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ABSTRACT

Response of potato (Solanum tuberosum L.)-sunflower (Helianthus annuus L.)-sesbania [Sesbania sesban
(L.) Merr.] cropping sequence to conjunctive use of good quality canal water [EC_,, 1.1 dS/m, residual sodium car-
bonate (RSC) nil, sodium adsorption ratio (SAR) 1.7] and alkali water (EC,, 3.8 dS/m, RSC 15.5 me/L, SAR 11.8)
was evaluated for 6 years (2007—2008 to 2012-2013) on a well-drained sandy-loam soil [ECe 2.3 dS/m, pH 8.1,
exchangeable sodium percentage (ESP) 5.5]. Increase in soil pH (8.9-9.1), salinity (3.4—4.7 dS/m) and sodicity
(ESP 24.1-39.5) as a consequence of irrigation with alkali water affected the growth and yields of all the crops.
When averaged for 6 years, the relative yields ranged between 48 and 78% for potato and 55 and 73% for sun-
flower in case of cyclic use of alkali water compared to canal water. However, the relative yields ranged 58 to 83%
for potato and from 52 to 78% for sunflower when alkali water was used in blended mode. Considerable deteriora-
tion in the quality of potato in terms of grade, size and keeping quality, and reduction in oil content of sunflower
was observed. The change in soil properties in different modes of water application was in accordance with the
proportions of alkali water applied. The analysis on use of canal and alkali waters in similar proportion further indi-
cated that cyclic application of canal water during the initial stages would minimize the adverse effects of alkali

water.

Key words : Alkali water, Canal water, Conjunctive use, Cyclic and blending mode, Potato—sunflower—

sesbania crop sequence

Degradation of soil with the use of alkali groundwaters
congtitutes a major threat to irrigated agriculture in semi-
arid regions, particularly in South Asia (Qadir and Oster,
2004). In Indo-Gangetic plains, which is the most inten-
sively cultivated area, high incidence of akali groundwa
ter (30-50%) is found where annual rainfall is between
500 and 700 mm.

Use of alkali water for irrigation to crops leads to in-
crease in soil Sodicity, thus adversely affects physical
behaviour of soil interms of crusting, hard-setting and low
infiltration rates. It not only deteriorates the soil quality,
but also affects the crop yields and limits the choice of
crops that can be grown on such soils. Appropriate selec-
tion of crops, improved water-management practices and
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application of amendment are important in maintaining
soil structure/ permeability. Therefore, specialized soil-
crop-irrigation management practices, which helps to
maintain sodicity levels within permissible limit in crop
root zone depth are needed for irrigation with alkali
groundwaters for sustainable yield.

Under certain situations, where limited quantity of
good quality canal water is available, it should be applied
efficiently either in cyclic or blended mode to obtain ac-
ceptable crop yield. In case of saline water, germination
and seedling establishment stages have been identified as
most sensitive for most of the crops. Thus use of good
quality water is advocated for pre-sowing and early
growth stages before switching to saline water when crops
attain higher tolerance. However, with use of akali waters,
where sodication occurs with depletion of C&?* dueto its
precipitation as calcite (CaCO,), strategies that would ei-
ther minimize cal cite precipitation or maximize the disso-
lution of precipitated calcite would be expected to perform
better. Usually groundwater aquifers are in equilibrium
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with inherent calcite, thus it seems that blending of
groundwaters of higher alkalinity and low calcium with
canal waters would result in their under-saturation with
respect to calcite. Consequently, in addition to dilution of
soil solutions, irrigation with blended water/ better quality
canal waters should have a tendency to pick up calcium
through dissolution of native calcite. Earlier reports
(Minhas et al., 2007) indicated that cyclic use of akali and
canal waters decreased sodication of soilsand thus helped
in sustaining paddy—wheat yields. However, resultant ben-
efitsin terms of a decrease in calcite precipitation or its
increased dissolution yet to be quantified, where better
quality canal and alkali waters are combined for irrigating
moderately sensitive crops like potato and sunflower.
Therefore, the aim of the study was to evaluate the impact
of use of cyclic (annual/crop) and blended mode of akali
water with canal water in potato—sunflower—sesbania
cropping sequence on yield, quality and soil health.

MATERIALS AND METHODS

The experiment was conducted at the Research Farm of
Raja Balwant Singh College of Agriculture, Bichpuri,
Agra, Uttar Pradesh (27°2' N and 77°9' E). The climatein
the region is semi-arid which receives an average annual
rainfall of 650 mm, of that about 80% is received during
July—September. The soilsin the region are generally well-
drained (water table 10-12 m below ground level) sandy
loam with an electrical conductivity of the saturated paste
extract (ECe) of 2.7 dS/m, pH of the saturated paste (pHs)
of 7.9, exchangeable sodium percentage (ESP) of 5.3, or-
ganic matter content of 2.9 g/kg soil and clay content of
14%. The groundwater quality in the region varies, with
EC 2—4 dS/m, residual sodium carbonate (RSC) 14-18
me/L and sodium adsorption ratio (SAR) 10-14. The ex-
periment was initiated in 2007 for potato-sunflower-
sesbania cropping sequence with potato as the first crop
and continued for 6 years (2007-08 to 2012—13). Treat-
ments comprised combinations of irrigation with good
quality canal water and alkali water applied alone, in cy-
clic (annual/ crop-wise) or in blended mode. Nine treat-
ments combinations, comprising (i) al irrigation with ca-
nal water (CW), (if) al irrigation with alkali water (AW),
(iii) 1-year canal water (CW) : 2 year akali water (AW),
(iv) 2-year dkali water (AW): 1 year canal water (CW), (v)
2-year canal water (CW): 1-year dkali water (AW), (vi) 1-
year alkali water (AW): 2-year canal water (CW) (vii) a-
kali water in potato (AWp) and canal water in sunflower
(CWs), (viii) mixing 2 parts canal water + 1 part of alkali
water (2 CW + 1 AW) (ix) mixing 1 part canal water + 2
parts of alkali water (2 AW + 1 CW). One cycle of potato—
sunflower—sesbania (GM) crop rotation was 3 years than
further cycle of this rotation was next 3 years. The treat-
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ments were imposed in arandomized block design with 4
replications. The plot size was 20 m? (5 m x 4 m) and to
control lateral fluxes of salt and water, each plot was lined
with polyethylene sheet down to a depth of 90 cm. Alkali
water was synthesized by dissolving the required quanti-
ties of sodium bicarbonate in canal water. The equivalent
weight of NaHC, isdissolved in 1L of canal water for our
RSC purpose. The analysis of the cana water indicated its
quality as 1.1 dS/m, RSC nil and SAR 1.8 whereas the
average quality of the synthesized alkali water was EC,,
3.6 dSY/m, RSC 15.8 me/L, and SAR 12.4. Potato seed (cv.
‘Kufri Bahar") was planted in the last week of October and
harvested during the last week of February or first week of
March. The recommended dose of fertilizer (N PK 100 21
35 kg/ha) was applied to potato crop. After potato, sun-
flower (‘MSFH 17’) crop was sown in the middle of
March and harvested in middle of June. It was fertilized
withN: P: K 80: 16: 18 kg/ha. Seshania crop was raised
during July—August in the rainy season but no fertilizers or
irrigation water was applied. The biomass of the 55 days
old seshania crop was incorporated into the soil. The po-
tato crop sown on beds and the irrigation depth was kept
5 cm; however, sunflower crop was sown in flat field. The
irrigation depth was 7 cm but sesbania crop was growing
without irrigation in all 6 years experimentation (Table 1).
The rainfall received during the potato, sunflower and
sesbania seasons averaged 31.1, 39.6 and 362.0 mm re-
spectively (Table 1). The tuber yield was recorded grade-
wise, i.e. A grade (> 60 g), B grade (40-60 g) and C grade
(<40 g) in dl the treatments. The keeping quality of po-
tato tuber in the form of weight loss (%) was recorded in
3 months potato tuber storage at room temperature.
Sustainability indices (sustainable yield index, SYI)
were aso calculated. The quantitative assessment of the
sustainability of agricultural practices was developed by
Singh er al. (1990). The SY| was calculated as follows:

Ym-Sd
Y

max

SYI =

where, Ym isthe mean yield, Sd the standard deviation,
Ym ax isthe maximum yield obtained under a set of man-
agement practices.

Soil samples were collected to a depth of 90 cm at
planting and at harvesting of the crops and soil water stor-
age (SWS) was determined using gravimetric method. The
guantity of water used (WU) was calculated as difference
in soil storage during the season (SWS) plus irrigation
(IW) and rainfal (R). The water-use efficiency (WUE, kg/
ha-cm) was calculated as the ratio of yield (kg/ha) to WU
(cm).
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RESULTS AND DISCUSSION

Soil properties

The salt build up in the surface soil layer (0-30 cm),
where most of the dense crop roots are confined and has
high potential for clay dispersion, surface crusting thus
low infiltration rate, was most influenced by the quality of
irrigation water. The effect of various modes of irrigation
on soil properties, though monitored up to 90 cm in the
effective root zone depth, is presented limited to agricul-
turally important surface soil layer (Fig.1). Continuous ir-
rigation with alkali water (AW) significantly increased the
salt built up in soil profile as compared to continuous use
of canal water (CW). The average values of pH, ECe,
SARe and ESP at the harvesting of different crops or sow-
ing of next crops during the sixth year ranged from 7.6 to
9.1, 2.6 t0 4.7 dS/m, 3.3 t0 21.2 and 9.1 to 39.5, respec-
tively, with higher values being observed at the harvest of
sunflower crop.

Soil sodication due to irrigation with alkali waters has
been reported in the north-west parts of India (Minhas et
al., 2007; Chauhan et al. 2007). The sodicity build up in
soilsirrigated with alkali waters in the north-west region
has been observed to be the outcome of equilibrium be-
tween the processes of precipitation and dissolution of
calcite. Precipitation occurs mainly due to concentration
of the soil solution due to water uptake during the crop-
ping season, while the monsoon rains induce the rel ease of
divalent cations both from exchange sites and dissolution
of cacite and other minerals. In these cases, a quasi-equi-
librium is established within about 4-5 years of irrigation,
depending on the nature of crops grown, soil characteris-
tics and the climate especially rainfall at the site. Due to
sodicity-induced reductions in water infiltration, the op-
portunity for alkali waters to penetrate deeper is farther
reduced. The application of alkali waters further increases
sodicity in the upper soil layers when concentrated
through the loss of water due to evapotranspiration. How-
ever, sodicity build up in soil (ESP-2.5 x SAR,,) was
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greater than the earlier reported values of about 1.2—1.5 x
SAR,, for upland double crop rotations like maize/ mil-
let—wheat (Manchanda, 1993). Thiswas in spite of the fact
that the content of Ca?* and Mg? (10.2 me/L) in alkali
water used for the irrigation was much higher and the field
was regularly incorporated with green manure (sesbania)
during the monsoon season. The latter is known to induce
bioremediation in soils through dissolution of precipitated
calcite in the rhizosphere because of enhanced partia pres-
sure of carbon dioxide and the production of organic acid
during its decomposition (Qadir et al., 2002). Moreover,
with incorporation of sesbania, the Caand Mg taken up by
the crop during its growth, was being returned to the sail.
It is documented that legumes like sesbaniarely on N,-
fixation to release protons (H*) that contribute to a de-
crease in soil pH in calcareous soils and thus dissolve cal-
cite (Qadir and Oster, 2004). These effects were evident,
as the ESP in surface soil up to 30 cm averaged between
9.1 and 24.1 at the harvesting of sesbania/ sowing of po-
tato after the cessation of monsoon while it was between
11.1 and 39.5 at the harvesting of sunflower/ sowing of
seshania, thus an averageincrease in ESP by 2.0 in case of
CW aone and 15.4 in case of AW alone (Fig.1). Propor-
tionately higher build up of sodicity in the soils under the
present study can be ascribed to the higher quantity of
water applied (550 mm — 700 mm) and the proportion of
alkali water used for irrigation of potato and sunflower
when the soils were in a precipitation phase (October—
June). Further, it isinteresting to note that the annual rain-
fall inthe region is adequate to sustain the soil ESP (dight
reduction in case of CW and dlight increase in case of AW
despite high inter-seasonal increase) over 6 years of study
period (Fig.2). In comparison, wheat was the main winter
crop in rotation during the earlier documented studies
(Manchanda, 1993) and it required 350-420 mm of irriga-
tion water. The datain the present study corroborate the
recent analysis by Minhas and Sharma (2006) that in ad-
dition to the ion chemistry of irrigation waters, applied ir-
rigation water, rainfall and evapo-transpiration of the crops

Table 1. Pan evaporation (PE), rainfall (R) and applied irrigation water (IW) to different crops

Crop Parameters 2007-08 2008-09 2009-10 2010-11 201112 2012-13 Mean
Potato PE (mm) 229.0 257.0 285.0 232.0 245.0 266.0 252.0
R (mm) 258 10.3 Nil 87.1 13 Nil 311
IW (mm) 250.0 250.0 300.0 300.0 300.0 300.0 283.0
Sunflower PE (mm) 787.0 775.0 768.0 758.0 769.0 782.0 773.0
R (mm) 20.2 16.1 61.5 50.0 57.0 32.8 39.6
IW (mm) 420.0 420.0 420.0 350.0 280.0 280.0 362.0
Sesbania PE(mm) 223.0 231.0 168.0 211.0 231.0 189.0 208.0
R (mm) 262.5 367.5 581.6 219.6 212.4 210.8 309.6
IW (mm) Nil Nil Nil Nil Nil Nil Nil
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also influence the extent of sodicity buildup in soils irri-
gated with alkali waters.

The buildup of salinity and sodicity in soils was also
related to the proportion of AW used in various modes of
irrigation, while little difference was observed between
respective use in cyclic and blended modes. The pH of the
surface soil up to 30 cm ranged between 8.1 and 8.6
though considerable differences in ESP (14.1-22.0) were
observed under different modes of combined use of canal
and akali waters during the sixth year (Fig. 1). The aver-
age ESP were estimated 17.8, 22.0, 16.3 and 18.0 for 1
YCW 2YAW, 2YAW 1YCW, 2YCSW: 1YAW and 1
YAW : 2 YCW cyclic treatments, indicating an enhanced
buildup of sodicity with higher proportion of AW used
(Fig.1). Theincrease in ESPwas more prevalent when AW
was used ininitial year(s) and CW was used in subsequent
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Fig. 2. Effect of different modes of canal and akali water use on
exchangeable sodium percentage (0—30 cm) during study
period (2007-08 to 2012-13)

year(s). Further, reduction in ESP after 6 years of study
period was observed in treatments when 2Y CW was used,
whereas, ESP increased marginally when 1Y CW was used
(Fig. 2). However, the ESP under the crop wise cyclic
treatment (AWp : CWs) and blends of canal and alkali
waters (2 CW + 1AW, 1 CW + 2 AW) on sixth year were
observed in the range of 15.7-21.8 (Fig. 1). Further, the
ESP remained nearly static after 6 years of experiment for
AWp : CWsand 2 CW + 1 AW, whereas increased mar-
ginaly for 1 CW + 2 AW used in blended mode. Among
all treatments of combined use of cana and alkali waters,
cyclic application of 2 YCW + 1 YAW and blended use of
2CW : 1AW were found best in terms of reduction of soil
ESP. Minhas et al. (2007) also reported similar results
with paddy-wheat where keeping the proportion of added
AW as the same; the sodicity build up was similar with
cyclic use and blending.

Crop

Irrigation with AW alone significantly reduced the av-
erageyields over aperiod of 6 years of potato (85%), sun-
flower (88%) and seshania (65%), though the reductionin
yields were comparatively lower in the first year (potato
71%, sunflower 74% and sesbania 64%) than subsequent
years (Table 2). Both potato and sunflower have been
rated as moderately sensitive crops (Maas and Grattan,
1999). Higher relative yield of sesbania than potato and
sunflower was observed mainly on account of high
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amount of rainfall received during the crop season. The
significant reduction in crop yields can be ascribed to bi-
carbonate toxicity and build up of akalinity and sodicity
in soils leading to structural deterioration and poor perme-
ability. These factors ultimately result in nutritional imbal-
ances (Qadir and Oster, 2004). The restricted movement of
water in soilsirrigated with alkali water may also result in
the retention of salts in surface layers, which simulta-
neously induces salinity stresses affecting crop growth
(Minhas et al., 2003). The salinity during the crop-growth
period, though not high (2.9-4.9 dS/m), was above the
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threshold values reported for the test crops under consid-
eration (Maas and Grattan, 1999).

Theyields for each crop improved under various com-
binations of CW and AW usage compared with AW alone.
The crops performed better with yearly water use com-
pared to blending. When averaged over the 6 years, the
RY of potato were 66, 54, 78, 60 and 48% under the cyclic
1YCW : 2YAW, 2 YAW : 1YCW, 2YCW : 1 YAW, 1
YAW : 2 YCW and AWp : CWs treatments respectively,
while the relative yield was 83 and 58% for waters
blended intheratio2 CW + 1AW and 1 CW + 2 AW re-

Table 2. Effect of modes of irrigation with alkali and canal water on yield of crops

Mode of irrigation Potato tuber yield (t/ha)
2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 Mean RY (%) SYl
All cand water (CW) 245 28.2 259 31.2 25.7 36.3 28.6 100 0.83
All akali water (AW) 71 43 34 26 23 6.6 44 15 0.34
Cyclic (LYCW : 2 YAW) 23.1 17.9 16.6 23.6 15.9 17.3 19.1 66 0.65
Cyclic (2 YAW : 1 YCW) 18.8 10.8 184 13.7 8.4 20.8 15.2 54 0.56
Cyclic (2 YCW : 1 YAW) 19.7 24.1 20.9 24.9 234 229 22.7 78 0.82
Cyclic (1 YAW : 2YCW) 9.3 16.8 18.9 13.7 14.1 311 17.3 60 0.72
Cyclic (AWp : CWs) 11.4 135 15.9 12.7 9.9 19.6 138 48 0.73
Blending (2 CW + 1 AW) 21.0 224 21.7 23.9 21.3 31.8 23.7 83 0.94
Blending (1 CW+ 2 AW) 13.8 15.3 17.2 16.6 12.8 24.4 16.7 58 0.86
SEmz+ 0.6 0.7 0.6 0.7 0.8 0.6 - - -
CD (P=0.05) 18 21 17 21 23 19 - - -
Sunflower seed yield (t/ha)
All cand water (CW) 1.29 154 1.23 1.48 1.05 1.30 1.32 100 0.73
All akali water (AW) 0.33 0.17 0.11 0.14 0.11 0.10 0.16 12 0.22
Cyclic (LYCW : 2 YAW) 1.20 0.65 0.50 114 0.61 0.61 0.79 60 0.40
Cyclic (2 YAW : 1YCW) 0.77 0.71 0.83 0.65 0.58 0.76 0.72 55 0.75
Cyclic (2 YCW : 1 YAW) 0.98 137 0.61 113 0.95 0.69 0.96 73 0.49
Cyclic (1 YAW : 2YCW) 0.45 0.96 0.99 0.61 0.68 0.75 0.74 56 0.53
Cyclic (AWp : CWs) 0.82 0.95 0.71 0.79 0.69 0.78 0.79 60 0.73
Blending (2 CW + 1 AW) 1.03 1.32 0.86 1.09 0.94 0.95 1.03 78 0.76
Blending (1 CW + 2 AW) 0.81 0.74 0.65 0.72 0.61 0.63 0.69 52 0.65
SEmz+ 0.06 0.07 0.07 0.04 0.04 0.03 - - -
CD (P=0.05) 0.19 0.23 0.22 0.12 0.13 0.11 - - -
Sesbania biomass yield (t/ha)
All cand water (CW) 20.1 19.1 19.6 19.9 20.0 20.9 19.9 100 0.93
All akali water (AW) 7.2 6.8 6.7 6.8 6.9 75 7.0 35 0.89
Cyclic (LYCW : 2 YAW) 19.7 17.9 16.7 17.3 17.6 185 18.0 90 0.86
Cyclic (2 YAW : 1YCW) 18.7 17.0 17.2 17.1 17.3 17.2 174 87 0.90
Cyclic (2 YCW : 1 YAW) 17.0 16.8 16.9 16.6 16.7 16.9 16.8 84 0.98
Cyclic (1 YAW : 2YCW) 12.1 13.0 17.9 12.8 17.8 16.8 151 76 0.69
Cyclic (AWp : CWs) 18.2 14.7 17.9 175 17.7 18.3 174 87 0.88
Blending (2 CW + 1 AW) 18.9 174 17.6 17.8 17.9 18.5 18.0 92 0.93
Blending (1 CW + 2 AW) 17.9 16.8 16.4 17.0 17.2 17.6 17.2 86 0.92
SEmz+ 0.3 0.2 0.2 0.3 0.3 0.4 - - -
CD (P=0.05) 1.0 0.7 0.7 1.0 11 13 - - -

RY, Relative yield; SYI, sustainable yield index
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spectively. Similarly, the relative yield for sunflower were
60, 55, 72, 56 and 60% for cyclic usesof 1 YCW : 2 YAW,
2YAW :1YCW, 2YCW : 1 YAW, 1 YAW : 2 YCW and
AWDp : CWs whereas 78 and 52% for blended waters in
theratio2 CW : 1AW and 1 CW : 2 AW respectively. The
sustainable yield index (SYI) ranged from 0.56-0.94 to
0.40-0.76 for potato and sunflower, respectively, for vari-
ous yearly modes (Table 2). The values of SY| (0.69-0.92)
was higher for seshania than potato and sunflower. Results
of the present study further corroborate that cyclic use of
good quality canal and poor quality alkali groundwater
performs at par with their use in blended mode in same
proportion when good quality canal water is applied ini-
tialy.

Quality
The system productivity of different crop in potato—

sunflower—seshania cropping sequence given in Table 3.
The maximum system yield was observed in all canal
(CW) treatment and minimum in al akali treatment. The
other best treatments for system productivity were blend-
ing (2 CW + 1 AW) 42.73 t/ha, cyclic (2 YCW : 1 YAW)
40.42 t/ha, and cyclic (1 YCW : 2 YAW) 37.80 t/hare-
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spectively. The rest treatments gave system yield in be-
tween for these treatments.

The water use efficiency (WUE) declined with reduced
yields and sodicity development under various treatments
(Table 3). For different treatments of CW and AW, WUE
was found 944-162 kg/ha-cm for potato and 31.4-3.8 kg/
ha-cm for sunflower. The highest WUE was estimated for
all CW, whereas the lowest for all AW. Among different
modes of combined use of akali and canal waters, WUE
was the highest in case of blending of canal and alkali
watersin 2 CW : 1 AW for both potato (816 kg/ha-cm) and
sunflower (24.8 kg/ha-cm) crops.

Quality of produce

The effect of sodicity build up in the soil profile dueto
combined use of alkali and canal water under different
treatments were evaluated in terms of quality of potato and
sunflower. The quality of potato was measured in terms of
the tuber grade (A > 60 g, B 40-60 g and C < 40 g) and
keeping quality (percentage weight loss in storage) and
have been depicted in Fig.2. The quality of sunflower was
measured in terms of size of sunflower seed (1,000-seed
weight) and its oil content (percentage oil content) as

Table 3. Effect of modes of irrigation on system productivity (Mean data of 2 years)

Treatment Potato yield Sunflower Sesbania Systemyield
(t/ha) yield (t/ha) yield (t/ha) (t/ha)
All cand water (CW) 28.63 1.32 19.93 49.88
All akali water (AW) 4.38 0.16 6.98 11.52
Cyclic (LYCW : 2 YAW) 19.06 0.79 17.95 37.80
Cyclic (2 YAW : 1YCW) 15.15 0.72 17.42 33.28
Cyclic (2 YCW : 1 YAW) 22.65 0.96 16.81 40.42
Cyclic (1 YAW : 2YCW) 17.32 0.74 15.07 33.12
Cyclic (AWp : CWs) 13.83 0.79 17.38 32.00
Blending (2 CW + 1 AW) 23.68 1.03 18.02 42.73
Blending (1 CW + 2 AW) 16.68 0.69 17.15 34.52

Table 4. Effect of modes of irrigation on water-use efficiency (WUE) of potato, sunflower and quality produce of sunflower (Mean data of 2

years)
Modes of irrigation WUE (kg/ha-cm) Quiality of sunflower
Potato Sunflower 1,000-seed weight (g) Qil content (%)

All canal water (CW) 944 314 27.0 421
All alkai water (AW) 162 3.8 22.2 37.3
Cyclic (LYCW : 2 YAW) 650 18.8 24.2 39.9
Cyclic (2 YAW : 1 YCW) 528 17.4 23.8 39.6
Cyclic (2YCW : 1 YAW) 776 22.9 24.8 39.9
Cyclic (LYAW : 2YCW) 605 18.1 25.4 38.9
Cyclic (AWp : CWSs) 473 19.4 24.3 39.6
Blending (2 CW + 1 AW) 816 24.8 25.7 40.7
Blending (1 CW + 2 AW) 573 16.8 24.4 39.8

SEm+ - - 0.6 0.5

CD (P=0.05) 1.7 14
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givenin Table 3. It was observed that the small-grade po-
tatoes (C grade), increased with the decline in yield under
different treatments respectively. Storage quality of potato
also deteriorated with AW irrigation (e.g. the potatoes
shriveled with two-thirds weight loss (17.8%) on storage
for 90 days under AW treatments, whereas the weight |oss
was just about two-fifths (8.2%) under CW). Similarly, the
quality of sunflower produce was also poor with AW due
to lower 1,000-seed weight and oil content. Our results
confirm findings of Chauhan (2010) and Chauhan et al.
(2012).

It can be concluded that the combined use of alkali and
good quality canal waters can maintain the soil sodium
saturation at relatively low levels, depending on the pro-
portion of the 2 types waters. Amongst the various treat-
ment options, the cyclic use should be preferred especially
when canal waters are utilized for initial irrigations since
it would have both operational and performance advan-
tages over the blending of the water supplies. The use of
alkali water should be avoided during the initial stages of
crop growth.
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