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RESPONSE OF WHEAT AND OAT CROPS TO POTASSIUM APPLICATION
AND ARTIFICIAL IRRIGATION WITH CANAL WATER

Mukkram A. Tahir, Rahmatullah, Maqsood A. Gill, Tariq Aziz and M. Imran
Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad

We assured the growth response and K uptake of wheat (cv. Inqlab-91) and oat (cv. S-2000) to K application and
irrigation with canal and distilled water in a green house experiment. The surface (0-15cm) and sub-surface (15-
30 cm) samples each of the two soils were used in the study. The soils had 145-155 mg kg·

1
NH40Ac extractable

K. The soils were exhausted for their K in the green house fora total of 84 days (D) by growing consecutively
wheat (Triticim astivum L.) (42 D), and oat (Avena sativa L.) (42 D). Biomass accumulated by the both crop
species was significantly (P < 0.01) different on the different soil types along with different source of irrigation
water. Total K uptake (64-120 mg K per pot) and concentration of K in the two plant species was also significantly
different on the different soils. Various plant species utilized 32-76% of their total K uptake from NH\ non-
exchangeable K reserves of soils.
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INTRODUCTION

Potassium (K) is an essential plant nutrient for plant
growth. Agronomic data generated in the past often
showed an erratic and inconsistent response to applied
K under different agroclimatic conditions of Pakistan.
Pakistani soils are derived either from alluvial or loess
deposits. They have an abundance of K-bearing
minerals that are well supplied with available K. Mica
has been identified as the main source of K for plant
growth in most soils of Pakistan (Bajwa, 1994). Status
of bioavailable K in cultivated soils of Pakistan is a
matter of controversy. Most of the cultivated soils in
Pakistan have a sufficient supply of available K for
optimum plant growth (Saleem and Bertilson, 1978).
Plants utilize significant quantities of non-
exchangeable K from silt as well as clay fractions of
Pakistani soils. Non-exchangeable K contributes 95 %
to the total K uptake by plants. This high release of the
non-exchangeable K to exchangeable form could
explain the relatively more available K in most of the
cultivated soils of Pakistan and non response or little
response of crops to applied K fertilization (Men gal and
Rahmatullah, 1994). Crop production on most of
Pakistan is only possible through artificial irrigation
available from canal and tubewells. Significant amount
of K is present in canal and tubewell waters. Canal
water had a higher K content (7.22 mg' L·

1
) than

tubewell water (6.48 mg L'1). Canal water had also
significant role for sustainable crop production as
enough amounts of available K present in the
suspended material of canal water (Shakir et ai, 1994).
Irrigation of crops with canal or tubewell water is
common in many arid and semiarid areas of the world.
Canal irrigation water often contributes much silty
sediments and can add about 25 kg of soluble K/ha/yr
to irrigated fields (Malik et aI., 1989). The irrigation

water contributes 14 to 34 kg K per hacter annually
towards soil K reserves (Bajwa, 1987). Dynamics of K
in Pakistani soils has not been studied systematically
and, as a result, only scanty and fragmentary
information on this subject is available. Much remains
to be done in this direction. Therefore, Objective of the
present study is to evaluate the effect of K application
and source of irrigation water on the growth and K
uptake by wheat and oat crops.

MATERIALS ANb METHODS

Soils

The study was conducted on surface (0-15 cm) and
sub-surface (15-30 ern) samples of each of the two
soils collected from the university experimental farms.
The soils were air-dried, ground, and passed through a
2-mm sieve. Sub-samples of the soils were analyzed
for texture by the hydrometer method (Day, 1965), for
CaC03 by the acid dissolution method (Allison and
Moodie, 1965), and for organic matter content by the
Walkely-Black method (Allison, 1965). Soil pH was
measured in saturated soil paste by a calomel-glass
electrode assembly using a Beckman pH meter. Soil
samples collected before and after cropping were
analyzed for NH40Ac extractable K. (Table 1).

Greenhouse Study

Three kilograms of each of the two soils were filled into
twelve pots lined with plastic bags. The soil in the pots
was exhausted for K by growing wheat (Triticum
aestivum Cv. Inqlab-91), and oat (Avena aestivum L.
S-2000) ·in a greenhouse. Ten wheat plants grown in
each pot for 6 weeks (42 days) were followed by 10
plants of oat per pot. Nitrogen at 120 mg per kg
(applied in two equal splits), P at 90mg per kg, and K
at the rate of 0, 150 mg per kg (as per treatment) were
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applied in each pot. Soil in each pot was irrigated with
canal and distilled water, emptied, mixed thoroughly,
and repotted each time before planting the next crop.
Various treatments were imposed in triplicate to
completely randomized factorial design. Only the
shoots of Wheat and oat shoots were harvested and
dried at 80 0 C in a forced-air oven. The plant samples
were fine ground and digested with diacid mixture of
HN03: HCI04 (1 :3) for K determination on
flamephotometer.

Statistical Analysis

Data for cumulative dry matter yield and total K uptake
by the two plant species was analyzed statistically
according to a completely randomized factorial design
according to procedures given by Steel & Torrie
(1980). Comparison among different means for soil
types, irrigation sources and K treatments were made
by DMR test at 5% probability level (Duncan, 1955).

RESULTS AND DISCUSSION

Medium textured soils used in this study were alkaline
calcareous in reaction and had no salinity problem.
Their NH40Ac extractable K content was more than its
critical limit of 60 mg K kg-1 soil (Table 1).

Table 1. Selected properties of the soils

matter yield (4.7 g pot" on soils irrigated w.ith canal
water, without K application. It was followed by control
(Without K) irrigated with distilled water and K
application and irrigation with canal water in
descending order. While minimum shoot dry matter
yield (4.1 g pot") was observed on soils irrigated with
distilled water and fertilized with K (Figure 1). Shoot dry
matter yield was generally more for wheat crop than for
the following oat crop (Table 2). Effect of source of
irrigation water and K application has also been
reported some earlier workers (Siddique et aI., 1987
and Bhatti et aI., 1989).

Potassium uptake

Potassium concentration a in wheat and oat shoot was
marginal as compared to its critical limit in cereals
(Westfall et aI., 1990) there was a significant (P<0.01)
main and interactive effect of soils, K application and
source of irrigation water on K concentration in wheat
and oat shoots (Table 3). Potassium concentration in
both plant species ranged from 1.40 to 2.90% (Table 3).
Pattern of K concentration in shoot was similar in both
plant species as compared to more shoot dry matter
yield in wheat than succeeding oat crop.

- Soil (depth, cm)

Property Unit S1 S1 S2 S2
(0-15 cm) (15-30cm) (0-15 cm) (15-30 cm)

Mechanical composition

Clay % 28 26 22 20

Silt " 23 24 23 25

Sand " 49 48 45 42

Texture class Sandy clay loam Loam

PH 1:1 - 8.40 8.26 8.33 8.09

ECe 1:1 ds rn' 1.70 1.65 1.75 1.70

Organic Matter % 0.86 0.82 9·90 0.92

CaC03 equivalent " 2.76 2.70 2.80 2.78

NH4OAc-K mg/kg 150 145 155 145

Plant growth

There was a significant (P<O.01) main and interactive
effect of soil, K application and source of irrigation
water on shoot dry matter yield of wheat and oat (Table
2). Wheat and oat accumulated maximum -shoot dry

There was significant (P < 0.01) main and interactive
effect of soil, K application and source of irrigation
water on total K uptake in wheat and oat shoots (Table 4).
Total K uptake was generally more in wheat than in oat
shoots for the parallel treatments. Maximum total K
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uptake (111.6 mg K pot-" by plant was observed for
irrigation with canal water without K application (Figure
2). It was followed by total K uptake by plants irrigated
with distilled water without K application and irrigation
with canal water and K application in descending order.
Plants receiving K fertilizer and irrigation with distilled

water accumulated minimum total K uptake (92.4 mg K
pot") in shoot. Significant effect of source of irrigation
water and K application on total K uptake by cereals
has also been reported by some earlier investigators
(Siddique et al., 1987 and Bhatti et al., 1989).

Table 2. Shoot dry matter yield (g/pot) of wheat and oat plants (Figures are means of 3 reps)

Soil Source 9f irrigation water

Distilled water Canal water

Control + K @ 150 mg kg-1 Control + K @ 150 rng kg-1

Wheat (Triticum aestivum)
S1 4.08 a 3.11 c-e 3.00 c-f 2.86 d-f

S2 2.52 fg 2.26 9 2.86 d-f 2.82 d-f

S3 3.30 cd 2.52 fg 3.91 ab 3.45 bc

S4 2.65 e-g 2.65 e-g 2.63 e-g 2.60·e-g

Oat (Avena sativa)
81 1.69 a-c 1.86 a 1.81 ab 1.51 c-f

S2 1.46 ef 1.16 h 1.50 d-f 1.41 fg

83 1.69 a-c 1.67 b-d 1.62 c-e 1.86 a

S4 1.35 fg 1.15 h 1.41 fg 1.25 gh

S1 = 8andy clay loam, 0-15 cm, S 2 = 8andy clay loam, 15-30 cm
83 = Loam, 0-15 cm 83 = Loam, 15-30 cm

Table 3. Potassium concentration (%) in wheat and oat plant shoots (Figures are means of 3 reps)

Soil Source of irrigation water

Distilled water Canal water

Control + K @ 150 mg kg-1 Control + K @ 150 mg kg-1

Wheat (Triticum aestivum)

81 2.10 e-g 2.53 ab 1.83 h 2.75 a

S2 2.16 b-f 1.93 f-h 2.46 bc 2.23 c-e

S3 2.23 c-e 2.43 bc 2.13 e-g 1.401

84 1.431 2.10 e-g 2.40 b-d 1.90 gh

Oat (Avena sativa)
81 2.23 d-f 2.83 a 2.66 a-c 2.90 a

82 1.60 9 2.73 ab 1.93 f 2.13 ef

83 2.00 f 2.40 c-e 2,90 a 2.70 a-c

84 2.10 ef 2.80 a 2.33 de 2.46 b-d

S1 = 8andy clay loam, 0-15 cm, 82 = 8andy clay loam, 15-30 cm
S3 = Loam, 0-15 cm S3 = Loam, 15-30 cm
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Fig 1. Total shoot dry matter yield by wheat and oat plants.
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Fig. 2. Total K uptake by wheat and oat plants
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Present results have indicated some favorable effect of
canal irrigation water on plant growth and total K
uptake by plant. These results were unable to
illuminate the effect of canal irrigation water on the
utilization of non exchangeable K due to high available
K in soils which warrants further investigation in this
direction.
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