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COMPARATIVE GROWTH PERFORMANCE OF RICE AND WHEAT
VARIETIES AT DIFFERENT EC AND SAR RATIOS IN SOIL
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We have compared growth performance of seven rice and six wheat salt tolerant varieties at different
salinity/sodicity levels in pots. Sandy clay loam soil was used to achieve various EC:SAR ratios, i.e. 3.1 :8.6 (T

1
),

3.9:14.3 (T2), 6.4:15.4 (T3), 7.6:27.8 (T4), 10.3:25.6 (T5) and 11.9:47.4 (T6). Seven rice and six wheat varieties
were grown and irrigated with canal water. Among the tested rice varieties, SSRI-8 gave maximum productive
tillers and paddy yield. Among the tested wheat varieties, SR1-32 gave maximum plant height, productive tillers
and grain and straw yields. The high EC:SAR ratios proved more hazardous for rice than that of wheat.
Irrespective of the varieties tested, the highest levels of EC and SAR (T5 and T6) caused significant reduction in
paddy yield while at the lowest levels of EC and SAR (T1 and T2) paddy yields were not affected significantly
when compared with control. But in case of wheat crop, all the levels, i.e. lowest (T

1
and T

2
), medium (T

3
and T

4
),

and highest (T5 and T6) of EC and SAR tested, affected wheat yield adversely with significant differences among
EC:SAR ratios as compared to control. For both the crops, there were non-significant differences in yield for both
the tested ratios (i.e. 0.50 and 0.25) at all the levels of EC and SAR. Decrease in EC

e
and SAR after wheat

harvest with treatments was in the decreasing order of T6 followed by T5, T4, T3, T2 and T1.
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INTRODUCTION

The Indus valley of Pakistan covers an area of 21 mha
and is famous for its irrigated agriculture (Ghassemi et
aI., 1995). This valley lies in arid and semi-arid region
where formation of salt-affected soils is a natural
consequence. Broadly, the Indus valley is divided into
three crop ecological zones: rice-wheat belt in the
northern part, mixed zone in the central part and
cotton-wheat zone in the southern part. At present
about 6.67 mha soils are salt-affected (Khan, 1998).
The rice-wheat zone covers an area of 2.3 mha
(Aslam, 1998) in which 0.8 mha soils are saline-sadie.
Despite the prime position of rice and wheat in food
security and economy of country, productivity of
system is poor with average rice and wheat yields of
2.0 and 2.25 tons na', respectively although these
problem soils receive all the agricultural inputs without
considerable production of crops (GOP, 1999).
Rice-wheat rotation is considered as the best option for
profitable use of saline-sodic soils. Both the crops have
different mechanisms to cope with salinity/sodicity.
Tolerance to sodicity, as well as high water
requirements, makes rice a viable option for
sustainable use of saline-sodic/sodic soils. High water
requirement crops get the benefit of salt dilution
resulting from excessive irrigations. Wheat being
tolerant to salinity and rice tolerant to sodicity enjoy
facility of their natural and adaptive mechanisms of
resistance when grown in saline-sadie soil (Qadir et aI.,
2001; McNeal et aI., 1966; Chhabra and Abrol, 1977).
Inclusion of rice in rice-wheat rotation makes the

I

conditions conducive for successful growth of the
wheat grown after rice (Ghafoor et aI., 2004).
In the past, work on comparative salt tolerance of
cultivars of various crops remained a bit selective
because of limited resources and less biological
diversity owing to breeding species developed under
and for non-saline conditions with very little, if any, to
endure salt stress. Their relative tolerances to salinity
are often similar and differences are difficult to
measure (Epstein and Rains, 1987). Nevertheless,
significant differences among varieties have been
observed for some species including field crops
(Shannon, 1990; Maas, 1990). Extensive work has
been done by various researchers for screening wheat
varieties against EC only in hydroponics (Akhtar et aI.,
2003; Qureshi et aI., 1990) and field conditions
(Malcolm, 1983). Very few studies addressed the
problem of salinity along with sodicity for screening
purposes which is the ground reality in rice-wheat
cropping zone in the Punjab province where 84 % salt-
affected soils are saline-sadie in nature (Muhammed,
1983). This screening strategy will provide information
regarding tolerance to both salinity and sodicity of the
existing varieties, and will help sustainable use of
saline-sadie soils of Pakistan.
Keeping in view the above mentioned scenario, a pot
experiment was conducted under different
salinity/sodicity levels to compare the growth
performance of some existing salt tolerant cultivars of
rice and wheat with the objective to explore variability
among them to withstand combined stress of salinity
and sodicity.
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MATERIALS AND METHODS

A pot experiment was conducted during 2004-05 in the
Wire house, Institute of Soil and Environmental
Sciences, University of Agriculture, Faisalabad. A
sandy clay loam soil in bulk was collected, air-dried,
ground and passed through a 2 mm sieve and was

Calculated EC : SAR ratios

by US Salinity Lab. Staff (1954). Electrical conductivity
(EC) of saturated soil paste extract was measured.
Sodium ~Na+) was determined flame photometrically
while Ca + and Mgz+ were determined titrimetrically.
Sodium adsorption ratio (SAR) was determined as
described by US Salinity Lab Staff, 1954 as follows:

SAR = Na+/[( Caz++ Mgz+)/2]1/z

Observed EC : SAR ratios

Treatment ECa dS rn' SAR EC:SAR ECa dS m' SAR EC:SAR

To 0.9 1.5 0.9:1.5 0.9 1.5 0.9:1.5

T1 4 8 1:2 3.1 8.6 1:2.8

Tz 4 16 1:4 3.9 14.3 1:3.7

T3 8 16 1:2 6.4 15.4 1:2.4

T4 8 32 1:4 7.6 27.8 1:3.7

T5 12 24 1:2 10.3 25.6 1:2.5

T6 12 48 1:4 11.9 47.4 1:4.0

analyzed for chemical properties (pl-l, 7.54, ECa 0.91
dS m', SAR 1.52). The desired salinity/sodicity levels
were developed by using different salts (NaCI, NaZS04'
CaClz, MgS04) as calculated with the help of quadratic
equation (Ghafoor et aI., 1988).
The pots were filled with soil @ 11 kg potlafter
developing desired EC:SAR levels and was arranged
in completely randomized design. Twenty one days old
rice nursery of seven varieties (SSRI-8, PB-95, SSRI-
13, IRRI-9, IRRI-6, KS-282 and Shaheen Basmati)
were transplanted into pots and two plants were
maintained per hill (5 hills per pot). The pots were
irrigated with canal water. Urea, di-ammonium
phosphate (DAP) and sulfate of potash (SOP) were
used to supply NPK @ 2.27, 0.49, 0.91 g per pot
respectively. Phosphorus and K were applied in full
dose at the time of transplanting while N was applied in
three splits. The crop growth characteristics were
recorded at physiological maturity and statistically
analyzed.
After rice harvest, wheat varieties (MAW-1, Inqlab-91,
Ufaq, Auqab-2000, SR1-27 and SR1-32) were sown in
the same pots. Ten seeds of each cultivar were sown
and 5 plants were maintained per pot. The uprooted
plants were crushed and mixed in to the same pot.
Urea, di-ammonium phosphate (DAP) and sulfate of
potash (SOP) were used to supply the nutrients NPK
@ 2.27, 1.11, 0.60 g per pot respectively. Phosphorus
and K were applied in full dose at the time of sowing
while N was applied in three doses. The crop growth
parameters (No. of tillers, plant height, and grain and
straw yields) were recorded at harvest. After the
harvest of wheat crop, soil was sampled from all pots
and was analyzed following the methods as described

Cell sap from leaves was extracted at booting stage
and was analyzed for Na" and K+ to determine Na+:K+
ratio in samples. The results obtained were subjected
to statistical analysis using Duncan's Multiple Range
test (Steel and Torrie, 1980) for treatment differences.

RESULTS AND DISCUSSION

Rice

The data for paddy yield and yield parameters are
given in Tables 1 to 4. Maximum plant height (93 cm)
was observed for Shaheen Basmati (Table 1) followed
by PB-95 (92 cm), SSRI-13 (85 cm), SSRI-8 (77 cm),
KS-282 (74 cm), IRRI-6 (64 cm) and IRRI-9 (60 cm).
The interactive effect of the variety and EC:SAR
levels was statistically significant. Maximum plant
height was recorded for PB-95 with treatment To while
it was minimum with treatment T5 for IRRI-9 variety.
Maximum productive tillers were produced by SSRI-8
(62) followed by SSRI-13 (49), PB-95 (37), IRRI-6 (35),
IRRI-9 (34) KS-282 (33) and Shaheen Basmati (32)
(Table 2). There was statistically significant interaction
was present for plant height between the varieties and
EC:SAR levels. Maximum productive tillers were
produced by SSRI-8 with T6, while Shaheen Basmati
produced minimum number of productive tillers (26)
with T6. There was statistically significant interaction
was present for plant height between the varieties and
EC:SAR levels. Maximum straw yield (77 g/pot) was
obtained for IRRI-9 (Table 3) followed by KS-282 (74
g/pot), IRRI-6 (71 g/pot), SSRI-8 (61 g/pot), PB-95 (60
g/pot), SSRI-13 (59 g/pot) and Shaheen Basmati (56
g/pot). Maximum straw yield was recorded for KS-282
with To, while was minimum (40.3 g/pot) for Shaheen
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Basmati with T3. Maximum paddy yield (49 g/pot) was
obtained for SSRI-8 (Table 4) followed by SSRI-13 (44
g/pot), KS-282 (42 g/pot), PB-95 (42 g/pot), Shaheen
Basmati (37 g/pot), IRRI-6 (21 g/pot) and IRRI-9 (18
g/pot). The IRRI-varieties (coarse grain) gave
comparatively better vegetative growth than Shaheen
Basmati but less paddy yield which indicates their low
tolerance to combined stress of EC:SAR ratios at both
the EC levels. Interaction between the two factors
statistically affected the paddy yield. Maximum paddy
yield was recorded for SSRI-8 with To (Table 4). On the
other hand, IRRI-9 produced minimum paddy at T5. In
general, reduction in paddy yield was observed as the
salinity to sodicity ratio increased at both the EC levels.
The one season data on rice growth indicated varietal
differences in straw and paddy yields at designed
EC:SAR ratios. In general, soil ECa (up to 8 dS rn')
tended to mitigate the adverse effects of SAR on crop
growth.

Wheat

The data for wheat yield and yield parameters are
given in Tables 5 to 8. Maximum plant height (72 ern)
was observed with SR!-32 (Table 5) followed by
Auqab-2000 (71 cm), Inqlab-91 (69 cm), MAW-1 (64
cm), Ufaq (61 cm) and SR!-27 (61 cm). The interaction
effect of the two factors remained significant. Maximum
plant height was recorded for SR1-32 with To, while
was minimum with T5. With increasing salinity and/or
sodicity, plant height decreased that could be attributed
to low availability of water at high levels of salts, which
resulted in decreased cell elongation and division,
physiological drought along with specific toxicity of Na+
ions. Maximum number of productive tillers per pot (28)
were gained by SR1S-32 (Table 6) followed by Inqlab-
91 (21), Auqab-2000 (21), MAW-1 (19), SR1-27 (17)
and Ufaq (15). Interaction between the two factors for
productive tillers was found significant. Maximum No.
of productive tillers per pot were found for SR 1-32 with
To, while Ufaq produced minimum No. of productive
tillers per pot (9) with T6. Maximum straw yield (49
g/pot) was obtained for Auqab-2000 (Table 7) which
was at par with SR1-32 (49 g/pot) followed by MAW-1
(47 g/pot), Inqlab-91 (44 g/pot), Ufaq (39 g/pot), and
SR1-27 (37 g/pot). Interaction effects of the two factors
for straw yield were significant. Maximum straw yield
was recorded for Auqab-2000 at T1. Maximum grain
yield (14.88 g/pot) was recorded for SR1-32 (Table 8)
whereas minimum grain yield (10.79 g/pot) was
obtained for MAW-1. The interaction between the two
factors was significant, maximum grain yield was
produced by Inqlab-91 with To. On the other hand SR1-
27 produced minimum grain yield with EC:SAR ::
12:48. In general, reduction in grain yield was

I

observed as the salinity to sodicity ratio increased at all
the EC or SAR levels. However, the varietal
differences, in general, were conspicuous for different
EC:SAR ratios. Various researchers (Ehsan and
Wright, 1998; Bernstein, 1975) have already reported
varietal differences for EC or SAR tolerance but such
differences to EC:SAR ratios have not been available
in literature.

K:Na Ratio in Plants

The K:Na ratio is considered a good indicator for salt
tolerance of a crop (Pritchard et aI., 2002; Palta and
Fillery, 1995). Plant uptake of elements from soil
depends mainly upon their concentration in soil
solution, i.e. increased concentration in soil solution of
an element will tend to enhance its uptake by plants, in
general. Salinity and/or sodicity increased the uptake
of Na+ by crops while higher Na+ in soil solution
antagonized the uptake of K+ (Bernstein, 1975;
Gorham et aI., 1985; Qadir and Shams, 1997).
However, there was non-significant differences among
wheat varieties regarding K:Na ratio in plants (Table 9).
Regarding interaction between two factors, it was
significant, K:Na ratio, being maximum for Inqlab-91
with T1 and minimum for SR1-27 with T6.

Soil Properties

Soil salinity (ECe): In general, there was a decrease
in ECa (13-32 % over the initial values) after the
harvest of wheat with treatments. However, after the
decrease in ECa, the EC:SAR ratios were quite similar
to those achieved at the start of studies, because there
was also a decrease in the SAR values. The Maximum
ECe (8.40 dS rn') was observed with T6 followed by T5,

T4, T3, r, and T1 (Table 10). The effect of varieties on
ECa after crop harvest was non-significant. The
interaction of the two factors was significant. Maximum
ECe was observed for Auqab-2000 and MAW-1 with
T6, while it was minimum with Inqlab-91 with To.

Soil sodicity (SAR): Maximum SAR (19.36) was
observed with T6 followed by T5, T4, T3, Tz and T1
(Table 11). The interaction of the two factors remained
significant. Maximum soil SAR was recorded for SR1-
32 with T6, while was minimum (1.73) for Inqlab-91
with To.
Irrespective of the varieties tested, the highest levels of
EC and SAR (T5 and T6) caused significant reduction in
paddy yield while at the lowest levels of EC and SAR
(T1 and Tz) paddy yields were not affected significantly
when compared with control. But in case of wheat
crop, all the levels, i.e. lowest (T1 and Tz), medium (T3
and T4) and highest (T5 and T6)] of EC and SAR tested,
affected wheat yield adversely with significant
differences among EC:SAR ratios compared to the
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control. For both the crops, there were non-significant
differences in yield for both the tested ratios (i.e. 0.50
and 0.25) at all the levels of EC and SAR.

productive tillers, straw and grain yields among the test
wheat varieties at different EC:SAR ratios.
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Among tested rice varieties, SSRI-8 produced
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Table 1. Response of plant height (cm) of rice varieties at different EC:SAR ratios

EC:SAR ratio
Variety

SSRI-8 PB-95 SSRI-13 IRRI-9 IRRI-6 KS-282 Shaheen Basmati Mean

To (0.91:1.52) 85.8c-e 102.2a 93.5a-c 62.3m-p 69.9g-m 77.6e-k 98.9ab 84.3A

T1 (4: 8) 79.ge-h 98.08ab 92.3a-d 69.7g-m 71.1g-m 79.5e-h 97.1ab 83.9A

T2 (4: 16) 78.ge-j 91.87a-d 90.7b-d 66.01-p 69.2h-n 77.7e-k 98.5ab 81.8AB

T3 (8: 16) 78.7e-k 98.73ab 84.1 c-f 61.8m-p 61.7m-p 71.0g-m 96.8ab 78.9BC

T4 (8: 32) 77.ge-k 93.13a-c 74.1f-1 57.5 pq 58.2o-q 74.3f-1 101.5a 76.6C

T5(12: 24) 68.3j-o 79.26e-i 82.2d-f 49.7q 59.1 n-q 70.2g-m 83.9c-f 70AO

T6 (12: 48) 68.8i-n 83.26c-f 78.1 e-k 50.9q 57.1pq 68.1k-o 80.1e-g 69.50

Mean 76.97C 92.37A 84.98B 59.7E 63.760 74.06C 93.83A

Means followed by similar letter(s) in a row or column are statistically non-significant (p2iJ.05). Capitalletter(s) are
used for comparison among overall columns or rows means and small letter(s) represent differences among
interaction means. First and last letters have been used where more than two letters are required, e.g. f-k means

fghijk.
Table 2. Response of productive tiller/pot of rice varieties to EC:SAR ratios

EC:SAR
Variety

ratio SSRI-8 PB-95 SSRI-13 IRRI-9 IRRI·6 KS·282 Shaheen Basmati Mean

To (0.91:1.52) 67ab 40f-k 56b-d 39f-k 35jk 35g-k 39f-k 44.1A

T1 (4: 8) 58a-d 39f-k 48d-g 32h-k 29g-k 31 i-k 33h-k 38.5B

T2 (4: 16) 59a-d 37f-k 46d-h 34g-k 36g-k 33g-k 34g-k 40.1AB

T3(8: 16) 59a-d 33h-k 42e-j 36g-k 34g-k 28jk 27jk 36.9B

T4 (8: 32) 55b-e 39f-k 45d-i 38f-k 38f-k 30jk 30jk 39AAB

T5(12: 24) 62a-c 30jk 55b-d 33h-k 37f-k 30jk 29jk 39.3AB

T6 (12: 48) 71a 40f-k 51c-f 30jk 33h-k 41f-k 26k 41.6AB

Mean 61.7A 36.8C 49.1B 34.3CO 34ACO 32.5CO 31.20

Means followed by similar letter(s) in a row or column are statistically non-significant (p 2iJ.05). Capitalletter(s) are
used for comparison among overall columns or rows means and small letter(s) represent differences among
interaction means. First and last letters have been used where more than two letters are required, e.g. f-k means

fghijk.
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Table 3. Response of straw yield (g/pot) of rice varieties to EC:SAR ratios~~ --- ~
EC: SAR ratio Variety

~SRlil __~B.95 SSRI-13 IRRI-9 ' IRRI-6 KS-282 Shaheen Basmati Mean
--_. ~-

To(0.91 :1.522 81.2a-e 80.3a-f 74.6a-h 86Aab 83.8a-c ~~ 68.6a-k 80A5A- ------- .~_.-

T1 (4: 8) J4.5g=t:J:l_ 599c-m 51.6h-m 66.7a-k 66.3a-k 73Aa-i 64.8a-1 62A7~~-~ ---- ----~-- --~--- t---~-- ~-
T2 (4: 16) 67.7a-k 64.2a-1 64Aa-1 80.9a-e 73.1 a-i 78.2a-q 63.1 b-m 70.23B
T3 (8: 16) 56.7f-m 60.5c-m 49.9i-m 82.3a-d 63.1 b-m 64.1 b-I 40.3m 59.58C
T4 (8: 32) 54.1q-m 57.7e-m 58~8d-m 730a-e 71.3a-i 69.7a-i 540q-m I 62.68BC
T5 (12: 24) 48.3i-m 41.81m 57Ae-m 76.0a-q 71.5a-j 67.7a-r 45Ak-m 58.29C
T6 (12: 48) 63~9b-m 59.6d-m 56.3f-m 78.2a-q 65.2a-1 79Aa-f 56.5f-m 65.61 BC~--
Mean 60.95B 6057B 5900B 77.66A 70.62A 74.38A 5613B

Means followed by similar letter(s} in a row or column are statistically non-significant (p ?1J.05).Capitalletter(s} are
used for comparison among overall columns or rows means and small letter(s} represent differences among
interaction means. First and last letters have been used where more than two letters are required. e.g. f-k means
fghijk.

Table 4. Response of paddy yield (g/pot) of rice varieties to EC:SAR ratios
- - -- -- ._-

EC: SAR ratio Variety
SSRI-8 PB-95 SSRI-13 IRRI-9 IRRI-6 KS-282 Shaheen Ba

To(0.91: 1.52) 65.9a 50.9a-e 62.0ab 22.9k-s 27.9h-r 55Aa-c 36.6c-p
T1 (4: 8) 509a-e 47.7a-h 45.2b-i 24.9j-s 280h-r 50.1 a-8 37.1 Cop
T2 (4: 16) 54.6a-d 47.9a-h 40Ac-n 2161-s 29.3f-r 518a-e 438b-j
T3 (8: 16) 47.3a-h 41Ac-m 37.2 cop 14.7q-s 15.3q-s 38.7c-d 36.5c-p
T4(832) 49.0a-q 49.7a-f 32.1 e-r 13.6rs 19.50-s 46.1 a-e 34.7d-q
T5 (12: 24) 34.0d-q 25.9i-s 52.6 a-e 6.2s 17.9p-s 37.3c-p 26.7e-r
T6 (12: 48) 44.8b-j 285q-r 41.6 c-I 20.7n-s 17.5p-s 20.9m-s 43.3b-r
Mean 4950A 41.73BC 44.30AB 17.810 21.200 42.90BC 36.90C ..

smati Mean
45.90A
40A2AB
41.35AB
3302C
34.97BC
28.66C
31.05C

Means followed by similar letter( s} in a row or column are statistically non-significant (p?1J.05). Capitalletter( s} are
used for comparison among overall columns or rows means and small letter(s} represent differences among
interaction means. First and last letters have been used where more than two letters are required. e.g. f-k means
fghijk.

Table 5. Response of plant height (cm) of wheat varieties to EC:SAR ratios

EC:SAR ratio -- Variet}
MAW-1 Inailab-91 Ufaq Auqab-2000 SR1-27 SR1-32 Mean

To(0.91:~_ 68.6 f 75.2 a-c ..i>~-"~g-i 75.3ab ?~~ 76.9a 71.0A---- ----_. ------T1 (4: 8) 65.6 o-i 73.3b-e 63.5h-k 73.5b-e 62.6j-1 75.0a-d 68.98
~_i4:J§L 64.7 Q-j 73.4b-e 62.4E _____73.4b-e I 61.7k-m 73.0b-e ~1E3 _____-- --._------_. ------- ~----

T3 (8: 16) 63.2i-1 68.7f 61.8k-m 73.0b-e 60.61-m 72.3d-e 66.6C
_T4 (8: 321 61.3k-m 65.5Q-i 59.5mn 71.1e 59.4mn 72.6c-e 64.90
T5(12: 24) 61.7k-m 62.5i-1 56.40 63.5h-k 57.4no 66.2f-h 61.3E
T6 (12_~48)

---"-65.4g-i 67.2fg 62.41-1 66.8!.9.__ i---61.8k-m 68.2f 65.30
-- ---

Mean 64.370 69.40C 61.52E 70.948 61.27E 72.03A
Means followed by similar letter(s} in a row or column are statistically non-significant (p ?1J.05).Capitalletter(s} are
used for comparison among overall columns or rows means and small letter(s} represent differences among
interaction means. First and last letters have been used where more than two letters are required, e.g. f-k means
fghijk
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Table 6. Response of productive tillers/pot of wheat varieties to EC:SAR ratios

EC:SAR ratio Mean
25A
23B-------
21C
190
18E
15F
13G

Irt '~b-91 SR1-27 SR1-32
28a 22d~ 28a
26ab 20f-h 27a
24b-d" 18h- 25bc
20f-h 16'-1 23c-e
20f-h 15k-m 22d-f
17i-k 19 -i 17i-k
15k-m 12no _J§-I
21B 170 23A

Means followed by similar letter(s) in a row or column are statistically non-significant (p ;£1.05). Capitalletter(s) are
used for comparison among overall columns or rows means and small letter(s) represent differences among
interaction means. First and last letters have been used where more than two letters are required, e.g. f-k means
fghijk.

Table 7. Response of straw yield (g/pot) of wheat varieties to EC:SAR ratios
- -

EC: SAR ratio
Variety

MAW-1 Inqilab-91 Ufaq Auqab-2000 SR1-27 SR1-32 Mean
-- -- --~---- -----

To(O.91:1.52) 52.1ab 46.9f-i 46.6f-i 50.8a-c 46.0g-j 52.0ab 49.50A

T1 (4: 8) 52.3ab 47.1e-h 44.1j-m 50.9a-c 43.8j-m 53.0a 48.54A

T2 (4: 16) 50.9a-c 47.4e-g 41.8mn 47.9d-g 39.40 50.2b-d 46.24B

T3 (8: 16) 48.7c-f 44.1j-m 40.0no 53.0a 37.0p 50.0b-d 45.27B

T4 (8: 32) 44.8h-k 42.21-n 35.1 pq 50.8a-c 32.9qr 48.9c-f 42.45C
-~---- --

r, (12: 24) 43.2k-m 42.11-n 34.7pq 49.3c-e 32.1 r 48.6c-f 41.68C
---

T6(12:48) 39.9no 36.9p 31.0r 44.5i-1 28.1s 43.6j-m 37.350----=---~
Mean 47.42B 43.82C 39.030 49.61A 37.03E 49.48A

Means followed by similar letter(s) in a row or column are statistically non-significant (p;£1.05). Capitalletter(s) are
used for comparison among overall columns or rows means and small letter(s) represent differences among
interaction means. First and last letters have been used where more than two letters are required, e.g. f-k means
fghijk.

Table 8. Response of grain yield (g/pot) of wheat varieties to EC:SAR ratios

EC: SAR ratio
Variety

MAW-1 Inqilab-91 Ufaq Auqab-2000 SR1-27 SR1-32 Mean
-- t---- -- _._----- f------- --- --

T0(0.91:1.52) 19.4ab 20.3a 17.6a-c 19.6ab 17.2a-e 20.1a 19.03A
-

T1 (4: 8) 14.2c-j 17.3a-d 15.0c-h 16.2b-g 14.3c-j 17.0a-f 15.69B
------ ..- -----~ .-------_ •..._-----_ ..- ----_ ..- _._-- --------

T2 (4: 16) 12.5g-1 16.7a-f 13.4e-k 16.6a-f 13.2f-1 17.2a-e 1493B

T3 (8: 16) 9.6k-m 14.5c-i 10.2kl 13.5d-k 10.1kl 14.6c-h 12.10C

T4 (8: 32) 9.4lm 13.3f-1 10.3kl 12.5g-1 10.2kl 13.4e-k 11.50C

r. (12: 24) 6.2mn 10.5j-1 6.4mn 10.2kl 6.2mn 10.5j-1 8.3270

T6(12:48) 4.2n 11.3h-1 4.5n 10.7i-1 4.4n 11.3h-1 7.7400
>--_. -- ----------~ .._._--- ---

Mean 10.79B 14.83A 11.07B 14.19A 10.80B 14.88A

Means followed by similar letter(s) in a row or column are statistically non-significant (p ;£1.05). Capitalletter(s) are
used for comparison among overall columns or rows means and small letter(s) represent differences among
interaction means. First and last letters have been used where more than two letters are required, e.g. f-k means
fghijk.

104

I



Comparative growth performance of rice and wheat varieties at different EC and SAR ratios in soil

Table 9. Response of K+:Na+ in shoot of wheat varieties to EC:SAR ratios

EC: SAR ratio
Variety

MAW-1 Inqilab-91 Ufaq Auqab-2000 SR1-27 SR1-32 Mean

To(0.91:1.52) 2.37b 1.80b 1.90b 1.93b 2.07b 1.74b 1.97AB
-~-- ~-_._---_. --- --

T, (4: 8) 1.82b 3.62a 2.08b 1.91b 2.05b 1.56b 2.17A

T2 (4: 16) . 1.55b 1.55b 1.68b 2.20b 2.04b 1.74b 1.79A-C
--

T3 (8: 16) 1.87b 1.46b 1.75b 1.67b 1.91b 1.61b 1.71A-C

T4(8: 32) 1.60b 1.15b 1.80b 1.34b 1.79b 1.11b 1.47B-0

T5 (12: 24) 1.73b 1.17b 1.52b 1.28b 1.20b 1.15b 1.34CO
-~-_. __ .._---_.- --- I-- ---

T6(12:48) 1.41b 1.12b 1.09b 1.13b 1.00b 1.32b 1.180

Mean 1.77A 1.69A 1.69A 1.64A 1.72A 1.46A
-- --

Means followed by similar letter(s) in a row or column are statistically non-significant (p ;:D.05). Capitalletter(s) are
used for comparison among overall columns or rows means and small letter(s) represent differences among
interaction means. First and last letters have been used where more than two letters are required, e.g. t-k means
fghijk.

Table 10. Post harvest ECe at different EC:SAR ratios
-

EC:SAR ratio
Variety

MAW-1 Inqilab-91 Ufaq Auqab-2000 SR1-27 SR1-32 Mean

f-""G(Q.91:1.52) -~ 2.00qr 1.8~~__ ~_c37o-r 2.07p-r 2.10p-r 2.10p-r 2.08E --

T1 4: 8) 3.10m-r 3.10m-r 2.90n-r 3.87j-o 2.83n-r 3.57k-q 3.230
T2 4: 16 4.100i-n 3.401-r 2.90n-r 3.20m-r 3.70k-o 2.87n-r 3.3601----

T3 8: 16 3.63k-p 4.60h-m 5.10q-k 5.73e-h 4.73h-1 ~-k 4.82C
T4 8: 32 5.60f-i 4.83h-1 5.30f-i 5.03g-k 5.00h-k 5.07g-k 5.14C
T5 12: 24) 6.53d-g 6.63c-f 7.07b-e 7.20a-d 7.47a-d 8.00a-c 7.16B
T6 12: 48) 8.60a 8.50ab 8.30ab 8.63a 8.42ab 8.00a-d 8.41A

--.--

Mean 4.79A 4.70A 4.85A 5.11A 4.89A 4.97A

Means followed by similar letter(s) in a row or column are statistically non-significant (p ;:D.05). Capitalletter(s) are
used for comparison among overall columns or rows means and small letter(s) represent differences among
interaction means. First and last letters have been used where more than two letters are required, e.g. f-k means
fghijk.

Table 11. Post harvest SAR at different EC:SAR ratios

EC:SAR ratio
Variety

MAW-1 Inqilab-91 Ufaq Auqab-2000 SR1-27 SR1-32 Mean

To(0.91 :1.52) 2.27k 1.73k 2.10k 2.09k 2.20k 2.24k 2.02G

T1 (4: 8) 5.92g-j 4.15i-k 3.88jk 6.24g-j 4.57h-k 5.65g-j 5.07F

T2 (4: 16) 8.16d-g 6.02g-j 6.40g-j 7.70e-h 8.17d-g 5.43g-j 6.98E

T3 (8: 16) 7.30f-i 8.40d-g 6.04g-j 8.55d-g 8.19d-g 10.73b-e 8.200

T4 (8: 32) 11.90bc 12.00bc 11.64bc 12.08bc 11.30b-d 10.39c-f 11.55C
--

T5 (12: 24) 12.51bc 13.52bc 13.12bc 13.45bc 14.02b 13.81b 13.40B

T6(12:48) 19.60a 20.11 a 18.74a 18.19a 19.60a 19.93a 19.36A
- ---

Mean 9.66A 9.42A 8.85A 9.76A 9.72A 9.74A

Means followed by similar letter(s) in a row or column are statistically non-significant (p ;:D.05). Capital Ietter(s) are
used for comparison among overall columns or rows means and small letter(s) represent differences among
interaction means. First and last letters have been used where more than two letters are required, e.g. f-k means
fghijk.

105

I



Murtaza, Ghafoor, Kahloon, Bilal and Manzoor

REFERENCES
Ahmad, N. 1993. Water resources of Pakistan and

their utilization. 61-B/2 Gulberg III, Lahore.
Akhter. J., T. Haq, A. Shahzad, M. A. Haq, M. Ibrahim

and N. Ashraf. 2003. Classification of different
wheat genotypes in salt tolerance categories on
the basis of biomass production. Int. J. Agri. BioI.
5: 322-325.

Aslam, M. 1998. Waterlogging and salinity
management in the Sindh Province, Pakistan.
Supplement I-A. Improved water management
practices for the rice-wheat cropping systems in
Sindh Province, Pakistan. Lahore, Pakistan: IIMI.
Pakistan National Program. ix, 96p. (IIMI-Pakistan
research report no.R-70.1 a).

Bernstein, L. 1975. Effect of salinity and sodicity on
plant growth. Ann. Rev. Phvtopathol. 13: 295-312.

Chhabra, R. and I.P. Abrol. 1977. Reclaiming effect of
rice grown in sodic soils. Soil Sci. 124: 49-55.

Ehsan, M. and D. Wright. 1998. Inter and intra varietal
variations in wheat (Triticum aestivum L.) under
saline conditions. Pak. J. BioI. Sci.1: 339-341.

Epstein, E. and D.W. Rains. 1987. Advances in salt
tolerance. Plant Soil. 99: 17-29.

Ghafoor, A. T. Aziz and M. Abdullah. 1988. Dissolution
of gypsum size grades in synthetic saline solutions.
J. Agri. Res. 26: 289-294.

Ghafoor, A., B. Ahmad, A.A. Maan and G. Murtaza.
2004. Farmer Participation in Technology
Development and Transfer for Using Agricultural
Drain Water for Growing Grain Crops During
Reclamation of Saline-Sodic Soils. Draft Technical
Final Report (June 2001 - February 2004). Inst.
Soil & Environ. Sci., Univ. Agri., Faisalabad,
Pakistan.

Ghassemi, F., A.J. Jakeman and H.A. Nix. 1995.
Pakistan. In: Salinisation of land and water
resources: human causes, extent, management
and case studies. University of New South Wales
Press Ltd, Sydney, 369-395.

GOP. 1999. Agricultural Statistics of Pakistan. Ministry
of Food, Agriculture and Livestock, Govt. of
Pakistan.

Gorham, J., RG. Wyn Jones and E. McDonnell. 1985.
Some mechanisms of salt tolerance in crop plants.

.Plant Soil. 89: 15-40.
Khan, G.S. 1998. Soil salinitylsodicity status in

Pakistan. Soil Survey of Pakistan, Lahore, 39p.

Maas, E.V. 1990. Crop salt tolerance. In: K.K. Tanji
(ed.), Agricultural Salinity Assessment and
Management. ASCE Manual no. 71, pp. 262-304.
Am. Soc. Civil Eng., New York, USA.

Malcolm, C.v. 1983. Wheatbelt salinity. Western
Australian Department of Agriculture. Technical
Bulletin No. 52.

McNeal, B.L., G.A. Pearson, J.T. Hatcher, C.A. Bower.
1966. Effect of rice culture on the reclamation of
sodic soils. Agron. J. 58: 238-240.

Muhammed, S. 1983. Salt-affected soils and their
reclamation. P. 1-15. Presidential address, Section
of Agri. and Forestry. zs" Pakistan Sci. Conf., 26-
30 Dec. 1983. Univ. Karachi, Karachi, Pakiatan.

Palta J.A. and I.R.P. Fillery. 1995. N application
enhances remobilization and reduces losses of
pre- anthesis N in wheat grown on a duplex soil.
Aust. J. Agri. Res. 46: 519-531.

Pritchard, D.A., P.A. Hollington, P. Davies, A.M. Kazi,
and J. Gorham. 2002. K+/Na+ discrimination in
synthetic hexaploid wheat lines: Transfer of the
trait for K+INa+ discrimination from Aegilops
tauschii to Triticum durum Cereal. Res. Commun.
30: 261-267.

Qadir, M. and M. Shams. 1997. Some agronomic and
Physiological aspects in salt tolerance in cotton
(Gossypium hirsutum L.). J. Agron. Crop Sci.
179:101-106.

Qadir, M., S. Schubert, A. Ghafoor and G. Murtaza.
2001. Amelioration strategies for sodic soils: A
review. Land Degrad. Develop. 12: 357-386.

Qureshi, RH., A. Rashid and N. Ahmad 1990. A
procedure for quick screening of wheat cultivars for
salt tolerance. In: Elbasam, N., M. Damborth and
B.C. Laughman (eds.). Genetic Aspect of Plant
Mineral Nutrition, pp. 315-324. Kluwer Acad. Pub.,
Dordecht, The Netherlands

Shannon, M.C. 1990. Genetic approaches for
developing economic salt tolerant crops. In: K.K.
Tanji (ed.), Agricultural Salinity Assessment and
Management. ASCE Manual No. 71, pp. 161-185
Am. Soc. Civil Eng., New York, USA.

Steel, RGD. and J.H. Torrie. 1980. Principles and
procedures of statistics. McGraw Hill Book Co
Inc., NY, USA.

U.S. Salinity Lab. Staff. 1954. Diagnosis and
improvement of saline and alkali soils. USDA
Handb.60, Washington, D.C., USA.

106


	Page 1
	Titles
	COMPARATIVE GROWTH PERFORMANCE OF RICE AND WHEAT 
	I 

	Images
	Image 1


	Page 2
	Tables
	Table 1


	Page 3
	Titles
	I 
	101 


	Page 4
	Titles
	102 

	Tables
	Table 1
	Table 2


	Page 5
	Titles
	I 

	Tables
	Table 1
	Table 2
	Table 3


	Page 6
	Titles
	I 

	Images
	Image 1
	Image 2

	Tables
	Table 1
	Table 2


	Page 7
	Titles
	I 

	Tables
	Table 1
	Table 2
	Table 3


	Page 8

