Wheat soils Rice soils

and N as well as P fertilization [20 — 20, 29]. Though Fe Zn Cu Fe Mn Zn Cu  Fe Mn
and Mn apparently seemed to be adequately presen't in sm.ls Clay S%en | e BUE e s, A B
(Table 2 and 3), some crops grown thereon might still OM. 64% 21 41%  58%F  38*  Go%k  54%% 06
show their deficiencies [5, 6, 28], due probably to genetic €O, 8% 30%%  43%% 16  — 21 —.14 —24 —.53%*
variability [23, 39] and other factors [12, 14, 23], thus pH -19 -17 -.06 -39 -.09 —-.05 -.33*-.24
indicating their hidden deficiencies [7]. However, a soil *—significant at 5% level, **—significant at 1% level and unstarred

cannot actually be designated as deficient or adequate in figures are not significant.
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Table 5. Multiple regression equations relating soil physico-
chemical characteristics to DTPA-extractable Zn and Cu
values in wheat and rice soils.

Wheat soils 12 x 100
DTPA-extractable Zn= —0.371 + 0.001 clay + 0.435 O M.
+0.017 CO3 +0.037 pH 439
DTPA-extractable Cu= —0.730+ 0.011 clay + 0.764
OM. +0.971 CO; + 0.069 pH 374
Rice soils 2 x 100

DTPA-extractable Zn= — 0.953 — 0.006 clay + 0.519 O.M.
—0.037CO3 +0.155pH ' 274
DTPA-extractable Cu= 0.845 +0.030 clay + 1.546

O.M. +0.003 CO3 — 0.173 pH 45.2

soil characteristics but on others also. However, systemati-
cally including other possible soil variables in the regression
equation and as much eliminating experimental errors as
possible might enable us to reach a stage to ultimately
precisely predict their available amounts in soils. These
points will specially be taken into consideration during
the following investigations being carried out in a com-
paratively small area with more detailed soil sampling.
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