






almost dry soil, w hich is then heavily irrigated to leach 
salts into the subsoil. (This method is called dry 
sowing. ) Subsequent irrigation is given soon after the 
crop has established (i.e. 7- 15 days after germination) . 

Nitrogen and phosphorus fertilisers should be applied 
at this stage. 

Poorly drained soil. Soils that are clayey, low- lying, 
sodic and/or used for rice generally have drainage 
problems, and after irrigation or rain, water can stand 
on the soil surface for a long time, causing 
waterlogging. In this situation dry sowing is hazardous. 
Instead, the land should be prepared in the form of 
raised beds, about 75-100 centimetres wide, and 
20-30 centimetres high, separated by irrigation 
channels. After a heavy soaking irrigation and the 
addition of the first dose of the nitrogen and 
phosphorus fertilisers, the crop is sown in the beds in 
rows about 15 centimetres apart.4 

Fertilisers and their applica tion 

The fertili ser requirements of wheat are documented in 
Table 5.2. The reader w ill notice that in cases w here 
wheat is sown after rice, zinc and boron only need to 
be added once a year (in the rice phase). Our general 
comments (see Sect ion 5.3 .1) on the need to 
incorporate fertil isers after application , and the benefits 
of split ferti liser applications, also apply for wheat. 

5.3.3 Cotton 

Cotton is a relatively salt-tolerant crop (Table 4.1). 
However, there can be problems with emergence in 
sodic soils resulting in a lower plant density than 

req uired. Furthermore, waterlogging can seriously 
affect its growth . 

Varieties 

Of the various varieties tested , NIAB-78 and MNH-93 
are more salt tolerant. In recent years, Pakistan's cotton 
crop has been very adversely affected by infestations of 
cotton leaf curl virus (CLCV). The newly developed 
varieties with tolerance to CLCV urgently need to be 
tested for sal t to lerance. 

Plan til1g and nlal1aging the crop 

Cotton is a summer (kharif) crop. It should be planted 
on rid ges or rai sed beds about 30 centimetres high and 
75 centimetres w ide. These beds should be 
75 centi metres apart. The sequence of events in 
building these beds is as follows. 

Cultivate the soil and then apply gypsum. Use a 
bedding plough to construct the furrows and raised 
beds. These beds wi ll be 75 centimetres wide, 
alternating with irrigation furrows 75 centimetres w ide. 

Table 5.2 Annual fertiliser application rates for wheat. 

Nutrient Form and rate Typical increase in crop growth ("la) 

Phosphorus 

Nitrogen 

Calcium 

Apply superphosphate at 35 kilograms P per hectare 

Apply urea at 160 kilograms N per hectare 

100-200' 

120-220b 

Apply gypsum accord ing to the sodicity of the soil at 10-20% 

of gypsum requirement c 

Zinc 

Boron 

aM . Aslam (pers. comm . 1996) 

No requirement if applied in ri ce phase 

No requirement if applied in rice phase 

b Res ponse fou nd in glasshouse trial wi th artificially salin ised 
(ECe = 11 .8 decisieme ns per metre) soil (Nadecm et a l. 1995) 

4 There we re clear benefits o f raised beds on the yield o f whea t in 
an ex periment on a sa line (ECe 8.3 dec isiemens per metre) sodic 

(SAR 23 , pH 8.9) loamy clay at Sadhoke. Wheat grown with 
56 conve nti onal culti va ti o n yielded 0.60 ton nes pe r hecta re. 

c It is common practice for gypsum to be applied onl y in the rice 
phase . However there are likely to be some benefits from the 
addi tion of small amounts of gy psum in the wheat phase , hence 
thi s recommendation. Gypsum requirement is calculated 
according to Richards ( 1954). 

However, whea t grown on 15·centimetre high beds 30, 45 or 60 
centimetres wide had yields of 1.07, 1. 06 and 1. 20 to nnes per 
hec tare (Quresh i and Aslam 1988). 
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Figure 5 .2 . For a range of barley cultivars, relationship 

between shoot dry weight after 20 weeks (ECw 10 
decisiemens per metre) and sodium concentra tion in the 

shoots. Experiments 1 and 2 are from Niazi et at. (1987 and 

1992 respectively). 

Plant seeds in rows on either side of the beds. Instead 
of evenly spacing the seeds, there is improved 
emergence of broad- leaved crops like cotton through 
crust ing soils by planting three to four seeds in a 
clump, with about 15 centimetres between clumps. 
Seedlings in these clumps can then be thinned about 
45 days after sowing when the plants are about 
15- 20 centimetres high . 

Apply fertiliser, in the irrigation furrows, 1 week after 
the first irrigation water has been applied . Incorporate 
the fertiliser into the soil (and control weeds) by 
reforming the bed/furrow surface with the bedding 
plough. It is possible to split the application of fertiliser 
into a number of applications after several irrigations; 
however the fertilising program should be complete by 
60 days after sowing, otherwise the crop will f inish too 
late to allow for the planting of wheat in the rab i 

season. 

Apply plant hormone growth regulator (Pix - an 
antigibberellin) to the crop at the rate of 247 millilitres 
per hectare) at four periods during growth (40-45, 
55-60 , 70-75 and 85- 90 days after sowing) . 

Fertil iser requirement 

Fertilisers are incorporated into the beds as described 
above. Cotton requires 23 ki lograms per acre 
phosphate (applied as diammonium phosphate) and 
69 kilograms per acre nitrogen (applied as 
diammonium phosphate and urea) . 

5.3.4 Salt-tolerant varieties of other crops 

Some data are available on the responses of a range of 
other crops to salinity. However, it needs to be stressed 
that no consideration was given in these experiments 
to determining plant response to salinity under 
conditions of water/ogging. The results may therefore 
be of limited relevance to the fie ld, where salin ity and 
waterlogging often occur together (see Section 4.2) . 

Barley 

Although barley has a reputation as a salt-tolerant 
cereal (Table 4.1) , there is large variat ion w ithin the 

species in response to salinity. In irrigated gravel 
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